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KURZZUSAMMENFASSUNG 

Hintergrund und Ziel: Die alternde Bevölkerung und die steigenden Demenzfälle werfen 

Bedenken hinsichtlich des Wohlbefindens der Individuen auf. Lebensstilfaktoren und vaskuläre 

Störungen spielen eine wesentliche Rolle beim Beginn von Demenz, was den Fokus auf 

körperliche Aktivität (KA) in Präventionsstrategien lenkt, aufgrund ihres Potentials, den 

kognitiven Rückgang kostengünstig zu verlangsamen. Es bestehen jedoch nach wie vor 

Unsicherheiten hinsichtlich der optimalen Implementierung von KA, hauptsächlich aufgrund 

von Einschränkungen im Studiendesign und niedrigen Teilnahmequoten bei Menschen mit 

Demenz oder einem erhöhten Risiko. Daher zielt diese Dissertation darauf ab, diese 

Unsicherheiten zu adressieren, indem die Wirksamkeit von KA-Interventionen auf die 

Kognition bei Demenz untersucht wird, Veränderungen der KA und einflussnehmende 

Faktoren bei älteren Erwachsenen mit erhöhtem Risiko über einen Zeitraum von 24 Monaten 

analysiert werden und kritische Faktoren für die erfolgreiche Implementierung von KA-

Programmen identifiziert werden. Diese Forschung soll wertvolle Erkenntnisse für zukünftige 

Demenzpräventions- und Versorgungsstrategien liefern. 

Methode: Diese Dissertation bietet eine gründliche Evidenzsynthese, die verschiedene 

methodologische Ansätze umfasst, um effektive Implementierungsmethoden für KA bei 

Menschen mit Demenz oder erhöhtem Risiko zu untersuchen. Sie beinhaltet eine systematische 

Überprüfung und Meta-Analyse, quantitative Analysen und qualitative Interviews. 

Ergebnisse: Diese Studie beantwortet drei zentrale Forschungsfragen. Erstens, hinsichtlich der 

Wirksamkeit von KA-Interventionen auf die kognitive Funktion bei Menschen mit Demenz, 

fanden wir, dass KA-Interventionen das Potenzial haben, die kognitive Funktion bei Menschen 

mit Demenz zu verbessern, jedoch sind die Lösung von methodischen Herausforderungen und 

die Verbesserung der Adhärenz nach wie vor entscheidend für zukünftige Forschungen. 

Zweitens, hinsichtlich der vermittelnden Faktoren, die mit der KA-Teilnahme bei der 24-

Monats-Follow-up unter Individuen mit erhöhtem Demenzrisiko verbunden sind, 

identifizierten wir, dass Selbstwirksamkeit und gezielte Interventionen entscheidend sind, um 

die KA-Teilnahme zu fördern, wobei demografische und gesundheitliche Faktoren ebenfalls 

eine bedeutende Rolle spielen. Schließlich, hinsichtlich der vermittelnden Faktoren, die die 

erfolgreiche Umsetzung von KA-Initiativen für Menschen mit Demenz beeinflussen, 

unterstreichen die Ergebnisse die dringende Notwendigkeit maßgeschneiderter Ansätze, starker 

Unterstützungssysteme und Flexibilität bei der Umsetzung von KA-Interventionen für 

Menschen mit Demenz, zusammen mit inklusiven politischen Maßnahmen, um 

Herausforderungen zu adressieren und langfristige Nachhaltigkeit zu gewährleisten. 
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Fazit: Diese Dissertation liefert wesentliche Erkenntnisse und Strategien für die effektive 

Implementierung von KA-Programmen für Menschen mit Demenz und solche mit erhöhtem 

Risiko, überbrückt Forschungslücken und informiert sowohl die Praxis als auch die Politik. 

 

SHORT SUMMARY  

Background and aim: The aging population and rising dementia cases highlight concerns for 

individuals' well-being. Lifestyle factors and vascular disorders play significant roles in 

dementia onset, prompting a focus on physical activity (PA) in prevention strategies due to its 

potential to slow cognitive decline affordably. However, uncertainties persist regarding optimal 

PA implementation methods, largely due to study design limitations and low adherence rates 

among individuals with dementia or at elevated risk. Therefore, this dissertation aims to address 

these uncertainties by examining PA intervention's effectiveness on cognition in dementia, 

exploring PA changes and influencing factors in at-risk older adults over a 24-month period, 

and identifying critical factors for successful PA program implementation. This research aims 

to provide valuable insights for future dementia prevention and care strategies.  

Method: This dissertation offers a thorough evidence synthesis, incorporating various 

methodological approaches to explore effective implementation methods for PA in PwD or 

those at increased risk. It encompasses a systematic review and meta-analysis, quantitative 

analyses, and qualitative interviews. 

Results: This study addresses three key research questions. Firstly, regarding the effectiveness 

of PA interventions on cognitive function in PwD, we found that PA interventions hold 

potential for improving cognitive function in PwD, but addressing methodological challenges 

and adherence issues is still crucial for future research. Secondly, concerning the mediating 

factors associated with PA engagement at 24 months follow-up among individuals at increased 

dementia risk, we identified that self-efficacy and targeted interventions are essential for 

promoting PA engagement, with demographic and health factors also playing significant roles. 

Lastly, regarding the mediating factors influencing the successful implementation of PA 

initiatives for PwD, findings underscore the critical need for tailored approaches, strong support 

systems, and flexibility in implementing PA interventions for PwD, alongside inclusive 

policies, to address challenges and ensure long-term sustainability. 

Conclusion: This dissertation provides essential insights and strategies for effectively 

implementing PA programs for PwD and those an increased risk, bridging gaps in research and 

informing both practice and policy.  
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1. INTRODUCTION 

Currently, the aging population and the constant increase in dementia cases are growing 

concerns 1. This disease affects various aspects of life, including cognition, emotional well-

being, autonomy in daily activities, economic status, and financial stability 1. It is important to 

note that modifiable risk factors such as lifestyle, metabolic and vascular disorders, and 

psychosocial factors are associated with 40% of dementia cases 2. Therefore, efforts have 

centred on implementing multicomponent prevention strategies targeting modifiable risk 

factors to address this condition and prevent cognitive decline 2,3. Physical activity (PA), an 

essential component of these interventions, is widely acknowledged in the literature as a 

protective factor that mitigates dementia progression in a cost-effective and sustainable way 2. 

For instance, PA is linked to positive health outcomes in persons with dementia (PwD), 

including slower cognitive decline 4. However, despite its recognized benefits and its inclusion 

in multimodal lifestyle interventions, the evidence supporting the optimal ways of PA 

implementation in PwD or those at increased risk, remains unclear. This uncertainty stems 

from the utilization of low-quality methodological study designs and low adherence to PA rates. 

These limitations underscores the need for further research to identify and establish effective 

strategies for implementing PA in PwD or those at increased risk, determining the impact on 

cognitive function and addressing low adherence rates. Therefore, the present dissertation 

focuses on addressing these gaps in the literature by conducting a comprehensive evidence 

synthesis, which aims to investigate and update the evidence regarding effectiveness of PA in 

maintaining cognitive health. Additionally, it seeks to identify mediating factors that influence 

successful implementation of PA and facilitate participation and adherence to such programs.  

Specifically, the dissertation addresses three key themes: Firstly, it examines the effects of PA 

on cognition among PwD through a systematic review and meta-analysis. Secondly, it 

investigates PA changes and associated mediating factors at 24-month follow-up among elderly 

adults at increased dementia risk, utilizing quantitative analyses. Thirdly, it explores multilevel 

barriers and facilitator factors associated with the effective implementation of PA initiatives for 

PwD via qualitative interviews. Through exploration of three key themes, it delves into the 

complexities of PA interventions and their implications for cognitive well-being. By expanding 

knowledge and providing evidence supporting optimal implementation strategies, this research 

contributes valuable insights when integrating PA into multimodal approaches aimed at 

preventing cognitive decline. This foundational overview sets the stage for presenting research 

methods and findings, aiming to bridge current research and practice gaps in dementia 

prevention and care, ultimately providing a comprehensive guide for future actions in dementia 
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health care. In subsequent sections, this dissertation will cover key topics essential for providing 

a framework for introducing the methodology, findings, and conclusions of the present 

research. It will include discussions on dementia symptoms, causes, and global impact, 

dementia modifiable risk factors, preventive strategies such as cognitive reserve, multimodal 

interventions, emphasizing the role of PA in prevention, PA levels in the target population, PA 

intervention effectiveness, adherence factors, and PA and dementia challenges.  

 

1.1.  Understanding Dementia: Symptoms, Causes, and Global Impact 

Dementia is an umbrella term encompassing various neurodegenerative diseases, which are 

progressive 1 and associated with severe deterioration of nerve cells and synapses in specific 

regions of the central nervous system, such as the temporal, parietal, and frontal lobes 5. 

Consequently, damage in these areas exhibits through deficiencies in memory, learning, 

emotional regulation, social functioning, and activities of daily living 5. According to the ICD-

11 (International Statistical Classification of Diseases and Related Health Problems), dementia 

is primarily characterized by memory impairment but is not restricted solely to this cognitive 

function; there is impairment in other areas such as executive functions, attention, language, 

social cognition and judgment, psychomotor speed, visuoperceptual or visuospatial abilities 6. 

Additionally, behavioural changes are observed, such as alterations in personality, 

disinhibition, agitation, and irritability 6.  These symptoms significantly affect various areas of 

functioning, including personal, familial, social, and other important aspects of daily life. PwD 

are classified into one of these severities (mild, moderate, and severe) depending on the level 

of neurocognitive and functional impairment and the level of independence in performing 

activities of daily living 6. While the exact causes of dementia onset are not thoroughly 

comprehended, it is known that the neuropathological mechanisms underlying dementia, 

including abnormal protein deposition in the brain and neurovascular changes in various stages 

of the disease, are closely linked to progressive cognitive decline 7. These mechanisms manifest 

differently across various forms of dementia. For example, in the most common form, 

Alzheimer's disease (AD), beta-amyloid and tau proteins have been linked to progressive 

cognitive decline. In Lewy body dementia, alpha-synuclein accumulations affect cognition and 

motor function. Frontotemporal dementia presents with various protein accumulations 

depending on the subtype; such as tau protein (DFT-tau) in the frontotemporal dementia variant. 

Conversely, vascular dementia is characterized by damage to brain blood vessels, leading to 

blood flow disruptions and subsequent nerve cells loss, often attributed  to cardiovascular 

accidents or chronic cardiovascular diseases 7. 
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According to the World Health Organization (WHO), in 2019 there were 55 million people 

living with dementia worldwide, and this figure is expected to increase to 139 million by 2050. 

Similarly, the costs associated with dementia are expected to double, rising from US$1.3 trillion 

per year in 2019 to $2.8 trillion dollars by 2030 8. Therefore, the anticipated increase in 

dementia cases and associated costs emphasizes the need for strategies to address cognitive 

decline. While progress has been made in diagnosis and treatment of dementia, the absence of 

a cure, limited efficacy of recent drug trials 9, and global access challenges, underscore the 

urgent need to prioritize prevention strategies in addressing dementias impact 8.  

 

1.2.  Modifiable Risk Factors for Dementia 

Within previous context, prioritizing prevention emerges as a pragmatic approach to mitigate 

dementias burden on individuals and societies 8. By addressing modifiable risk factors, there 

is a significant opportunity to reduce the onset and progression of this condition 2.  These risk 

factors encompass a spectrum of lifestyle-related, vascular, and psychosocial elements, each 

playing a role in cognitive health 3. According to the 2020 Lancet report on dementia 

prevention, addressing twelve modifiable risk factors, such as lower education, hypertension, 

hearing impairment, smoking, obesity, depression, physical inactivity, diabetes, low social 

contact, excessive alcohol consumption, traumatic brain injury, and air pollution, could prevent 

or delay approximately 40% of dementia cases, as supported by widespread evidence 2,8. The 

report presents a model considering the life course and potential risk factors for dementia 

(Figure 1, adapted from Livingston et al. 2), emphasizing how they collectively contribute to 

the onset of dementia. Furthermore, the model presented in this report underscores that risk 

factors for dementia and opportunities for prevention extend throughout the lifespan, 

highlighting the importance of implementing preventive strategies at any stage of life 2. 

Particularly, in midlife, factors like hypertension and obesity pose significant risks for 

dementia development, contributing to vascular damage and metabolic dysregulation 10. 

Similarly, physical inactivity and diabetes in later life further exacerbate these risks, as they 

are closely linked to cardiovascular complications and impaired glucose regulation, both 

harmful to brain health 11. By emphasizing the importance of lifestyle modifications in 

preventing dementia, interventions can effectively target multiple risk factors simultaneously, 

offering promising avenues for reducing the burden of cognitive decline in aging 2.  
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Figure 1.  Population attributable fraction of potentially modifiable risk factors for dementia, 

taken from Livingston et al. report 2.  

 

1.3.  Cognitive Reserve as a Preventive Strategy 

Continuing the exploration of dementia prevention strategies, attention is now directed towards 

the concept of cognitive reserve 12. While addressing midlife and later-life risk factors remains 

crucial for dementia prevention, understanding the role of cognitive reserve adds another 

dimension to the efforts 13. Cognitive reserve, often described as the brain's ability to maintain 

cognitive function despite age-related changes or brain damage, encompasses various 

neurobiological and lifestyle factors 12. It comprises three key components: neurobiological 

brain reserve, reflecting the number of neurons and synapses at a given time; brain maintenance, 

involving the reduction of cerebral changes and pathology development through genetics or 

lifestyle; and cognitive reserve itself, characterized by adaptability that enables cognition 

preservation despite cerebral pathology 12,14. Thus, by minimizing modifiable risk factors, 

potential brain mechanisms may be activated, enhancing or maintaining cognitive reserve while 
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reducing neuropathological damage (including amyloid or tau proteins, vascular or 

inflammatory factors), ultimately serving as a preventive measure against dementia 12,14.  

Research suggests that engaging in mentally stimulating activities, maintaining social 

connections, and leading a physically active lifestyle can contribute to the development and 

preservation of cognitive reserve 2. Moreover, studies have shown that individuals with higher 

levels of education and occupational attainment tend to have greater cognitive reserve, which 

may buffer against cognitive decline in later life 2. Recognizing the variability of cognitive 

reserve across individuals underscores the importance of tailored prevention strategies 15. As 

the discussion on dementia prevention deepens, it becomes evident that promoting cognitive 

reserve through lifestyle modifications represents a promising avenue for mitigating cognitive 

decline 2. Therefore, it is crucial to conduct randomized controlled trials (RCTs) to determine 

the effectiveness of such lifestyle interventions in preventing or delaying cognitive decline, 

thereby bridging the gap between theoretical knowledge and practical application in dementia 

prevention strategies 2. It is in this context that multimodal trials emerge, focusing on 

comprehensively evaluating lifestyle interventions. 

 

1.4. Multimodal Interventions  

Building upon the understanding of cognitive reserve and the significance of lifestyle 

modifications in dementia prevention, attention now turns to multimodal intervention trials. 

These interventions recognize the multifaceted nature of dementia risk factors, such as genetics, 

vascular issues, metabolism, and lifestyle choices. By integrating these diverse factors, 

including addressing modifiable risk factors, multimodal strategies offer promising avenues for 

comprehensive prevention strategies and effectively preventing cognitive decline and dementia 

3.  

In this way, three innovative, extensive, and enduring lifestyle prevention studies have been 

undertaken in Europe: The Finnish Geriatric Intervention Study to Prevent Cognitive 

Impairment and Disability (FINGER) 16, the French Multimodal Alzheimer Preventive Trial 

(MAPT) 17, and the Dutch Prevention of Dementia by Intensive Vascular Care (PreDIVA) 18. 

The two-year FINGER trial 16 highlighted the significant impact of a multimodal lifestyle 

intervention on cognitive decline among older adults at risk of dementia. The intervention, 

including dietary guidance, PA, cognitive training, social engagement, and management of 

vascular and metabolic risks, led to notable improvements in cognitive performance and 

additional benefits such as reduced body mass index and increased PA. Subgroup analyses 

supported the intervention's efficacy across various demographic and health profiles, indicating 
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its broad applicability among older adults at increased dementia risk. The three-year MAPT 

trial 17, involving 1680 older adults tested a multifaceted intervention combining lifestyle 

changes and a nutritional supplement. Specifically, participants received a multimodal lifestyle 

intervention consisting of cognitive training and counselling on nutrition and PA, either alone 

or in combination with omega-3 fatty acid supplementation. Although it did not meet its 

primary goal (effects on cognitive composite score), the combined lifestyle intervention showed 

positive effects on cognitive function. Lastly, the six-year PreDIVA study 18 involved 3526 

older adults recruited from general practices. The intervention group received a nurse-led 

multimodal program focusing on healthy lifestyle advice and intensive vascular care. While the 

trial's primary outcome, dementia incidence, showed no significant differences between groups, 

exploratory analyses revealed a decrease in dementia incidence among individuals with 

untreated hypertension who adhered to treatment.  

From these three large multimodal prevention trials, it is evident that targeting multiple 

factors concurrently holds promise for reducing dementia risk on a large scale, given the 

multifaceted nature of the condition. The success of interventions like the FINGER trial 

underscores the feasibility of such approaches. In light of these studies insights, it is evident 

that while targeting at-risk individuals, initiating prevention efforts early, and delivering 

intensive interventions with active counselling and coaching, are crucial, the content of these 

interventions also holds vital importance 3. Furthermore, PA not only serves as a significant 

component within these interventions but also contributes significantly to their effectiveness 

2,3,19. Sustained PA can mitigate obesity, diabetes, and cardiovascular risk, addressing multiple 

risk factors and thus promoting brain health and reduce risk of dementia 2,19.  

 

1.5.  The Role of Physical Activity in Dementia Prevention 

Expanding on the crucial role of PA emphasized previously within multimodal interventions, 

regular PA stands out as a fundamental element for brain health, particularly during midlife and 

late life, where it is recognized as a reserve-enhancing factor linked to decreased dementia risk 

2,19,20. PA has been associated with various cognitive mechanisms, including strengthening cells 

and tissues to respond to oxidative stress, enhancing vascularization and energy metabolism, 

and promoting neurotropic effects through increased concentrations of brain-derived 

neurotrophic factor (BDNF) 21. These effects contribute to brain plasticity, memory 

improvement, neurogenesis, and synaptic plasticity, all of which help attenuate the loss of brain 

tissue as the brain ages 2,21. Moreover, neuroimaging techniques offer additional support for the 

influence of PA on cognitive function and brain activity 4. These methods reveal heightened 
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connectivity within the default mode network (DMN), which handles introspection and 

memory recall, after engaging in PA training 22. Additionally, research using animal models of 

AD corroborates the idea that PA beneficially alters pathological mechanisms, such as A-beta 

(Aβ) accumulation, tau phosphorylation, and neuronal degeneration 23.  

Moreover, PA reduces the risk of metabolic diseases like diabetes and cardiovascular issues, 

such as obesity, hypertension, and diabetes, which are linked with an increased likelihood of 

dementia progression 4. Furthermore, PA plays a crucial role in preventing social isolation and 

depression in later life by providing opportunities for social interaction and engagement 24,25. 

Additionally, PA releases endorphins and other neurotransmitters that promote feelings of 

happiness and well-being, thereby reducing the risk of depression and loneliness 25. By fostering 

social connections and promoting emotional resilience, PA helps individuals maintain a sense 

of purpose and belonging as they age, ultimately enhancing overall mental and emotional health 

24,25. Together, PA enhances cognitive reserve and targets six of the modifiable risk factors for 

dementia, including hypertension, obesity, depression, social isolation, physical inactivity, and 

diabetes. This holistic approach promotes healthy aging and improves overall quality of life. 

Therefore, integrating PA into multimodal strategies for dementia care and prevention remains 

imperative for further delaying its onset or progression.   

 

1.6.  Physical Activity: Definition and Recommendations 

PA involves any movement executed by skeletal muscles that requires increased energy 

expenditure beyond resting levels, measured as 1 MET 26,27. This energy expenditure can be 

quantified using metabolic equivalents (METs) or in relation to maximum heart rate or oxygen 

uptake capacity 27. PA is categorized into different intensities: light, moderate, and vigorous, 

each corresponding to varying energy expenditures compared to resting levels 27. For example, 

inactivity equates to 1 MET, sedentary behaviour ranges from 1 to 1.5 METs, light PA falls 

between 1.6 to 2.9 METs, moderate PA is between 3 to 5.9 METs, and vigorous PA is ≥6 METs 

27,28. Everyday activities up to 2.9 METs are also considered basic activities, such as household 

chores, standing, or slow walking 27,28. Physical inactivity describes a state where this basic 

level of activity occurs without engaging in additional moderate or vigorous PA 27. 

Additionally, PA intensities can be further described. High-intensity PA involves activities 

perceived as demanding, leading to difficulty in maintaining continuous speech and a notable 

increase in breathing rate, such as sprinting, rapid cycling, or vigorous swimming 26,27. 

Moderate-intensity PA is moderately demanding, allowing conversation but not singing, with 

a moderate increase in breathing rate, including brisk walking and running at a moderate pace 
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26,27. Low-intensity PA is minimally exhausting and requires a similar energy expenditure as 

basic activities 26,27.  

Various types of PA also exist, including aerobic PA, which entails sustained engagement 

of large muscle groups to ensure adequate oxygen intake through activities like walking, 

cycling, and swimming 26,27. Recreational PA occurs during leisure or sporting activities, while 

PA for transportation involves walking or cycling for commuting purposes 26,27. PA at home or 

in the workplace encompasses household tasks or job-related duties 26,27. Finally, muscle-

strengthening PA involves exercises that increase muscle tension through weight-bearing 

activities, such as functional workouts or lifting heavy objects 26,27.  

After exploring various aspects of PA, it is crucial to consider the established 

recommendations for optimal practice, particularly for adults aged 65 and above. These 

guidelines, as outlined by the WHO, emphasize the importance of regular PA for older adults 

to maintain good health and functional independence. Specifically, adults aged 65 years and 

above should engage in at least 150 minutes of moderate-intensity aerobic activity throughout 

the week, or at least 75 minutes of vigorous-intensity aerobic activity, or an equivalent 

combination of both 26,27. Additionally, muscle-strengthening activities involving major muscle 

groups should be performed on two or more days per week 26,27. In addition, it is recommended 

that individuals break down their overall activity into at least 10-minute individual units spread 

throughout the days and weeks. For instance, this could involve engaging in PA for a minimum 

of three sessions of 10 minutes each per day or spreading it out to five sessions of 30 minutes 

each per week 27.  

For adults with chronic diseases, adherence to these recommendations is crucial for 

achieving significant health benefits, although adjustments may be necessary based on 

individual circumstances, such as illness severity or physical capacity 27. In such cases, striving 

to maintain activity levels within their current capabilities is advised 27. Moreover, ensuring 

safety and effectiveness in PA involves medical assessments, consultations with healthcare 

professionals to determine appropriate levels of independence or supervision, tailoring activity 

plans with experts, and seeking guidance during illness progression or health decline to adapt 

activities accordingly 27. These recommendations provide a foundational framework to ensure 

that PA fosters favourable health outcomes in older adults, encompassing physical and mental 

well-being, dementia risk reduction, and overall quality of life enhancement. 
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1.7.  Physical Activity Levels among Elderly Adults and Persons with Dementia 

Despite the widely acknowledged benefits of PA and accompanying recommendations, there 

exist a notable lack of interest in engaging PA, resulting in low levels of participation and 

adherence among elderly adults. For instance, in Germany, 65% of individuals aged 65 or older 

engage in less than 150 minutes of PA per week, which does not meet the WHO 

recommendations for health benefits 29. Similarly, older adults at risk of dementia or with 

dementia often exhibit lower and decreased PA levels compared to healthy older adults. For 

instance, one study 30 aimed to compare PA and sedentary behaviour in ambulatory dementia 

patients with cognitively healthy, matched controls residing in the community. The results 

indicated significantly higher sedentary time and bout duration in PwD compared to controls. 

Additionally, dementia patients spent a lower percentage of their waking time engaged in light-

to-moderate and moderate-to-vigorous PA. These findings suggest that PwD exhibit more 

sedentary behaviour and less PA compared to healthy controls, potentially contributing to 

adverse health outcomes as sedentary behaviour and low PA levels are associated with 

increased mortality and morbidity. 

 

1.8.  Physical Activity Interventions among Cognitively Healthy Elderly Adults  

Considering the significant issue of low PA levels prevalent in this demographic, alongside the 

crucial role of PA in mitigating dementia and cognitive decline, it is essential to examine the 

existing literature to identify implemented programs to promote PA and their specific impact 

on the cognitive function of older adults with and without dementia. Various systematic reviews 

and meta-analyses have focused on evaluating the potential effects of PA on the cognitive 

function of healthy older adults. For instance, Gheysen et al. 31 conducted a systematic review 

that included 41 articles; founding that combined physical and cognitive activity interventions 

significantly improved cognitive function in older adults compared to control interventions. 

Greater effects were seen with combined physical and cognitive interventions compared to PA 

alone, but no additional benefits were observed compared to cognitive activity alone. These 

findings suggest that Interventions combining physical and cognitive activity can enhance 

cognitive function in older adults, regardless of their cognitive health status. In addition, recent 

evidence from a narrative review 32, which synthesizes the impact of PA impact on cognition, 

highlights the potential of PA interventions, particularly aerobic exercise, resistance exercise, 

and mind-body exercises like Tai chi and yoga, in improving cognition among older adults. 

Meta-analyses have consistently shown positive effects of aerobic exercise and resistance 

exercise on cognition, with some studies indicating improvements in cognitive flexibility, 
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inhibition, and executive function 33. Additionally, mind-body exercises have demonstrated 

significant enhancements in various cognitive domains, particularly in cognitively intact older 

adults 32. However, conflicting evidence exists, with some meta-analyses reporting only modest 

effects of exercise on cognition among healthy older adults 32. Despite these discrepancies, the 

majority of meta-analyses support the beneficial effects of exercise on cognition, underscoring 

the need for further research to address methodological concerns and determine optimal PA 

doses for cognitive enhancement in older adults. 

 

1.9.  Physical Activity Interventions among Persons with Dementia  

It is crucial to explore further impact of PA on cognition in older adults, including its effects on 

those with dementia or at risk of developing it. In this regard, a widely esteemed systematic 

review and meta-analysis investigated the effects of PA interventions on the cognition of PwD. 

A systematic review and meta-analysis 34, considered among the most comprehensive in the 

field, investigated the effects of PA interventions on cognitive function of PwD. The study 

encompassed 17 trials involving 1067 participants drawn from diverse settings, such as nursing 

homes, residential care facilities, psychiatric institutions, and home environments. Most 

participants were diagnosed with dementia, predominantly AD. The trials typically enrolled 

individuals aged 65 or older, with varying levels of physical capability. PA interventions varied 

widely in frequency, duration, and PA types, ranging from seated exercises to supervised 

walking programs. Control groups received either usual care or social contact, with additional 

activities in some instances. Cognitive functioning served as the primary outcome, assessed 

through various cognitive assessment tools. However, the meta-analysis yielded inconclusive 

evidence regarding the effectiveness of PA on cognitive function, alongside significant 

heterogeneity and a very low quality rating of evidence. Further high-quality studies are 

warranted to enhance the scope of this review, exploring optimal PA routines for individuals 

with different dementia types and severities while considering a broader range of outcomes. 

Moreover, research implications from this review 34 suggest that general PA guidelines may not 

be suitable for PwD. Further studies are needed to determine the most effective PA modalities, 

including frequency, intensity, and duration, tailored to different dementia types and severities. 

Identifying barriers and facilitators to adherence and matching PA programs with the 

preferences and needs of PwD are crucial. High-quality trials conducted in community settings 

and assessing relevant outcomes like cognition, Activities of Daily Living (ADLs), and quality 

of life are necessary. Additionally, investigating potential adverse events from aerobic exercise 
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in this population is essential. Ensuring methodological rigor in clinical trials and providing 

detailed information on trial processes and outcomes are vital for future research in this field.  

 

1.10. Physical Activity Adherence and Mediating Factors for Efficacy    

The effectiveness of PA interventions significantly relies on adherence, posing a notable 

challenge for older adults dealing with complex health issues, including increased 

comorbidities, reduced social support, higher levels of disability, vulnerable socioeconomic 

status and depression 35,36. Moreover, PwD face even greater hurdles in maintaining consistent 

PA participation, as reflected by dropout rates ranging from 50% to 97% in long-term care 

settings 37,38. To tackle these challenges and ensure the effectiveness of PA interventions, 

research has delved into a thorough understanding of the factors influencing PA participation, 

including barriers and facilitators. This understanding is crucial for maintaining PA levels in 

PwD. In 2016, a systematic review 39 examined barriers and facilitators to PA among PwD, 

identifying 35 barriers, 26 motivators, and 21 facilitators using the social-ecological model. 

Barriers at the intrapersonal level included physical and mental health issues, with strategies 

like personalized PA options and building trust suggested to overcome them. At the 

interpersonal level, dependency on caregivers and concerns about time constraints hindered PA, 

suggesting tailored activities and caregiver education as solutions. Community-level barriers 

such as transportation constraints were noted, advocating for innovative approaches like 

technology-based interventions and proactive communication to encourage PA among PwD. 

The recent update of the systematic review 40 identified new barriers, enablers, and motivators. 

At the intrapersonal level, low self-efficacy and lack of confidence were noted, requiring 

tailored interventions and professional support. Behavioural problem-solving was found to help 

overcome barriers, along with caregiver education and providing enjoyable experiences. 

Individual preferences and negative perceptions of PA were highlighted, emphasizing the need 

for personalized PA interventions. At the interpersonal level, lack of support and caregiver 

involvement were identified as key challenges. In nursing homes, understaffing and their doubts 

about PA hindered participation. Community-level barriers included inadequate content and 

supervision, requiring flexible interventions and effective instructional methods. Additionally, 

organizational barriers such as costs and collaboration issues were noted, underscoring the 

importance of accessible programs and staff support.  

While exhaustive reviews have explored barriers and facilitators to PA in PwD within the 

social ecological model, previous research lacked a scientific perspective with implementation 

frameworks, highlighting the ongoing need for a deeper understanding of barriers and 
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facilitators to bridge the gap between scientific evidence and practice in real-life settings and 

patient care 41. This requires addressing obstacles across different levels and considering factors 

like innovation nature, professional and patient attributes, and broader socio-economic context. 

41. For instance, the Consolidated Framework for Implementation (CFIR) was developed to 

ensure all relevant factors are considered during implementation, aiming to highlight factors 

influencing effective implementation within complex healthcare transformations 42. Unlike the 

social ecological model, the CFIR emphasizes the broader role of management in 

implementation, delineating separate domains for intervention organization and 

implementation processes, thus providing a clearer path between scientific findings and 

practical application 42. Despite its potential, little is known about how CFIR applies to PA 

initiatives among PwD, representing a significant gap in knowledge. 

 

2. CONCLUSIONS AND RESEARCH FOCUS  

Exploring effective ways to implement PA and successfully incorporate it into multicomponent 

interventions for PwD or those at increased risk presents significant challenges. This challenge 

include determining the effectiveness of PA on cognitive function in PwD, identifying 

mediating factors that encourage engagement and adherence to PA, and integrating 

implementation science frameworks to understand barriers and facilitators affecting the 

implementation of PA initiatives for PwD. 

 

2.1.  Challenges: 

Previous systematic review and meta-analysis revealed inconclusive evidence on the 

effectiveness of PA for cognitive function in PwD, indicating uncertainty. Substantial 

heterogeneity in study designs, participant profiles, and PA interventions adds complexity to 

result interpretation. Moreover, the evidence obtained was considered of very low quality, 

suggesting methodological weaknesses and undermines the confidence in the findings. Further 

high-quality research is needed to enhance the understanding of the impact of PA on cognition 

in older adults, particularly those with dementia or at risk of developing it. Additionally, a key 

challenge lies in effectively tailoring PA programs for PwD. General PA guidelines may not be 

suitable for PwD, highlighting the necessity for tailored PA modalities that consider factors 

such as frequency, intensity, and duration (PA dose responses). Studies should explore optimal 

PA responses tailored to different dementia types and severities, while considering 

methodological rigor and assessments.  
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Former studies have underscored significant challenges related to adherence to PA 

interventions in older adults, particularly in those with complex health conditions such as 

dementia. These challenges, including increased comorbidities, social limitations, higher 

disability levels, and notably high dropout rates, significantly affect the effectiveness of such 

interventions. Therefore, identifying barriers and facilitators to engaging and adhering to 

PA is crucial. By recognizing and addressing these mediating factors associated with PA 

engagement, programs can be better aligned with the preferences and needs of PwD, thus 

enhancing their participation and optimizing the cognitive and overall well-being benefits of 

PA. 

Another significant challenge lies in bridging the gap between scientific evidence and its 

practical implementation in real-life care settings. This entails understanding mediating 

factors through assessments that utilize implementation frameworks, such as the CFIR. 

This approach can provide a bridge between scientific evidence and practical application, 

defining distinct areas for interventions and implementing processes, offering a clearer roadmap 

for translating scientific insights into real-world practice. 

 

2.2. Research Objectives: 

To address these challenges, three specific research objectives (RO) are outlined: 

 

 RO1: Conduct a systematic review and meta-analysis to assess the effectiveness of PA 

interventions on cognitive function in PwD. Additionally, the research seeks to identify 

optimal PA dose responses tailored to PwD. 

 

 RO2: Identify mediating factors associated with PA at the 24-month follow-up among 

individuals at increased dementia risk, utilizing data from the AgeWell.de study, a 

pioneering cluster-randomized controlled trial in Germany. Understanding these mediating 

factors can aid in tailoring interventions to strengthen PA adherence and amplify its 

cognitive benefits for people at increased dementia risk. 

 

 RO3: Recognise mediating factors influencing the effective implementation of PA 

initiatives for PwD across Germany, utilizing the CFIR as the implementation framework. 

This effort aims to contribute to narrowing the gap between scientific evidence and practical 

application in real care settings by pinpointing areas for successful implementation, 

facilitating the translation of scientific insights into practice.  
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By addressing these research objectives, it is hoped to provide advancing knowledge on PA 

implementation for PwD or those at increased risk. This has the potential to significantly impact 

the optimization of PA integration into multimodal interventions and, ultimately, prevent 

cognitive decline and overall well-being of affected individuals. 

 

3. METHOD 

This dissertation presents a comprehensive evidence synthesis, integrating various 

methodological approaches to uncover comprehensive insights on optimal ways for effective 

PA implementation for PwD or those at increased risk. It encompasses a systematic review and 

meta-analysis, quantitative analyses, and qualitative interviews.  

 

3.1.  RO1 - What is the Effectiveness of PA Interventions on the Cognitive Function of 

PwD? 

We conducted a systematic review and meta-analysis to evaluate the effectiveness of PA 

interventions on cognitive function in PwD. Adhering to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines; we performed a thorough 

search of electronic databases, including PubMed, PsycINFO, and EMBASE, spanning from 

January 2000 to May 2020. Our search utilized keywords such as PA, dementia, cognition, and 

RCTs that assigned participants to either a PA group or a control group. Additionally, manual 

searches were conducted. Two independent reviewers screened titles, abstracts, and full-text 

articles, with discrepancies resolved by a third evaluator. Data extraction utilized a structured 

form, capturing detailed information on participant characteristics, intervention specifics, PA 

dose-responses, cognitive assessments, and outcomes. We conducted a random-effects meta-

analysis to assess cognitive function in PwD, pooling mean values and standard deviations due 

to outcome variability. Additionally, a qualitative analysis explored effective PA dose-response 

for enhancing cognitive function in PwD. Methodological quality was rigorously evaluated 

using the Effective Public Health Practice Project (EPHPP) Quality Assessment Tool for 

Quantitative Studies 43, supplemented by a further assessment guided by Forbes et al.'s 

methodological recommendations 44. More details about the methodological procedure can be 

found in Cardona et al. (2021) 45.  
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3.2.  RO2 - What are the Mediating Factors Associated with PA Engagement among 

Individuals at Increased Risk of Dementia at a 24-month Follow-up? 

The quantitative analysis used data from the AgeWell.de study, the first cluster-randomized 

controlled trial in Germany to assess a multicomponent intervention in older adults at risk of 

dementia. The AgeWell.de study included within the multimodal intervention a standard PA 

training program with home-based exercises targeting individuals aged 60-77 with a CAIDE 

(Cardiovascular Risk Factors, Aging, and Incidence of Dementia) Dementia Risk Score ≥9. 

Data were collected through interviews and standard questionnaires. The dependent variable, 

regular PA engagement, was assessed using a self-developed questionnaire, based on Lippke et 

al. 46, participants were asked if they engaged in regular physical activity (≥2 days per week for 

30 minutes), with responses recorded as a dichotomous yes or no. Independent variables 

included sociodemographic information, medical conditions, cognitive status, depressive 

symptoms, performance in activities of daily living, health-related quality of life, alcohol 

consumption, smoking status, self-efficacy for PA, social support, and living area. To compare 

between-group differences in PA engagement at 24 months, we employed a repeated measures 

binary logistic model within a generalized estimating equations framework. Subsequently, a 

tree analysis was conducted to identify mediating factors associated with changes in PA after 

the intervention. In light of the dichotomous nature of the dependent variable, which entailed 

binary outcomes of "yes" or "no," decision tree analysis was selected as the preferred method 

for data analysis. Decision tree analysis is particularly suitable for handling categorical 

outcomes, effectively capturing nonlinear relationships between predictor variables and binary 

outcomes. This approach was considered appropriate for exploring associations and identifying 

potential mediators within the context of the dichotomous dependent variable. Additional 

information regarding the methodological approach is available within Cardona et al. 2024 47. 

 

3.3.  RO3 - Which Mediating Factors, Identified through the CFIR, Influence the 

Successful Implementation of PA Initiatives for PwD? 

Qualitative interviews were conducted to explore multilevel barriers and facilitators mediating 

implementation of PA initiatives among PwD, utilizing the CFIR. This framework comprises 

five domains (characteristics of individuals, process, intervention characteristics, inner setting 

level, and outer setting level) correlated with successful implementation across various levels, 

providing a multi-layered structure to identify crucial obstacles and facilitators for effective PA 

interventions for PwD. Additionally, interviews took part within the "Sport bewegt Menschen 

mit Demenz" project, proposed by The German Olympic Sports Confederation (DOSB) and the 
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German Alzheimer's Association (DAlzG). This project tested PA initiatives for PwD in four 

German sports associations from October 2020 to June 2022. Twenty-one project leaders and 

sports trainers from the four participating sports associations were purposively recruited, and 

semi-structured interviews were conducted via videoconference due to COVID-19 restrictions. 

Data collection and analysis were guided by CFIR, utilizing conventional qualitative content 

analysis with deductive and inductive approaches. The coding framework was developed based 

on CFIR constructs and interview data. For a deeper understanding of the methodological 

process, refer to Cardona et al. (2023) 48.  

 

4. RESULTS  

In the results section, the study undercovers some key findings. Firstly, it aims to reveal insights 

into the effectiveness of PA on the cognitive function of PwD, potentially identifying whether 

recent RCTs have improved methodological quality and yielded more conclusive results in this 

area 45. Secondly, the study expects to identify mediating factors from the AgeWell.de study 

data associated with PA engagement at 24-month follow-up among individuals at increased 

dementia risk 47. Lastly, it seeks to elucidate multilevel barriers and facilitator factors affecting 

the successful implementation of PA initiatives in PwD, based on CFIR. These findings aim to 

provide a deeper understanding of implementation strategies for PwD 48. 

 

4.1.  RO1 - What is the Effectiveness of PA Interventions on the Cognitive Function of 

PwD? 

 

4.1.1. Study Selection  

A total of 5204 results were obtained from electronic and manual searches, with an additional 

four articles from hand searches 45. After screening and removal of duplicates, 22 studies were 

included in the systematic review out of 324 full-text screened studies. The study selection 

process is illustrated in Figure 2 following PRISMA guidelines 49.  
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Figure 2. PRISMA flow diagram for trials included and excluded from the systematic review 

 

4.1.2. PA Intervention Characteristics 

The review included 2371 dementia participants (Table 1), nearly half had mixed Alzheimer's 

(47.8%), 30.4% had only AD, and 21.7% had unspecified dementia. Baseline Mini-Mental State 

Examination (MMSE) scores (mean = 17.1, SD = 3.6) indicated mostly moderate dementia 

(47.8%). Institutionalized participants were 60.9%, and 39.1% lived in the community. About 

78.3% of studies used MMSE and/or Alzheimer's Disease Assessment Scale-Cognitive 

Subscale (ADAS-Cog) for cognitive function, with 60.9% including additional cognitive tests. 

Measurements were pretest and posttest only (43.5%), with some adding mid-intervention 

(30.4%) and long-term follow-ups (26%). Control groups received usual care (43.5%), social 

visits (26.1%), recreational activities (21.7%), relaxation exercises (4.3%), and daily therapist 

conversations (4.3%). Experimental groups did various physical activities, mostly combining 

aerobic and strength exercises (60.9%), for 15-120 minutes per session, usually 30-60 minutes 

(78.3%), 2-7 times per week, mostly three times (39.1%). Interventions lasted 3-6 months 

(56.5%), with moderate (30.4%), light (26.1%), and moderate to vigorous (21.7%) intensity. 

Adherence rates were reported in 65.2% of RCTs, mostly "good" (56.5%, 59%-93%).  
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Table 1. Evidence from included RCTs describing PA interventions. 

Study 
Participants 

 

IG 

(n) 

CG 

(n) 

Dementia 

Severity 

Baseline 

MMSE 

IG CG 

Length 

Frequency 

Duration 

PA 

Modality 
PA Intensity Cognitive Assessment Follow up 

Adherence 

Rate 

PA Impact 

on 

Cognition 

Karssemeijer 
et al., (2019) 50 

115/AD, VaD, 

MD/MMSE score ≥ 

17/community-dwelling 

IG1: 

38 
IG2: 

38 

39 

22.9 

Mild 

dementia 

IG1: cognitive and aerobic 

bicycle training 
IG2: Cycling on a stationary 

bike 

Relaxation and 
flexibility exercises 

30–50 min, 3× 
week, 12 weeks 

Combined 

cognitive 

and PA 
training 

Only aerobic 

training 

Light intensity 
IG: 41.8% and 

43.5% of 

maximal HR 
 

MMSE; TMT Part B; 

SCWT; Letter Fluency; 

Rule Shift Cards 
Test; WAIS-III (Digit 

Span); WMS-III 

(Spatial Span); LLT-R 

12 and 24 
weeks 

Good 

adherence 

(85.4%) 

− 

Huang et al., 
(2019) 51 

80/UD/MMSE score not 
specified/care facility 

40 40 

20.76 

Mild 

dementia 

Tai-Chi exercises 

Routine treatments 

and personalized 

daily care 

20 min, 3× 

week, 10 

months 

Combined 
PA training 

Moderate 

exercise 

intensity 

MMSE; MoCA; WHO-
UCLA-AVLT; TMT 

5 and 10 
months 

Good 

Adherence 

(%NR) 

+*f 

Lamb et al., 

(2018) 52 

494/AD, MD, VaD, 
UD/MMSE score ≥ 

10/community-dwelling 

329 165 
21.8 
Mild 

dementia 

Supervised Gym program: 

Static cycling, arms and legs 
strength training 

Unsupervised prescribed 

Home program 

Usual Care 

60–90 min, 2x 

week, 4 months. 

Plus 60 min, 
weekly PA at 

home 

150 min each 
week 

Combined 

PA training 

Vigorous 

intensity 
ADAS- Cog 12 months 

Good 
adherence 

(65%) 

− 

Henskens et 

al., (2018) 53  

87/AD, VaD, Mixed VaD 
and AD, UD/ MMSE 

score <24/care facility 

IG1: 
21 

IG2: 

22 
IG3: 

22 

22 
12.27 
Severe 

dementia 

IG1: ADLs training 

IG2: Multicomponent PA 
training: Strength seated 

upper, lower extremities and 

torso exercises. Outdoor 
walking 

IG3: multicomponent PA and 

ADLs training 

Care as usual and 
social activity 

intervention 

30–45 min, 3× 

week, 6 months 

Combined 

PA training 

Progressive 

increase 

intensity 
 

MMSE; SIB-S; GIT 
(fluency subtest); WAIS 

(digit Span Task 

Backward); go-no-go 
test; FAB (conflicting 

instructions test) 

3 and 6 

months 

Poor 
adherence 

(%NR) 

− 

Toots et al., 

(2017) 54 

186/AD, VaD, MD; 

UD/MMSE 
score ≥10/care facility 

93 93 

15.0 

Moderate 
dementia 

Exercise program for limb 

strength, balance, and 
mobility 

Structured activities 
(e.g., singing, 

reading) 

 

45 min, 5 

sessions per 

two-week 
period, 4 

months 

Combined 

PA training 

Vigorous 

intensity 
 

ADAS- Cog; MMSE; 

and VF 

4 and 7 

months 

Good 

adherence 
(71.5%) 

− 

Öhman et al., 

(2016) 55 

210/AD/MMSE score not 

specified/community-

dwelling 

IG1:70 

IG2:70 
70 

18.0 

Moderate 

dementia 

IG1: Home-base with 
physiotherapist supervision 

IG2: Group-based in a day 

care centre 

Both implemented aerobic, 

balance, strength and dual-

tasking training 

Usual community 

care 

60 min, 2x 

week, 12 

months 

Combined 
cognitive 

and PA 

training 

NR CDT; CDR, and MMSE 
3, 6, and 

12 months 

Good 

adherence 

(81%) 

+*a 

Kim et al., 
(2016) 56 

38/AD/MMSE score 
≤20/care facility 

19 19 

14.8 

Moderate 

dementia 

Multicomponent intervention 

+ stretching, lower-limb 
aerobic exercises using 

TERASUERUGO 

Multicomponent 

intervention: art and 
social activities 

 

60 min, 5x 
week, 6 months 

Combined 

cognitive 
and PA 

training 

Moderate 

intensity 
40–60% of the 

maximum HR 

ADAS- Cog, MMSE, 
and CDT 

6 months 

Good 

adherence 

(100%) 

− 
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Cancela et al., 

(2016) 57 

189/UD //MMSE score 

not specified/care facility 
73 116 

15.05 
Moderate 

dementia 

Cycling sessions 

Recreational 

activities (e.g., 

card-playing, 
craftwork) 

15 min, daily, 

15 months 

Only aerobic 

training 
Light intensity MMSE; FOME 

3, 6, 9, 12, 
and 15 

months 

Poor 
adherence 

(%NR) 

+ 

Hoffmann et 

al., (2015) 58 

200/AD/MMSE score 

≥19/community-dwelling 
107 93 

24.0 
Mild 

dementia 

Strength training of lower 

extremities and exercises in 

ergometer bicycle, cross 
trainer, and treadmill 

Treatment as usual 
60 min, 3× 

week, 16 weeks 

Combined 

PA training 

Moderate to 

vigorous 
intensity. 70–

80% of 

maximal HR 

SDMT; ADAS-Cog; 

SCWT; incongruent 

score; verbal fluency; 
MMSE 

16 weeks 
Good 

adherence 

(84%) 

− 

Bossers et al., 

(2015) 59 

109/AD, VaD, MD, UD// 

MMSE score ≥9 and 

≤23/Care facility 

IG1: 
37 

IG2: 

36 

36 

15.6 

Mild 

dementia 

IG1: Two strengthening and 

two walking sessions per 

week 

IG2: Four walking sessions 

per week 

Social visits 

30 min, 36 
individual 

sessions, 9 

weeks 

Combined 
PA training 

Only aerobic 

training 

Moderate to 
vigorous 

intensity 

 

MMSE; WMS-R; 

RBMT; SCWT; animals 

and professions 

9 and 18 

weeks 

Good 

adherence 

(89.2%) 

+*ae 

Yang et al., 

(2015) 60 

50/AD, VaD/MMSE score 
≥10 and ≤24 /community-

dwelling 

25 25 
20.66 
Mild 

dementia 

Cycling training Health education 
40 min, 3× 

week, 3 months 

Only aerobic 

training 

Vigorous 

intensity 

70% of 
maximal HR 

MMSE; ADAS-Cog 3 months NR + 

Cheng et al., 

(2014) 61 

110/AD, VaD, 

UD/MMSE score ≥10 and 
≤24/Care facility 

IG1:36 

IG2: 
39 

35 

18.8 

Moderate 
dementia 

IG1: Cognitive stimulation-
board game Mahjong 

IG2: 12-Form Yang style 

Tai-Chi 

Simple handcrafts 
60 min, 3× 

week, 3 months 

Combined 

PA training 
NR 

MMSE; Forward and 

backward digit 
sequence/digit span; 

delayed recall 

Categorical verbal 
fluency 

3, 6, and 9 

months 

Good 

adherence 
(%NR) 

+ 

Vreugdenhil, 

et al., (2012) 62 

40/AD/MMSE score ≥10 

and ≤28/community-

dwelling 

20 20 

22.0 

Mild 

dementia 

Aerobic walking, 

strengthening and balance 

training 

Usual treatment 
30 min, 5x 

week, 4 months 

Combined 

PA training 

 

Moderate 

intensity 
ADAS- Cog, MMSE 4 months NR + 

Venturelli, et 
al., (2011) 63 

21/AD// MMSE score ≥5 
and ≤15/Care facility 

12 11 

12.5 

Severe 

dementia 

Walking program 

Daily organized 

activities (e.g., 
bingo, music 

therapy) 

30 min, 4x 
week, 24 weeks 

Only aerobic 
training 

Moderate 
intensity 

MMSE 24 weeks 

Good 

adherence 

(93.4%) 

− 

Kemoun et al., 

(2010) 64 

31/AD/MMSE score ≤23 

/care facility 
16 15 

12.8 

Severe 
dementia 

Articular mobilization and 
muscle stimulation trough 

walking, equilibrium, 

stamina, and dancing 

No PA participation 
60 min, 3× 

week, 15 weeks 

Combined 

PA training 

Moderate 
intensity 

60% and 70% 

of maximal HR 

French RECF 15 weeks NR +* 

Steinberg et 
al., (2009) 65 

27/AD/MMSE score 
≥10/community-dwelling 

14 13 

17.7 

Moderate 

dementia 

Home-based program, 

caregivers instructed during 

visits on daily walking, 
strength training of major 

muscle groups, balance and 

flexibility 

Home safety 
assessment 

120 min per 

visit, 3 visits, 12 

weeks 

Combined 
PA training 

Moderate 
intensity 

MMSE, BNT, HVLT 
6 and 12 
weeks 

Good 

adherence 

(59%) 

+ 

Eggermont et 
al., (2009a) 66 

97/UD/MMSE score ≤10 
and ≥24/care facility 

51 46 

17.7 

Moderate 

dementia 

Walking program 
Received social 

visits 
30 min, 5x 

week, 6 weeks 
Only aerobic 

training 
Self-selected 

speed 

RBMT (face and picture 

recognition test); eight 

words test; digit span 
from the WMS-R; 

category fluency and 

letter fluency 

6 and 12 
weeks 

NR − 
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Eggermont et 

al., (2009b) 67 
 

61/UD/MMSE score ≤10 

and ≥24/care facility 
23 24 

17.7 

Moderate 
dementia 

Hand motor activity (finger 

movements, pinching, 
handling rubber rings, etc.) 

Read aloud 

program 

30 min, 5x 

week, 6 weeks 

Hand 

movement 
training 

NR 

RBMT; Digit Span from 

the WMS-R; category 

fluency; Stop Signal 
task; and Attention 

Network Test 

6 and 12 

weeks 
NR − 

Miu et al., 
(2008) 68 

85/AD, VaD, MD, 

UD/MMSE score ≥10 and 

≤26/community-dwelling 

36 49 

18.9 

Moderate 

dementia 

Treadmill, bicycle, and arm 
ergometer training 

Social visits and 

discussions on 
health-related 

topics 

45–60 min, 2x 
week, 3 months 

Only aerobic 
training 

NR MMSE and ADAS-Cog 

3-, 6-, 9-, 
and 12-

months 

post 
training 

Good 

adherence 
(%NR) 

 

− 

Christofoletti 

et al., (2008) 69 

41/AD and MD// MMSE 

score no specified/care 

facility 

IG1: 

12 

IG2: 

12 

17 

14.0 

Moderate 

dementia 

IG1: Interdisciplinary 

program with strength, 

balance and cognition 

training 
IG2: Physiotherapy session 

No motor 

intervention 

120 min, 5x 

week, 6 months 

60 min, 3× 

week, 6 months 

Combined 

PA training 
NR 

MMSE and Brief 

Cognitive Screening 

Battery 

6 months NR − 

Stevens & 

Killeen, 

(2006) 70 

75/AD, UD/MMSE score 
≥10 and ≤23/care facility 

24 

CG1: 

30 
CG2: 

21 

15.0 

Moderate 

dementia 

Gentile aerobic exertion of 

joints and large muscle 

groups 

CG1: no 

intervention 

CG2: Social visits 

30 min, 3× 
week, 12 weeks 

Only aerobic 
training 

Light intensity MMSE, and CDT 12 weeks NR + 

Van de 

Winckel et al., 
(2004) 71 

25/AD, VaD/MMSE score 

≤23/care facility 
15 10 

12.0 

Severe 
dementia 

Training while sitting focus 
on upper and lower body 

strengthening, balance, trunk 

movements, and flexibility 

Daily one-to-one 

conversation with 
therapist 

30 min, daily, 3 

months 

Combined 

PA training 
NR MMSE and ADS-6 

6 weeks 

and 3 
months 

NR +* 

Intervention Group (IG); Control Group (CG); Alzheimer’s disease (AD); Mixed dementia (MD); Vascular dementia (VaD); Undefined dementia (UD); Not reported (NR); Activities of Daily Living 

(ADLs); Heart Rate (HR); Mini Mental state Examination (MMSE); Amsterdam Dementia screening test 6 (ADS 6); Clock-Drawing test (CDT); The Alzheimer’s Dis-ease Assessment Scale-Cognitive 

Subscale (ADAS-Cog); The Stroop Colour and Word Test (SCWT); Le Rivermead Behavioural Memory Test (RBMT); Rapid Evaluation of Cogni-tive Function (French ERCF); The Frontal 

Assessment Battery (FAB); Wechsler Adult Intelligence Scale (WAIS); Wechsler Memory Scale Revised (WMS-R); Rivermead Behavioural Memory Test (RBMT); Symbol Digit Modalities Test 

(SDMT); Fuld Object Memory Evaluation (FOME); Verbal Fluency, Clinical Dementia Rating (CDR); Verbal fluency (VF); Se-vere Impairment Battery-Short From (SIB-S); Groninger Intelligence 

Test (GIT); Montreal Cognitive Assessment (MoCA); WHO-University of California Los Angeles-Auditory Verbal Learning test (WHO-UCLA-AVLT); Trail Making Test (TMT); Location Learning 

Test—Revised (LLT-R); Boston Naming Test (BNT); Hopkins Verbal Learning Test (HVLT). Effects on cognition; (+) = improvement; (*) = significant improvement; (-) = No improvement; (a) = 

improvement in executive functions; (b) = improvement in episodic memory; (c) = improvement in working memory; (d) = Improvement in focus and attention; (e) = improvement in visual memory; 

(f) = improvement in naming and abstract.
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4.1.3. Effectiveness of PA Interventions on the Cognitive Function of PwD  

An overview of global cognition outcomes derived from the MMSE findings revealed that most 

studies exhibited a significant difference in MMSE mean scores when compared to the control 

group (refer to Table 2).   

 

Table 2. Summary measures (Mean, SD, t, and p of MMSE Scores). 

 Control Group PA Intervention   

Authors Mean SD n Mean SD n t p 

Huang et al., (2019) 51 19.47 5.73 38 21.17 5.47 36 1.304 0.196 

Lamb et al., (2018) 52 23.8 10.4 137 25.2 12.3 278 1.145 0.252 

Henskens et al., 53 9.4 5.8 16 11.6 6.5 16 1.010 0.320 

Öhman et al., (2016) 55 17.17 7.29 59 17.02 7.18 51 −0.108 0.913 

Hoffmann et al., (2015) 58 23.9 3.9 88 23.9 3.4 102 0.000 1.000 

Bossers et al., (2015) 59 15.17 4.5 36 17.16 4.33 37 1.926 0.058 

Yang et al., (2015) 60 19.54 3.43 25 22.83 2.75 25 3.742 0.000 

Cheng et al., (2014) 61 18.5 1.4 35 19.4 1.4 39 2.761 0.007 

Vreugdenhil, et al., (2012) 62  19 7.7 20 23.9 5 20 2.387 0.022 

Venturelli, et al., (2011) 63  6 2 10 12 2 11 6.866 < 0.000 

Kemoun et al., (2010) 64 23.23 8.37 15 30.38 7.66 16 2.489 0.019 

Eggermont, et al., (2009a) 66 0.2 0.63 46 0.24 0.78 51 0.276 0.783 

Eggermont, et al., (2009b) 67 0.47 0.97 31 0.07 0.37 30 −2.114 0.038 

Miu et al., (2008) 68 19.2 4.2 28 17.4 5.7 24 −1.308 0.196 

Christofoletti et al., (2008) 69 14.8 1.3 17 20.2 1.6 12 10.017 < 0.000 

Van de Winckel, et al., (2004) 71 11.5 5.21 9 14.4 4.4 15 1.460 0.158 

 

4.1.4. Meta-Analysis  

An analysis comprising sixteen RCTs was undertaken, left out studies lacked data on mean 

outcomes indicative of global cognition measured by the MMSE in their published reports. 

Within this meta-analysis, PA interventions demonstrated a moderate effect size of 0.4803 

(95% CI = 0.1901–0.7704) on the cognitive function of PwD (Figure 3). Notably, substantial 

heterogeneity was observed among the studies (I2 = 86%, p < 0.0001). In examining potential 

publication bias, a funnel plot analysis revealed evidence of skewness or asymmetry, suggesting 

possible bias across the sixteen studies (Figure 4).  
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Figure 3. Effects of PA on the cognitive function of PwD. 
 

 

 
 

Figure 4. A funnel plot of the included studies. 

 

4.1.5. Quality Assessment  

The assessment using the EPHPP Quality Assessment Tool showed that most studies had 

quality scores ranging from strong to moderate (see Table 3). Notably, strengths are observed 

in confounders, data collection methods, withdrawals and dropouts, intervention integrity, and 

analyses, with the majority of studies scoring strong in these areas. However, some variability 

exists in selection bias and blinding, with a relatively equal distribution across strong, moderate, 

and weak categories. In addition, weaker scores often were linked to factors like small sample 

sizes 56,60,63-65,71 and the absence of withdrawal and dropout reports 60,69,70. Studies with stronger 

quality scores tended to feature larger sample sizes (>100 participants) 50,52,54,55,57,59,61,72.    
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Table 3. Methodological quality assessment EPHPP Quality Assessment Tool for Quantitative 

Studies. 

Study 

 Quality Assessment Tool for Quantitative Studies   

Overall 

Score 

 
Selection 

Bias 

Study 

Design 

 

Confounders Blinding 

Data 

Collection 

Methods 

Withdrawals 

and 

Dropouts 

Intervention 

Integrity 
Analyses 

Karssemeijer et 

al., (2019) 50 

 
1 1 1 2 1 1 1 1 1 

Huang et al., 

(2019) 51 

 
2 1 1 2 1 1 1 1 1 

Lamb et al., 

(2018) 52 

 
1 1 1 2 2 1 1 1 1 

Henskens et al., 
53 

 
2 1 1 2 1 1 1 1 1 

Toots et al., 

(2017) 54 

 
1 1 1 2 1 1 1 1 1 

Öhman et al., 

(2016) 55 

 
1 1 1 2 1 1 1 1 1 

Kim et al., 

(2016) 56 

 
3 1 1 2 1 1 1 1 2 

Cancela et al., 

(2016) 57 

 
1 1 1 2 1 1 1 1 1 

Hoffmann et 

al., (2015) 58 

 
1 1 1 2 1 1 1 1 1 

Bossers et al., 

(2015) 59 

 
1 1 1 2 1 1 1 1 1 

Yang et al., 

(2015) 60 

 
3 2 1 3 2 3 1 1 3 

Cheng et al., 

(2014) 61 

 
1 2 1 3 2 1 1 1 2 

Vreugdenhil, et 

al., (2012) 62 

 
2 1 1 2 1 1 1 1 1 

Venturelli, et 

al., (2011) 63 

 
3 2 1 2 1 1 1 1 2 

Kemoun et al., 

(2010) 64 

 
3 2 1 2 1 1 1 1 2 

Steinberg et al., 

(2009) 65 

 
3 2 1 2 1 2 1 1 2 

Eggermont, et 

al., (2009a) 66 

 
2 1 1 2 1 1 1 1 1 

Eggermont et 

al. (2009b) 67 

 
2 2 1 2 1 1 1 1 1 

Miu et al., 

(2008) 68 

 
2 1 1 2 2 2 1 1 1 

Christofoletti et 

al., (2008) 69 

 
2 1 1 2 1 3 2 1 2 

Stevens & 

Killeen, (2006) 
70 

 

2 1 1 3 1 3 1 1 3 

Van de 

Winckel, et al., 

(2004) 71 

 

3 1 1 2 1 1 1 1 2 

 

1 = Strong; 2 = Moderate; 3 = Weak. 

 

4.1.6. Quality Assessment Based on Insights from Previous Review 

The results of our supplementary quality assessment, guided by Forbes et al.'s methodological 

recommendations 44, offer insights into additional methodological aspects (refer to Table 4). 

Specifically, it was found that a significant proportion of studies did not fully incorporate 

certain critical elements. For instance, a majority of studies failed to implement measurements 

throughout the intervention period and conduct long-term follow-ups. Furthermore, a notable 
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number of studies did not provide clear descriptions of PA intensity or target dementia types. 

However, despite these deficiencies, there were positive findings as well. All studies effectively 

described the type of PA used, and a majority incorporated comprehensive cognitive measures 

that assessed not only global cognition but also other specific cognitive domains and targeted 

dementia stages. These contrasting results underscore the need for more standardized and 

comprehensive methodological approaches in PA interventions for PwD to ensure more 

conclusive and robust outcomes regarding their cognitive effects. 

 

Table 4. Assessing Integration of Previous Methodological Review Recommendations. 

Study 

Implementation 

of 

Comprehensive 

Cognitive 

Measures 

Implementation 

of Measurements 

Throughout the 

Intervention 

Period 

Long-

Term 

Follow-

Up 

Measure 

Target 

Dementia 

Type 

Target 

Dementia 

Stage 

Provide and Describe PA 

Characteristics of the Intervention Total Number of 

Incorporated 

Recommendations 
Describe 

PA Type 

Describe 

PA 

Duration 

Describe 

PA 

Frequency 

Describe 

PA 

Intensity 

Karssemeijer et al., 

(2019) 50 
+ −  (+) − (+) + + + + 5 

Huang et al., (2019) 
51 

+ (+) − − + + + + − 5 

Lamb et al., (2018) 52 − (+) − − (+) + + + + 4 

Henskens et al., 
(2018) 53 

+ (+) − − − + + + (+) 4 

Toots et al., (2017) 54 (+) − (+) (+) (+) + + + + 4 

Öhman et al., (2016) 
55 

(+) + − + − + + + − 5 

Kim et al., (2016) 56 (+) − − + (+) + + + + 5 

Cancela et al., (2016) 
57 

(+) + − − − + + + (+) 4 

Hoffmann et al., 

(2015) 58 
+ − − + + + + + + 7 

Bossers et al., (2015) 
59 

+ − (+) − (+) + + (+) + 4 

Yang et al., (2015) 60 − − − − (+) + + + + 4 

Cheng et al., (2014) 61 + − + (+) (+) + + + − 5 

Vreugdenhil, et al., 

(2012) 62 
− − − + (+) + + + − 4 

Venturelli, et al., 

(2011) 63 
− − − + + + + + − 5 

Kemoun et al., (2010) 
64 

− − − + − + + + + 5 

Steinberg et al., 

(2009) 65 
+ (+) − + (+) + + − − 4 

Eggermont, et al., 
(2009a) 66 

+ − (+) − (+) + + + − 4 

Eggermont et al. 

(2009b) 67 
(+) − (+) − (+) + + + − 3 

Miu et al., (2008) 68 − − + − (+) + + + − 4 

Christofoletti et al., 

(2008) 69 
− − − − (+) + + + − 3 

Stevens & Killeen, 

(2006) 70 
(+) − − − (+) + + + − 3 

Van de Winckel, et 

al., (2004) 71 
− (+) − − − + + + − 3 

 

Total number of 

studies that fully or 

partial incorporated 

the recommendation 

14 7 7 9 17 22 22 21 10  

 

+ = fully incorporated; (+) = partly incorporated; - = Not incorporated. 
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4.1.7. Qualitative Analysis Exploring Effective PA Dose-responses for Enhancing 

Cognitive Function in PwD 

Advances in research methodology, particularly with larger sample sizes included in recent 

trials 50,52,54,55,57,59,61,72, signify progress in understanding effective PA dose-response for 

enhancing cognition in PwD. Regarding the type of PA, interventions used three PA 

approaches: single PA training (cardiovascular or strengthening), combined (cardiovascular 

and strengthening), and PA with cognitive training. According to Bossers et al. 59, combining 

aerobic and resistance training improved executive and memory functions, recommending this 

combination for cognitive enhancement. Öhman et al. 55 attributed executive function 

improvements to dual-tasking and combined PAs at home, suggesting frontal lobe 

enhancement. Studies revealed varied PA effects, with session durations from fifteen to one 

hundred and twenty minutes, weekly frequencies from two to seven times, and total lengths 

from less than three months to over twelve months. Longer durations showed more positive 

effects. For instance, Öhmann et al. 55 found improved executive functions with a 12-month PA 

program among community-dwelling PwD. Similarly, Hoffmann et al. 58 observed PA benefits 

on executive function after at least six months. Conversely, Toot et al. 54 noted a four-month 

program was insufficient for cognitive changes. Kassermeijer et al. 50 found no significant 

effects from exergaming training, possibly due to its short 12-week duration. Trial interventions 

varied in PA intensity, with most being moderate, followed by light and vigorous levels, but 

consensus on the ideal intensity is lacking. Karssemeijer et al. 50 found no significant cognitive 

effects with light intensity interventions for mild dementia. The Dementia and PA trial 52 using 

moderate-to-high intensity PA did not yield positive outcomes either. Lamb et al. 52 cautioned 

against high-intensity exercise for dementia patients due to worsened cognitive decline. Toots 

et al. 54 also found no significant differences with high-intensity training.  

 

4.2.  RO2 - What are the Mediating Factors Associated with PA Engagement among 

Individuals at Increased Risk of Dementia at a 24-month Follow-up?  

 

4.2.1. Between-group Differences in PA Engagement at 24-months Follow-up 

An analysis using generalized estimating equations revealed no significant differences in PA 

behaviour at 24 months follow-up between the control and experimental groups (P = .674) of 

the AgeWell.de study 47. Despite the lack of significant differences, changes in PA behaviour 

were observed. Figure 5 illustrates four distinct states of PA changes from baseline to follow-

up between groups. Specifically, 52.7% of intervention group participants became physically 
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active after the intervention, compared to 47.3% in the control group. Additionally, a higher 

proportion of participants in the control group showed a decrease in PA after the intervention 

(56.4%) compared to the intervention group (43.6%). 

 

Figure 5. Between-groups changes in PA engagement from baseline to follow-up 

 

4.2.2. Mediating Factors for Changes in PA Engagement from Baseline to Follow-up 

We used decision trees to explore factors affecting changes in PA engagement at follow-up, 

visually represented in Figure 6. The algorithm splits the dataset into smaller groups, forming 

a tree-like structure where each endpoint (node) represents similar characteristics. By following 

the branches, we can identify the main factors influencing PA changes. Our analysis identified 

self-efficacy as the most influential factor for PA changes at 24-month follow-up (p<.001). 

Variations between baseline and follow-up self-efficacy scores were categorized into five 

groups (Nodes 1-5 in figure 6). Positive scores indicate increased self-efficacy, while negative 

scores indicate decreased self-efficacy. Nodes 1-3 show that negative self-efficacy differences 

(≤-6 to 0 points) decrease the likelihood of becoming active, whereas nodes 4-5 indicate that 

positive differences (0 to ≥5 points) increase this likelihood. Nodes 6-7 reveal a significant link 

between gender and negative self-efficacy differences (p=.0029). Men with declining scores 

tend to remain inactive, while women are less likely to stay inactive. Node 8 shows individuals 

with diabetes and negative self-efficacy differences (p= .012) are more likely to remain inactive, 

while node 9 shows this likelihood decreases among those without diabetes. Nodes 10-11 

indicate a significant relationship between increased self-efficacy scores (0 to 5 points) and 

group condition (control or intervention, p=.009). Intervention group participants with 

increased self-efficacy are more likely to become regularly active compared to the control 

group.
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Figure 6. Decision tree analysis mediating factors associated with PA changes at follow-up
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4.2.3. Mediating Factors for PA Engagement at Follow-up 

A second decision tree analysis (Figure 7) confirmed self-efficacy's significant impact on 

regular PA engagement at follow-up (p=0.019). Decreased self-efficacy scores reduced regular 

PA likelihood from 47.5% to 29.5%, while scores above -4.5 points increased it to 50.4%. 

Higher education and positive self-efficacy changes raised regular PA likelihood from 50.4% 

to 64.4%. Among these individuals, lower social support decreased PA likelihood from 64.4% 

to 59.2%. For those with lower education, regular PA likelihood dropped from 50.4% to 45.5%. 

Alcohol consumption also affected PA. Increased intake (>2.03g/day) among low/intermediate 

education individuals reduced regular PA likelihood from 54.5% to 46.8%. 

 

Figure 7. Decision tree analysis for regular PA engagement at follow-up 
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Decision tree analysis identified key factors affecting PA at 24 months follow-up among those 

at increased risk of dementia: self-efficacy scores, gender, diabetes status, education levels, 

social support, and alcohol consumption. Decreased self-efficacy reduced PA engagement. Men 

with lower self-efficacy scores were more likely to remain inactive than women. Diabetes and 

low self-efficacy increased inactivity likelihood and lower education levels correlated with 

reduced regular PA. Increased alcohol consumption was linked to lower PA engagement. These 

findings highlight the need for targeted interventions for high-risk individuals. 

 

4.3.  RO3 - Which Mediating Factors, Identified through the CFIR, Influence the 

Successful Implementation of PA Initiatives for PwD? 

The qualitative interviews conducted with sports trainers and project leaders engaged in the 

DOSB project revealed a range of critical factors influencing the effective implementation of 

PA initiatives for PwD within German sports associations 48. Barriers and facilitators were 

categorized into five themes based on the CFIR framework: characteristics of individuals, 

process, intervention characteristics, inner setting, and outer setting factors facilitating or 

hindering implementation effectiveness (refer to Figure 8). 

 

 

Figure 8. Barriers and facilitators for effective implementation of PA initiatives among 

people with dementia according to the CFIR framework 
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4.3.1.  Characteristics of Individuals 

The majority of project leaders and sports trainers, who were the primary participants in the 

interviews, exhibited positive beliefs about the project, viewing it as necessary and feeling 

empathetic towards the population. They demonstrated high motivation and confidence in their 

ability to work with PwD, attributing their assurance to previous training on dementia and PA, 

support from project organizers, and prior work experience. However, uncertainties among PA 

trainers arose due to pandemic restrictions and low participant numbers. 

4.3.2. Process 

A significant portion of participants emphasized the significance of well-defined processes in 

both planning and implementing the project. Sports associations, trainers, and organizing 

institutions (e.g., DOSB, DAlzG) incorporated detailed implementation plans with methods, 

project concepts, objectives, milestones, and schedules. Additionally, they appointed internal 

leaders, individuals specifically responsible for overseeing the project within the sports 

associations, facilitating coordination efforts to ensure the initiatives were carried out. 

However, the lack of quantitative or qualitative progress assessment posed a barrier, particularly 

because participants indicated that these evaluative processes exceeded financial and work 

force capacities. 

4.3.3. Intervention Characteristics 

The interviews revealed key project characteristics that eased its execution. Project leaders and 

sports trainers perceived the PA project among PwD as beneficial within their sports 

associations, recognizing their adaptability to meet current member needs. Furthermore, project 

leaders and sports trainers’ positive perception of the project source (e.g., DOSB, DAlzG), 

which provided financial support and access to expertise and training opportunities, played a 

crucial role in supporting their implementation. However, complexities arose due to low 

participation rates, societal stigma towards dementia, the complexity of disease characteristics 

or symptoms, and pandemic-related challenges. Consequently, promoting and communicating 

the existence of these PA initiatives for PwD posed significant challenges. Participants noted 

the substantial effort required introducing the project within sports clubs and the difficulty in 

engaging participants due to persistent fears associated with dementia.   

4.3.4. Inner Setting 

The successful implementation of PA initiatives was also influenced by certain characteristics 

of sports associations. Notably, a positive implementation climate was observed within these 

associations, indicating compatibility of the project with existing norms, values, and operational 

methods. Additionally, a culture of learning was fostered through the provision of training and 
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educational support to sports trainers on topics related to dementia and PA. However, some 

barriers hindered progress, including a low prioritization of the topic dementia and sport, 

limited communication between working groups within the associations, a lack of exchange 

between sports trainers and board members, and concerns regarding resource availability for 

the long-term sustainability of the project. 

4.3.5. Outer Setting 

The outer setting also played a significant role in the existence of such PA initiatives for PwD. 

Participants recognized the instrumental role of external policies, such as the national dementia 

plan, in enabling and promoting such project, while also emphasizing the significance of 

external incentives, as funding from external organizations provided the necessary resources 

for these PA initiatives. Furthermore, participants mentioned that networking with external 

structures remains necessary for creating sustainable proposals, particularly in addressing 

financial, training-related or engagement challenges.  

These findings comprehensively explore mediating factors affecting the implementation of 

PA initiatives for PwD, particularly within the context of sports associations in Germany. They 

provide insights understanding obstacles and facilitators at different levels, considering factors 

such as the nature of the initiative, sport trainers and patient attributes, and the broader context.  

These insights allow for tailoring interventions to the specific needs of PwD, aiming to be 

successful and foster lasting positive changes in PA participation. The integration of scientific 

implementation frameworks like CFIR enhances the practicality and effectiveness of 

identifying key aspects necessary for implementing PA interventions in real-world scenarios 

for this group. This contributes to narrowing the evidence-practice gap by providing clearer 

insights into barriers and facilitators for PA. 

 

5. DISCUSSION 

In the dissertation's discussion section, a synthesis of diverse methodologies provides possible 

optimal strategies for PA interventions in dementia. The study reveals: a) a literature update on 

PA effectiveness on cognitive function in dementia; b) insights on PA modalities and doses for 

PwD; c) mediating factors associated with PA engagement at 24-month follow-up; and d) 

mediating factors for successful implementation of PA interventions among PwD in Germany, 

based on the CFIR implementation framework. Study findings correspond with existing 

literature, providing novel insights fort further exploration.  
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5.1.  RO1 - What is the Effectiveness of PA Interventions on the Cognitive Function of 

PwD? 

The novelty of our findings lies in the comprehensive evaluation of twenty-two RCTs 

investigating effectiveness of PA interventions on PwD cognition, providing fresh insights and 

complementing existing evidence with previously unexplored RCTs. The meta-analysis 

indicates a medium-size effect of PA interventions on cognitive function in PwD 45. While 

methodological challenges and heterogeneity across studies persist, recent trials reveal 

advancements in more robust designs by including larger sample size, suggesting progress in 

the field and the potential for more reliable findings. These recent studies, with greater statistical 

power, specifically addressed various mediating factors influencing intervention outcomes, 

such as the type of PA, dose-response relationship, intensity, and adherence to interventions. 

Combining aerobic, strength, and cognitive tasks was found to yield more benefits compared 

to single PA interventions, supporting the effectiveness of integrating cardiovascular and 

resistance training with cognitive tasks. Additionally, longer durations of PA interventions, 

lasting at least 12 months, showed more positive effects on cognitive function. However, the 

ideal intensity for cognitive effects in dementia remains uncertain. Studies vary in 

implementing moderate, light, and vigorous PA interventions. However, no consensus exists 

on which intensity level is optimal. Some studies found no significant effects on cognitive 

function with light or moderate-to-high intensity PA interventions. In fact, studies stated that 

high-intensity aerobic and strength exercises may even worsen cognitive decline in some cases, 

possibly due to associated inflammation and inadequate oxygen supply. Recommendations 

suggest avoiding excessive vigorous intensities and monitoring heart rates to prevent 

complications among patients. Further research is needed to determine the role of intensity in 

mediating PA effects on cognition in dementia patients. Adherence to PA interventions also 

played a crucial role in their success, and addressing factors such as motivation and awareness 

of PA benefits was essential to improve adherence and address high withdrawal rates in trials. 

Factors such as unattractiveness of PA and limited institutional support also contributed. 

Initiating and maintaining PA in older adults requires overcoming barriers and receiving social 

support. Future research efforts should persist in acknowledging and addressing PA adherence 

to enhance the robustness of their investigations and achieve more conclusive insights into the 

impact of PA on cognition. In summary, our study highlights the importance of considering 

multiple factors and addressing adherence to elucidate effective strategies for implementing PA 

in PwD. Given the methodological heterogeneity among studies, it is advisable to interpret these 

results with caution, as the effects of PA on cognition remain uncertain. Additional research 
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with robust methodological designs is  needed, especially in further exploring ideal types, doses, 

intensities, and adherence to PA. Moreover, according to included studies, future studies should 

investigate alternative exercises, incorporate exergaming with cognitive training, consider long-

term home-based training, and examine individual characteristics of participants to better 

understand the benefits of PA for cognition in PwD.  

 

5.2.  RO2 - What are the Mediating Factors Associated with PA Engagement among 

Individuals at Increased Risk of Dementia at a 24-month Follow-up?  

Our study provides  insightful findings regarding the mediating factors influencing PA 

engagement among individuals at increased dementia risk, offering valuable implications for 

the development of effective implementation strategies 47. The results highlight that self-

efficacy emerges as the primary factor influencing changes in PA participation at 24-month 

follow-up. Positive self-efficacy correlated with a higher likelihood of adopting or maintaining 

PA, while a decrease in self-efficacy was associated with a lower likelihood of PA engagement. 

These findings align with existing literature, emphasizing the crucial role of self-efficacy in 

promoting and adhering to PA 73. Self-efficacy, the belief in one's capability to succeed 74, is 

crucial for maintaining motivation in PA. However, older adults face significant obstacles in 

meeting PA recommendations due to misconceptions about aging, injury concerns, and fears of 

physical decline 73. Additionally, those with chronic health issues encounter further obstacles 

such as limited exercise options, reduced confidence, fear of falling, lack of will power, 

difficulty accessing safe exercise information, and time management challenges 73,75. Given 

these challenges, it is vital for PA programs targeting older adults to address psychological 

factors like self-efficacy. By enhancing self-efficacy, especially among those at increased 

dementia risk, these programs can empower individuals to overcome barriers and engage in 

regular PA.  

Our study also explores other factors influencing PA engagement among individuals at 

increased dementia risk, such as gender differences, indicating that men with lower self-efficacy 

scores tend to remain physically inactive compared to women. This suggests a potential need 

for gender-specific approaches in intervention strategies. Furthermore, individuals with 

diabetes and lower self-efficacy scores are found to have a higher probability of remaining 

physically inactive, underscoring the importance of tailored interventions to address specific 

health factors, especially in populations with conditions like diabetes. Additionally, the analysis 

reveals a correlation between higher education levels, positive changes in self-efficacy scores, 

and increased likelihood of regularly engaging in PA. Conversely, individuals with lower 
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education levels demonstrate a decrease in PA participation probability, emphasizing the 

necessity for interventions tailored to different demographic groups. Lastly, increased alcohol 

consumption is identified as negatively affecting the adoption of PA behaviours. 

Overall, our study sheds light on the multifaceted influences on PA engagement among 

individuals at increased dementia risk. These insights underscore the importance of targeted 

interventions not only to enhance self-efficacy but also to address various factors such as 

gender-specific needs, health conditions like diabetes, education levels, and lifestyle factors 

such as alcohol consumption. Recognizing and addressing these mediating factors is crucial for 

developing effective strategies aimed at promoting PA and mitigating the risk of dementia in 

this demographic. By doing so, programs can better align with the preferences and needs of the 

target population, thus enhancing their participation in PA. 

Despite the longitudinal nature of the study, where differences between pre and post 

measurements of the variables of interest were analysed, decision tree analysis uncovers 

patterns and associations rather than definitive cause-and-effect relationships. While this 

methodology provides valuable insights, it is essential to interpret the results cautiously and 

consider additional methods to assess causality effectively.  

 

5.3.  RO3 - Which Mediating Factors, Identified through the CFIR, Influence the 

Successful Implementation of PA Initiatives for PwD? 

Our study delves into mediating factors driving the successful implementation of PA initiatives 

for PwD within German sport associations and their clubs. These organizations hold significant 

influence in the lives of many Germans from a young age, providing continuous sporting 

opportunities that serve as crucial environments for promoting PA engagement. Through the 

CFIR, we identified barriers and facilitators across five key themes: individual characteristics, 

process, intervention characteristics, inner setting, and outer setting 48. By systematically 

addressing these factors, we offer valuable insights for developing strategies to increase PA 

participation among PwD and ensure the long-term sustainability of these initiatives. This 

research serves as a crucial step towards translating scientific insights into actionable practices 

that can effectively promote the health and well-being of PwD, while also contributing to 

bridging the gap between scientific evidence and its practical implementation in real-world 

settings. Our findings hold particular relevance for project leaders and sports trainers within 

German sport associations, offering practical guidance for successfully implementing PA 

initiatives within their respective organizations and communities. Furthermore, our 
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examination of mediators within this context not only yields fresh insights but also holds 

promise for guiding future interventions with far-reaching impact. 

Building upon our exploration of mediating factors, particularly facilitators, within this 

context, our study highlights the crucial elements that contribute to the successful 

implementation of PA initiatives for PwD. Regarding characteristics of individuals, positive 

attitudes, high motivation, and self-efficacy of project leaders and sports trainers were crucial. 

Their confidence and dedication, supported by training and organizational backing, played a 

vital role in the success of PA initiatives for PwD. This reinforces the literature's view that 

individual actions and attributes are central to effective project implementation 42. Thus, future 

interventions should select and train individuals who exhibit these traits or can develop them 

through training programs. Additionally, fostering an environment that encourages confidence 

and dedication through continuous support, mentorship, and recognition is important. 

Organizational support and ongoing training are critical to ensure that leaders and trainers are 

well equipped. Finally, personalizing strategies to support individual strengths and address 

areas for improvement will enhance the effectiveness of these interventions. At the process 

level, the successful implementation of the PA initiatives was linked to thorough planning and 

designated leaders, including project coordinators from sport associations and sports trainers. 

Detailed planning and clear leadership roles significantly enhance success, minimizing 

challenges and maximizing effectiveness 76. Future PA interventions should prioritize 

meticulous planning and well-defined leadership roles. Designating appointed leaders ensures 

effective coordination, continuous monitoring, and quick adaptation to challenges, ultimately 

benefiting the effectiveness of PA initiatives. At the intervention level, our study revealed that 

sports trainers recognized the project's benefits and adaptability, emphasizing the importance 

of sports clubs expanding their offerings and being more inclusive as the population ages and 

memory problems become more prevalent among club’s members. This acknowledgment of a 

growing need highlights the essential nature of these initiatives and their potential for success, 

aligning with literature suggesting that projects adaptable to specific community needs are more 

likely to succeed 76,77. Consequently, future PA interventions for PwD should prioritize 

adaptability and flexibility to address specific community needs, particularly those associated 

with memory challenges. This emphasis on adaptability underscores the vital role of responsive 

program design in maximizing the effectiveness of future PA interventions for PwD. 

Furthermore, participants identified external organizational support and ensured resource 

availability as facilitators. Organizations such as DOSB and DAlzG provided crucial support 

for the project, positively influencing participant perception and laying essential groundwork 
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and resources for execution within sports associations. The availability of resources from 

external organizations facilitated successful project implementation. This is consistent with 

literature indicating that positive perceptions, whether the project is developed externally or 

internally, significantly influence effective implementation 76,78. These findings stress the need 

for securing external support and resources for future PA interventions for PwD. Strong 

partnerships with relevant external organizations and ensuring resource access are crucial for 

effectiveness. Cultivating positive participant perceptions, whether the project is internally or 

externally developed, is essential. This requires clear communication and collaboration with all 

stakeholders involved in implementing PA interventions for PwD. At the inner setting level, 

participants highlighted the importance of project compatibility with existing working 

processes, norms, and values, meeting the needs of association members. Literature suggests 

that organizational support and alignment with organizational culture significantly impact 

intervention success 42. Therefore, the success of future initiatives for PwD relies on alignment 

with existing processes and strong sports associations support. This underscores the importance 

of designing interventions that consider organizational culture, while also emphasizing the need 

to foster strong collaborations and set clear expectations within sports associations to maximize 

impact. Additionally, fostering a supportive learning environment with PA and dementia 

training opportunities was identified as a facilitator for implementation. Creating such an 

environment is crucial for long-term success, as it enables tailored training programs for 

leaders, expanding the pool of skilled, motivated, self-confident, and dementia-sensitive sports 

trainers. These qualities are essential for effectively implementing PA initiatives in PwD. At 

the outer setting level, participants highlighted the crucial role of strong external networks, 

such as the support from DOSB and DAlzG, in project implementation. They also emphasized 

the importance of national policies, like Germany's national dementia plan, in supporting and 

financing dementia-related initiatives. These findings align with literature suggesting that 

external support aids the adoption and sustainability of new practices within organizations 42. 

This underscores the need for building strong external networks and seeking support from 

relevant organizations for future PA initiatives targeting PwD. Additionally, advocating for 

supportive national policies can facilitate the financing and sustainability of these initiatives. 

However, alongside these facilitators, our study also uncovered significant barriers that 

pose challenges to the successful implementation of PA initiatives for PwD. Regarding 

characteristics of individuals, project leaders and sports trainers faced project uncertainties 

due to pandemic restrictions and low participation rates. The pandemic introduced unique 

challenges, including mobility restrictions and health concerns, which greatly affected PA 
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initiatives for PwD. These findings highlight the need for flexibility and adaptability in the 

planning and execution of future projects. Furthermore, at the process level, a lack of evaluative 

processes was evident due to workforce resource constraints. The implications of this for future 

PA interventions are significant. Without proper evaluation mechanisms, it becomes 

challenging to measure the impact and effectiveness of interventions accurately. To address 

this, it is imperative to allocate sufficient resources to personnel and establish comprehensive 

evaluative procedures. Doing so will ensure continual assessment and enhancement of PA 

interventions in the future. Concerning intervention characteristics, the development of PA 

initiatives for PwD presented a notable level of complexity, primarily driven by factors such as 

stigma-induced low participation, reduced motivation for PA in PwD, and limited awareness of 

PA benefits among PwD. This complexity underscores the necessity for inclusive approaches 

and tailored strategies to overcome these barriers in future PA interventions. Initiatives focused 

on raising awareness, providing education, and fostering supportive environments are crucial 

to encourage active participation and enhance outcomes of PA interventions for PwD. At the 

inner setting level, sports associations tended to prioritize other health topics over dementia, 

resulting in a lack of emphasis on dementia awareness. Communication among working groups 

within these associations was also constrained, with concerns arising about the availability of 

resources and funding to sustain initiatives beyond the project's duration. The tendency of sports 

associations to prioritize health topics over dementia highlights the need for continue raising 

dementia awareness. Improved communication within these associations is vital, along with 

securing sustainable funding for future interventions aimed at promoting PA among PwD. 

Similarly, in the outer setting, participants mentioned that there was a lack of sustainable long-

term networks as well as sustained long-term financing to maintain the PA initiatives. Future 

PA interventions for PwD require sustainable networks, secured financing, capacity building, 

policy advocacy, and robust monitoring. These efforts aim to ensure effectiveness, inclusivity, 

and improved outcomes. 

6. OUTLOOK  

The findings of this study provide a comprehensive understanding of the factors influencing the 

effectiveness and implementation of PA interventions for PwD or at increased dementia risk. 

This synthesis highlights practical implications, future research directions, study limitations, 

potential impacts, and implementation strategies, alongside summarizing the research findings 

and their broader significance. 
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 Practical Implications 

The study underscores several key aspects crucial for designing and implementing effective PA 

interventions for PwD. Enhancing self-efficacy among participants is identified as a primary 

factor influencing PA engagement. Practical steps include tailored motivational strategies, 

education about the benefits of PA, and creating supportive environments that encourage 

sustained participation. Additionally, recognizing the role of gender, education levels, and 

health conditions in PA engagement allows for more personalized and effective intervention 

designs. These tailored approaches are essential for promoting sustained PA, particularly 

among those at increased dementia risk. 

 

 Research Findings and Methodological Insights 

The research revealed that PA has a moderate impact on cognitive function in PwD, although 

there is considerable variability among studies. Aerobic, strength, and cognitive tasks combined 

offer the most benefits, especially with interventions lasting at least 12 months. However, the 

optimal intensity remains uncertain, and high-intensity exercises could potentially worsen 

cognitive decline. Adherence to PA is crucial, with motivational and institutional support being 

key factors. This comprehensive evaluation suggests that taking these factors into account could 

lead to more effective PA strategies for enhancing cognition in PwD, though further 

investigation is needed to solidify these findings. 

 

 Future Research Directions 

Future research should focus on determining the optimal types, intensities, and durations of PA 

that most benefit cognitive function in PwD. Exploring innovative PA modalities, such as 

integrating exergaming and cognitive training, and long-term home-based training programs is 

essential. Understanding the ideal intensity of PA and investigating the long-term effects and 

sustainability of interventions are crucial. Additionally, research should explore how 

demographic factors influence outcomes to develop more inclusive and effective PA programs. 

 

 Study Limitations and Improvements 

The study acknowledges limitations such as methodological heterogeneity and varying sample 

sizes across studies. Addressing these limitations in future research through robust designs, 

larger sample sizes, and standardized methodologies is essential. Comprehensive evaluation 

mechanisms are crucial for accurately measuring the impact and effectiveness of interventions. 

Longitudinal studies with rigorous evaluative procedures will contribute to a deeper 
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understanding of PA's role in mitigating cognitive decline. Furthermore, involving PwD in 

future studies will help include their perspective, ensuring more comprehensive and effective 

intervention designs. 

 

 Potential Impact and Implementation Strategies 

Integrating PA into multimodal approaches for dementia care holds significant promise. By 

expanding our understanding of how PA can mitigate cognitive decline, this research informs 

public health strategies and potentially improves the quality of life for PwD. Effective 

implementation of PA interventions requires meticulous planning, clear leadership roles, and 

strong external support. Programs should address stigma, motivational barriers for PA in PwD, 

and provide continuous training for project leaders and sports trainers. Emphasizing 

adaptability in intervention design ensures that programs can meet the specific needs of PwD. 

Building strong external networks and securing sustainable funding are also vital for long-term 

implementation. 

Overall, by addressing the factors identified in the research, future PA interventions for 

PwD can be more effective and sustainable. This foundational overview sets the stage for 

bridging current research and practice gaps in dementia prevention and care. The insights 

gained underscore the necessity for targeted, evidence-based strategies to optimize PA 

interventions, ultimately contributing to better cognitive health outcomes for PwD. Through 

ongoing research and practical application of these findings, we can advance towards more 

effective, inclusive, and sustainable PA initiatives that support the well-being of PwD. 
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1 . Introduction 

Recent findings indicate that the population has been rapidly ageing during the last century due to 

improvements in health care, increase in life expectancy, and decrease in fertility rates [1]. As people age, body 

organs, tissues, and cells undergo change. Histological studies have shown that ageing affects the central nervous 

system (CNS) since it experiences neuroanatomical alterations, including an overall reduction in brain activity 

[2,3]. Therefore, changes and damage in the CNS are worrisome, due to its decisive role in controlling and 

coordinating essential functions of the body, including cognitive functions [4]. The physiological characteristics 

of dementia, an umbrella term for multiple neurodegenerative diseases [5], has been linked to the severe 

degeneration of brain cells and synapses in certain areas of the CNS, including the temporal, parietal and frontal 

cortices [6]. Damage in these areas manifests itself through memory and learning deficits [6]. In addition, 

dementia affects emotional regulation, social functioning, and activities of daily living [5]. According to the World 

Health Organization [7], there are 47 million 

Copyright: © 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and 

conditions of the Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 
4.0/). 
1 Deutsches Zentrum für Neurodegenerative Erkrankungen (DZNE), Site Rostock/Greifswald, 

Ellernholzstr. 1–2, 17489 Greifswald, Germany; adel.afi@dzne.de (A.A.); rene.thyrian@dzne.de (J.R.T.) 
2 Sport and Exercise Sciences Research Unit, University of Palermo, 90133 Palermo, Italy; lakinem89@gmail.com 
3 Institute for Community Medicine, University Medicine Greifswald, Ellernholzstraße 1–2, 17489 Greifswald, Germany 
*  Correspondence: mariaisabel.cardona@dzne.de; Tel.: +49-383-486-7593; Fax: +49-383-4861-9551 

Abstract: Background: Physical activity (PA) has emerged as an alternative nonpharmacological approach to 

effectively address the effects of dementia. The primary aim was to identify and summarize PA 

interventions and their effects on cognitive function among persons with dementia (PwD). Methods: A 

systematic review was conducted with a meta-analysis using different electronic databases, such as 

PubMed, Embase, APA PsycNET, and the Web of Science. The identified and selected studies were 

randomized controlled trials (RCTs) that were written in English, published between 2000 and 2020, and 

implemented among PwD who received a PA intervention and whose cognitive function was measured at 

baseline and during a follow-up. Results: Twenty-two PA intervention studies met the eligibility criteria and 

showed a medium-size effect on the cognitive function of PwD, 0.4803 (95% CI = 0.1901–0.7704), with a 

high percentage of heterogeneity (I2 = 86%, p Ѕ 0.0001). Moreover, this review complements other reviews 

by including eight studies that have not previously been considered. Overall, studies have methodological 

limitations. However, six studies implemented in the past five years have shown more robust 

methodological designs, including larger sample sizes and more comprehensive measurement tools. 

Conclusion: It is not yet possible to draw a conclusion on the ideal PA intervention for this population due 

to the high proportion of heterogeneity within the included studies. More emphasis is needed on the 

intensity of PA monitoring and adherence to such programs. 
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people with dementia worldwide today, and it is expected that by 2030 this number will rise to 75 million and in 

2050 to 135 million. Considering dementia’s impact, researchers have concentrated efforts to minimize the burden 

associated with this disease by studying dementia risk factors and evidence-based dementia prevention and 

treatments [8]. 

The causes of dementia onset are not fully understood, but notably, the mechanism 

underlying dementia is associated with abnormal protein deposits that coexist with 

neurovasculature at different stages of the disease, which affect the functioning of the 

brain [9]. Depending on the type of dementia, different protein accumulations are 

observed. For instance, alpha-synuclein protein is linked to Lewy body dementia, 

whereas beta-amyloid and tau proteins are both related to Alzheimer’s disease (AD), 

the most common form of dementia. Inadequate blood flow can lead to vascular 

dementia [9]. Other non-modifiable factors linked to dementia include age, sex, 

inflammation, and comorbidity, and genetic, environmental, and lifestyle factors [10]. 

Particularly in recent years, substantial epidemiological studies have provided evidence 

for lifestyle-related risk factors that trigger the development of dementia [11–13]. In 

light of this, the Lancet Commission presented a model describing nine modifiable risk 

factors (e.g., physical inactivity) that may contribute as much as 35% to the risk of 

dementia across the lifespan. Thus, by modifying these risk factors, one has a higher 

chance of preventing or delaying dementia progression [14]. 

In particular, PA during midlife and late life has been considered a cognitive 

reserveenhancing factor associated with a decreased risk of developing dementia 

[11,12,14]. This is mainly because regular PA improves the strength of cells and tissues 

to respond to oxidative stress, vascularization, and energy metabolism and also allows 

neurotropic effects through neurotrophic factor (BDNF) concentrations, which 

contribute to brain plasticity, memory improvement, neurogenesis, and synaptic 

plasticity [15]. These processes attenuate for the loss of brain tissue while the brain is 

ageing [14]. Thus, PA is linked with the concept of increased cognitive reserve, which 

indicates the brain’s resilience. Persons who present this condition are more likely to 

cope with nervous system tissue damage without cognitive degeneration [14]. 

Moreover, the positive effects of PA on cognition appear to be influenced by preventing 

cardiovascular risk factors (e.g., obesity, hypertension, diabetes) which, at the same 

time, are linked with greater probability of dementia progression [16]. Additionally, 

neuroimaging methods add further evidence of the impact of PA on brain activity and 

cognitive function [16]. For instance, an enlarged level of connection was detected 

between the default mode network (DMN), which is a control structure widely known 

to be responsible for introspection and memory retrieval, after PA training [17]. 

Precisely, animal models of Alzheimer’s disease (AD) illustrate that PA is an effective 

way to positively modify pathophysiological processes, including β-amyloid (Aβ) burden, 

tau phosphorylation, and neuronal loss [18]. 

In this way, PA plays a crucial role in the healthcare system. Including preventive and 

care strategies for dementia that promote resilience and healthy lifestyles, such as PA, 

may delay the onset and progression of dementia [14]. PA is understood “as any bodily 

movement produced by skeletal muscles that require energy expenditure above and 

beyond resting energy expenditure (one metabolic equivalent = 1 MET) and it can be 

undertaken in many different ways: walking, cycling, sports and active forms of 

https://doi.org/10.3390/ijerph18168753
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recreation” [19]. Additionally, PA can be classified into different intensity levels: light 

(1.6–2.9 MET), moderate (3–5.9 MET) and vigorous (І6 MET), each of which are based 

on the subjective intensity perception of an individual. Thus, this classification denotes, 

through MET values, the energy expenditure and/or the amount of oxygen consumed 

while sitting or performing a PA [20]. 

Although the positive effects of exercise on cognition in older adults have been 

researched, the influence of PA on cognitive function of PwD is still not well understood 

[16]. Scientific intervention studies have emerged to provide evidence for the efficacy 

of PA as a cognitive reserve-enhancing factor and to assess its potential in delaying 

cognitive decline in PwD. In two recent meta-analyses, [21,22] considering evidence up 

to 2018, one showed that 13 RCTs with 673 subjects diagnosed with AD presented 

statistically significant improvements in cognition after participating in PA interventions 

(SMD = 1.12 

CI: 0.66~1.59) [21]. The second meta-analysis [22] involved 13 RCTs with 659 subjects 

with AD and reported that PA had a positive effect on cognitive function among persons 

with 

AD (p = 0.003). Overall, previous reviews have reported that PA might positively affect 

the cognition of PwD given its potential to delay cognitive impairment. However, these 

studies revealed inconclusive results associated with methodological issues and 

heterogeneity. Such conclusions are in line with other reviews published in recent years 

[23,24]. For instance, Forbes et al. [25] stated that no clear evidence was found 

regarding the effects of PA on cognitive activity (95% CI Ϻ0.05 to 0.92, p-value 0.08; 9 

studies, 409 participants) due to considerable heterogeneity (I2 value 80%) and deficient 

quality of the reported evidence. 

Therefore, in order to obtain more conclusive results, multiple reviews [21–25] have 

emphasized that new trials should address methodological barriers by including larger 

sample sizes [21–24] and other strategies as follows: providing standardized 

intervention characteristics [21,24]; providing more information about randomization 

processes, blinding, attrition rates, and adverse events [25]; conducting different 

measurements throughout the intervention period [23]; implementing long-term 

follow-up measures [21–23]; using improved and more sensitive cognitive measures 

[23]; targeting the type of the disease [24]; targeting stage of the disease [22]; 

separately assessing subjects with Alzheimer’s disease and vascular dementia [24]; 

including different types of PA [23]; and ensuring that the control group does not 

perform the same amount of PA as the experimental group [23]. 

Although the effects of PA on dementia patients’ cognition have been widely studied 

over the last few years, it remains unclear whether these recommendations have been 

integrated into the latest trials and whether increasing methodological quality 

influences the homogeneity of the results obtained, particularly since the last existing 

meta-analyses [21,22] mostly included studies conducted before 2015. Therefore, we 

wanted to provide an update concerning the latest occurrences regarding the new RCTs 

implemented in the field. 

2. Objective 
2.1. Primary Objective 

To identify the effects of PA interventions on cognitive function in individuals diagnosed 

with dementia compared to those in the control group. 
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2.2. Secondary Objective 
To recognize if recent PA interventions address methodological barriers reported in 

previous reviews and provide clearer conclusions about the effects of PA on cognition in 

PwD. 

3. Materials and Methods 
3.1. Methodological Approach 
To have clear guidance while conducting the systematic review, we followed the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) set of 

items to report systematic reviews and meta-analyses [26]. 

3.2. Criteria for Inclusion 
Studies were considered eligible if they were RCTs in which participants were randomly 

assigned to a PA group or a control group. The exercise group required implementing a 

PA program, including strength, aerobic, and balance exercises, as well as interventions 

combining physical and cognitive exercises for improving the cognitive performance in 

PwD. In addition, there was no time restriction; interventions could cover any length 

and duration. In contrast, the control group consisted of usual care, social activities, or 

handicrafts. Moreover, participants had to be diagnosed utilizing valid criteria, including 

the Mini-Mental State Examination [MMSE] (cut-off scores for MCI Ѕ 24, Ѕ21, and Ѕ19); 

the Montreal Cognitive Assessment [MoCA] (cut-off scores for MCI were Ѕ25, Ѕ24) [27]; 

the Diagnostic and Statistical Manual of Mental Disorders [28]; the National Institute of 

Neurological and Communicative Disorders and Stroke; and the Alzheimer’s Disease and 

Related Disorders Association [29], or ICD-10 [30]. All forms of dementia diagnosis and 

severity were included. Trials measured cognitive function with a neuropsychological or 

cognitive test at baseline and follow-up. Finally, studies that were published in English 

between 2000 and 2020 were included. The primary outcome involved individuals with 

dementia and addressed their cognitive function. 

3.3. Criteria for Exclusion 
Studies excluded were pilot RCTs, systematic reviews, meta-analyses, study protocols, 

and conference publications. Studies were also excluded if the intervention was 

targeted at participants with mild cognitive impairment, PA training was implemented 

without assessing cognition, or multimodal interventions were conducted without a PA 

component. 

3.4. Search Strategy 
A search strategy was conducted on two different occasions (January and May 2020). 

Moreover, the search was performed for RCTs studying the efficacy of PA in four 

different databases: PubMed, Embase, APA PsycNET, and the Web of Science from the 

1st of January 2000 until May 2020. To obtain the search results, we combined relevant 

English keywords such as physical activity, dementia, cognition, and RCTs (see 

Supplementary Materials— Additional File S1 for full electronic search). Furthermore, in 

May 2020, we performed an additional hand search screening of pertinent studies’ 

bibliographies to identify articles that the initial search strategy did not recognize. Two 

independent reviewers (MC and AA) conducted this search, screened initial titles and 

abstracts, and retrieved the full text of potential papers. A third author was consulted 

when discrepancies emerged. 
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3.5. Study Selection 
Initially, titles and abstracts were imported to EndNote; then, they were screened, and 

duplications or studies that were determined as irrelevant were omitted. Subsequently, 

full-text articles from the possible pertinent studies were screened in detail. At this 

point, studies that met the inclusion criteria were included. All data were independently 

scanned and selected by two reviewers. In the case of discrepancies, a third evaluator 

was consulted. 

This process for selecting studies is shown in the PRISMA flow diagram in Figure 1 [26]. 

3.6. Data Extraction 
A data extraction sheet was designed to provide accurate data on PA programs 

among PwD. Information regarding participants, dementia severity at baseline 

according to the Mini-Mental State Examination (MMSE), the intervention group, the 

control group, lengthfrequency-duration, PA intensity, cognitive assessment, follow-up, 

adherence rate, and the impact on cognition was documented in a tabular form. 

Moreover, the means and standard deviations were extracted from global cognition 

measurements at baseline and at the end of the study. A t-test was used to determine 

statistical significance for global cognition. In some studies, this data was not available. 

Hence, corresponding authors were contacted, and those who did not respond were 

not considered for inclusion in the analyses. 
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Figure 1. PRISMA flow diagram for trials included and excluded from the systematic review [15]. 

3.7. Synthesis of Results 
A random-effect meta-analysis was carried out to evaluate global cognition 

outcomes in PwD due to heterogeneity among the studies. Furthermore, considering 

that studies reported continuous outcomes, assessed at baseline and follow-up, we 

pooled means and standard deviations. 

Moreover, a qualitative synthesis of the results was performed to understand what 

kind of PA components might be most effective in improving cognitive function among 

PwD. This summary is articulated based on the content characteristics and 

methodological aspects of PA interventions and their effects on the cognition of PwD. 

3.8. Methodological Quality Assessment 
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Two independent reviewers (MC and AA) assessed the risk of bias of the included trials 

using the Effective Public Health Practice Project (EPHPP) Quality Assessment Tool for 

Quantitative Studies [31], considering sections A to F (A. selection bias; B. study design; 

C. confounders; D. blinding; E. data collection method; and F. withdrawals and 

dropouts). According to the instrument dictionary, each of these components were 

rated using the codes “strong”, “moderate” and “weak”. An overall strong score was 

given when there were no weak ratings, a moderate overall score when there was one 

weak rating, and a weak overall score when there were two or more weak ratings. 

Additionally, to provide a more detailed overview of the methodological aspects of the 

studies, we completed a systematic assessment based on previous review 

recommendations [21–24]. We included aspects such as the application of 

comprehensive cognitive measures [23], measurements throughout the intervention 

period [23], long-term followup [21–23], target dementia type [24], target dementia 

stage [24], and the provision of clear and available information on PA dose responses 

[21,24]. For this assessment, we counted and reported the number of 

recommendations fully incorporated into each study. An additional file shows more in 

detail previous reviews recommendations on methodological aspects (see 

Supplementary Materials—Additional File S2). 

4. Results 
4.1. Study Selection 
After conducting the electronic search in different databases using the established 

search terms, 5204 results were yielded. To this total amount, four articles from the 

hand search thought to be relevant were added. After screening titles and abstracts and 

removing duplicates, 4884 studies were excluded from further analysis. The remaining 

324 studies 

were selected for full-text screening. Of those, 302 articles did not meet the inclusion 

criteria. Therefore, 22 studies were included in the present systematic review. Figure 1 

illustrates the study selection process according to the PRISMA flow diagram [32]. 

4.2. Participants at Baseline 
This review presented studies with 2371 participants diagnosed with dementia (see 

Table 1). The included studies had sample sizes that ranged from 19 to 494 participants 

(M = 102.57, SD = 104.703). For dementia type, nearly half of the sample (47.8%) 

included subjects with AD combined with other dementia types, such as mixed 

dementia and vascular dementia [33–43]. Moreover, 30.4% included participants with 

AD [44–50], and 21.7% involved persons with undefined dementia [51–54]. Regarding 

dementia severity, the RCTs presented MMSE scores at baseline that ranged from 12.0 

to 24.0 (MS = 17.1, SD = 3.6). Thus, the majority of studies included participants with 

moderate dementia (47.8%) [33,34,36,38,40,45,47,48,51–53], followed by mild 

dementia (34.8%) [35,39,42,43,46,50,54] and severe dementia (17.4%) [37,41,44,49]. 

Finally, 60.9% of participants lived in institutions [33,36–38,40,41,43–45,49,51–56], 

while 39.1% resided in community dwellings [34,35,39,42,46–48,50]. 
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Table 1. Evidence from included RCTs describing PA interventions. 

    

Study Participants IG 
(n) 

CG 
(n) 

Dementia 
Severity 
Baseline 
MMSE 

IG CG 
Length 

Frequency 
Duration 

PA 
Modality 

PA 
Intensity 

Cognitive 

Assessment Follow up Adherence Rate PA Impact on 
Cognition 

Karssemeijer et 
al., 

(2019) [35] 

115/AD, VaD, 
MD/MMSE score І 

17/communitydwelling 

IG1: 38 
IG2: 38 39 

22.9 
Mild 

dementia 

IG1: cognitive and 
aerobic bicycle 
training 

IG2: Cycling on a 

stationary bike 

Relaxation and 
flexibility 

exercises 

30–50 min, 
3× week, 
12 weeks 

Combined 
cognitive and 
PA training 

Only 
aerobic 

training 

Light 
intensity IG: 
41.8% and 
43.5% of 
maximal 

HR 

MMSE; TMT 
Part B; SCWT; 
Letter Fluency; 

Rule Shift Cards 
Test; WAIS-III (Digit 
Span); 

WMS-III 
(Spatial Span); 

LLT-R 

12 and 
24 weeks 

Good 
adherence 

(85.4%) 
Ϻ 

Huang et al., 

(2019) [54] 

80/UD/MMSE score 
not 

specified/care facility 
40 40 

20.76 
Mild 

dementia 
Tai-Chi exercises 

Routine 
treatments 
and 

personalized 

daily care 

20 min, 3× 
week, 

10 months 

Combined PA 

training 

Moderate 

exercise 

intensity 

MMSE; MoCA; 
WHO-UCLA- 

AVLT; 
TMT 

5 and 
10 months 

Good 
Adherence 

(%NR) 
+*f 

Lamb et al., 

(2018) [42] 

494/AD, MD, 
VaD, 

UD/MMSE score І 
10/communitydwelling 

329 165 
21.8 
Mild 

dementia 

Supervised Gym 
program: Static 

cycling, arms and legs 
strength training 

Unsupervised 

prescribed Home 

program 

Usual Care 

60–90 min, 
2× week, 4 
months. 

Plus 60 min, 
weekly PA at 
home 

150 min each 

week 

Combined PA 

training 
Vigorous 

intensity ADAS- Cog 12 months 
Good 

adherence 
(65%) 

Ϻ 



 

 

 

Henskens et 
al., 

(2018) [37] 

87/AD, VaD, 
Mixed VaD and 

AD, UD/ 
MMSE score < 
24/care facility 

IG1: 21 
IG2: 22 
IG3: 22 

22 
12.27 

Severe 

dementia 

IG1: ADLs 
training IG2: 

Multicomponent PA 
training: 

Strength seated 
upper, lower 

extremities and torso 
exercises. 

Outdoor walking IG3: 
multicomponent 

PA and ADLs training 

Care as usual 
and social 
activity 

intervention 

30–45 min, 
3× week, 
6 months 

Combined PA 

training 

Progressive 

increase 

intensity 

MMSE; SIB-S; 
GIT (fluency 

subtest); WAIS 
(digit Span Task 

Backward); go-

no-go test; FAB 

(conflicting 

instructions test) 

3 and 
6 months 

Poor 
adherence 

(%NR) 
Ϻ 
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Study Participants IG 
(n) 

CG 
(n) 

Dementia 
Severity 
Baseline 
MMSE 

IG CG 
Length 

Frequency 
Duration 

PA 
Modality 

PA 
Intensity 

Cognitive 

Assessment Follow up Adherence Rate PA Impact on 
Cognition 

Toots et al., 

(2017) [38] 

186/AD, VaD, 
MD; 

UD/MMSE 
score І 10/care 

facility 

93 93 
15.0 

Moderate 

dementia 

Exercise program for 

limb strength, 

balance, and mobility 

Structured 
activities 

(e.g., singing, 

reading) 

45 min, 
5 sessions per 
two-week 

period, 
4 months 

Combined PA 

training 
Vigorous 

intensity 
ADAS- Cog; 

MMSE; and VF 
4 and 

7 months 

Good 
adherence 

(71.5%) 
Ϻ 

Öhman et 
al., 

(2016) [48] 

210/AD/MMSE score 
not 
specified/ 

community- 
dwelling 

IG1:70 
IG2:70 70 

18.0 

Moderate 

dementia 

IG1: Home-base with 
physiotherapist 

supervision 
IG2: Group-based 

in a day care 
centre 

Both implemented 
aerobic, balance, 

strength and dual-

tasking training 

Usual 

community care 

60 min, 
2× week, 

12 months 

Combined 

cognitive and 

PA training 
NR CDT; CDR, and 

MMSE 
3, 6, and 

12 months 

Good 
adherence 

(81%) 
+ * a 



 

 

 

Kim et al., 

(2016) [45] 

38/AD/MMSE score Ѕ 
20/care 

facility 
19 19 

14.8 

Moderate 

dementia 

Multicomponent 
intervention + 
stretching, 

lower-limb 
aerobic exercises 

using 
TERASUERUGO 

Multicomponent 
interven- 

tion: art and 

social activities 

60 min, 5× 
week, 

6 months 

Combined 

cognitive and 

PA training 

Moderate 
intensity 

40–60% of 
the 

maximum 
HR 

ADAS- Cog, 
MMSE, and CDT 6 months 

Good 
adherence 

(100%) 
Ϻ 

Cancela et 
al., 

(2016) [51] 

189/UD 
//MMSE score 

not 
specified/care facility 

73 116 
15.05 

Moderate 

dementia 
Cycling sessions 

Recreational 
activities 

(e.g., 

cardplaying, 

craftwork) 

15 min, daily, 
15 months 

Only 
aerobic 

training 

Light 

intensity MMSE; FOME 
3, 6, 9, 12, 

and 
15 months 

Poor 
adherence 

(%NR) 
+ 

Hoffmann et 
al., 

(2015) [46] 

200/AD/MMSE score І 
19/communitydwelling 107 93 

24.0 
Mild 

dementia 

Strength training of 
lower 

extremities and 
exercises in 

ergometer bicycle, 
cross trainer, and 

treadmill 

Treatment 

as usual 

60 min, 
3× week, 
16 weeks 

Combined PA 

training 

Moderate to 
vigorous 
intensity. 

70–80% of 
maximal 

HR 

SDMT; 
ADAS-Cog; 

SCWT; 
incongruent 
score; verbal 

fluency; MMSE 

16 weeks 
Good 

adherence 
(84%) 

Ϻ 
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Study Participants IG 
(n) 

CG 
(n) 

Dementia 
Severity 
Baseline 
MMSE 

IG CG 
Length 

Frequency 
Duration 

PA 
Modality 

PA 
Intensity 

Cognitive 

Assessment Follow up Adherence 

Rate 
PA Impact on 
Cognition 

Bossers et al., 
(2015) [43] 

109/AD, VaD, MD, 
UD// 

MMSE score І 
9 and Ѕ23/Care 

facility 

IG1: 37 
IG2: 36 36 

15.6 
Mild 

dementia 

IG1: Two 
strengthening and 
two walking 
sessions per week 
IG2: Four walking 

sessions per week 

Social visits 

30 min, 36 
individual 
sessions, 

9 weeks 

Combined 
PA training 

Only 
aerobic 

training 

Moderate to 

vigorous 

intensity 

MMSE; WMS-R; 
RBMT; SCWT; 

animals and 

professions 

9 and 
18 weeks 

Good 
adherence 

(89.2%) 
+ * ae 

Yang et al., (2015) [39] 

50/AD, 
VaD/MMSE score І 

10 and 
Ѕ24 

/communitydwelling 

25 25 
20.66 
Mild 

dementia 
Cycling training Health 

education 

40 min, 
3× week, 
3 months 

Only 
aerobic 

training 

Vigorous 
intensity 
70% of 

maximal 
HR 

MMSE; ADAS-

Cog 3 months NR + 



 

 

 

Cheng et al., (2014) [36] 

110/AD, VaD, 
UD/MMSE 

score І 10 and 
Ѕ24/Care facility 

IG1:36 

IG2: 39 35 
18.8 

Moderate 

dementia 

IG1: Cognitive 
stimulation-board 
game Mahjong 
IG2: 12-Form 
Yang style Tai-Chi 

Simple 

handcrafts 

60 min, 
3× week, 
3 months 

Combined PA 

training NR 

MMSE; Forward and 
backward 

digit 
sequence/digit 
span; delayed 

recall 
Categorical verbal 

fluency 

3, 6, and 
9 months 

Good 
adherence 

(%NR) 
+ 

Vreugdenhil, et al., 
(2012) [50] 

40/AD/MMSE score І 
10 and 
Ѕ28/communitydwelling 

20 20 
22.0 
Mild 

dementia 

Aerobic walking, 

strengthening and 

balance training 

Usual 

treatment 

30 min, 
5× week, 
4 months 

Combined PA 

training 
Moderate 

intensity ADAS- Cog, MMSE 4 months NR + 

Venturelli, 

 
21/AD// 

MMSE score І 
15/Care 

facility 

12 11 
12.5 

Severe 

dementia 
Walking program 

Daily 
organized 
activities 

(e.g., bingo, 

music therapy) 

30 min, 
4× week, 
24 weeks 

Only 
aerobic 

training 

Moderate 

intensity MMSE 24 weeks 
Good 

adherence 
(93.4%) 

Ϻ 

Kemoun et al., 
(2010) [49] 

31/AD/MMSE 
score Ѕ 23 /care 

facility 
16 15 

12.8 
Severe 

dementia 

Articular 
mobilization and 
muscle 

stimulation 
trough walking, 

equilibrium, 
stamina, and 

dancing 

No PA 

participation 

60 min, 
3× week, 
15 weeks 

Combined PA 

training 

Moderate 
intensity 
60% and 
70% of 

maximal 
HR 

French RECF 15 weeks NR + * 
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Study Participants IG 
(n) 

CG 
(n) 

Dementia 
Severity 
Baseline 
MMSE 

IG CG 
Length 

Frequency 
Duration 

PA 
Modality 

PA 
Intensity 

Cognitive 

Assessment Follow up Adherence Rate PA Impact on 
Cognition 



 

 

 

Steinberg 
et al., 

(2009) [47] 

27/AD/MMSE score І 
10/communitydwelling 14 13 

17.7 

Moderate 

dementia 

Home-based 
program, 

caregivers 
instructed during visits 

on daily 
walking, strength 
training of major 
muscle groups, 

balance and 

flexibility 

Home safety 

assessment 

120 min per 
visit, 

3 visits, 
12 weeks 

Combined PA 

training 
Moderate 

intensity MMSE, BNT, HVLT 6 and 
12 weeks 

Good 
adherence 

(59%) 
+ 

Eggermont et 
al., 

(2009a) [53] 

97/UD/MMSE score Ѕ 
10 and 
І24/care facility 

51 46 
17.7 

Moderate 

dementia 
Walking program Received social 

visits 

30 min, 
5× week, 
6 weeks 

Only 
aerobic 

training 

Selfselected 

speed 

RBMT (face and 
picture 

recognition test); 
eight words test; 
digit span from the 

WMS-R; 
category fluency and 

letter fluency 

6 and 
12 weeks NR Ϻ 

Eggermont et 
al., 

(2009b) [52] 

61/UD/MMSE score Ѕ 
10 and 
І24/care facility 

23 24 
17.7 

Moderate 

dementia 

Hand motor 
activity (finger 

movements, 
pinching, 

handling rubber rings, 

etc.) 

Read aloud 

program 

30 min, 
5× week, 
6 weeks 

Hand 

movement 

training 
NR 

RBMT; Digit 
Span from the 

WMS-R; 
category 

fluency; Stop 
Signal task; and 

Attention 
Network Test 

6 and 
12 weeks NR Ϻ 

Miu et al., 

(2008) [34] 

85/AD, VaD, 
MD, 

UD/MMSE 
score І 10 and 
Ѕ26/communitydwelling 

36 49 
18.9 

Moderate 

dementia 

Treadmill, bicycle, and 
arm 

ergometer training 

Social visits and 
discussions 
on health- 

related topics 

45–60 min, 
2× week, 
3 months 

Only 
aerobic 

training 
NR MMSE and ADAS-

Cog 

3-, 6-, 9-, and 
12-months 

post training 

Good 
adherence 

(%NR) 
Ϻ 
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Study Participants IG 
(n) 

CG 
(n) 

Dementia 
Severity 
Baseline 
MMSE 

IG CG 
Length 

Frequency 
Duration 

PA 
Modality 

PA 
Intensity 

Cognitive 

Assessment Follow up Adherence Rate PA Impact on 
Cognition 



 

 

 

Christofoletti et 
al., 

(2008) [40] 

41/AD and 
MD// MMSE score 

no 
specified/care facility 

IG1: 12 
IG2: 12 17 

14.0 

Moderate 

dementia 

IG1: 
Interdisciplinary 

program with 
strength, balance 

and cognition 
training IG2: 

Physiotherapy 

session 

No motor 

intervention 

120 min, 
5× week, 
6 months 

60 min, 
3× week, 
6 months 

Combined PA 

training NR 
MMSE and Brief 

Cognitive 
Screening Battery 

6 months NR Ϻ 

Stevens & 
Killeen, 

(2006) [33] 

75/AD, 
UD/MMSE 

score І 10 and 
Ѕ23/care facility 

24 

CG1: 
30 
CG2: 
21 

15.0 

Moderate 

dementia 

Gentile aerobic 
exertion of joints 
and large muscle 

groups 

CG1: no 
intervention 

CG2: Social visits 

30 min, 
3× week, 
12 weeks 

Only 
aerobic 

training 

Light 

intensity MMSE, and CDT 12 weeks NR + 

Van de 
Winckel 

et al., 
(2004) [41] 

25/AD, 
VaD/MMSE 

score Ѕ 23/care 
facility 

15 10 
12.0 

Severe 

dementia 

Training while sitting 
focus on 

upper and lower body 
strengthening, 
balance, trunk 

movements, and 
flexibility 

Daily one-

to-one 

conversation 

with therapist 

30 min, daily, 
3 months 

Combined PA 

training NR MMSE and ADS-6 6 weeks and 
3 months NR + * 

Intervention Group (IG); Control Group (CG); Alzheimer’s disease (AD); Mixed dementia (MD); Vascular dementia (VaD); Undefined dementia (UD); Not reported (NR); Activities of Daily Living (ADLs); Heart 
Rate (HR); Mini Mental state Examination (MMSE); Amsterdam Dementia screening test 6 (ADS 6); Clock-Drawing test (CDT); The Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog); 
The Stroop Colour and Word Test (SCWT); Le Rivermead Behavioural Memory Test (RBMT); Rapid Evaluation of Cognitive Function (French ERCF); The Frontal Assessment Battery (FAB); Wechsler Adult Intelligence Scale 

(WAIS); Wechsler Memory Scale Revised (WMS-R); Rivermead Behavioural Memory Test (RBMT); Symbol Digit Modalities Test (SDMT); Fuld Object Memory Evaluation (FOME); Verbal Fluency, Clinical Dementia Rating (CDR); 

Verbal fluency (VF); Severe Impairment Battery-Short From (SIB-S); Groninger Intelligence Test (GIT); Montreal Cognitive Assessment (MoCA); WHO-University of California Los Angeles-Auditory Verbal Learning test (WHO-

UCLA-AVLT); Trail Making Test (TMT); Location Learning Test—Revised (LLT-R); Boston Naming Test (BNT); Hopkins Verbal Learning Test (HVLT). Effects on cognition; (+) = improvement; (*) = significant improvement; (Ϻ) = No 

improvement; (a) = improvement in executive functions; (b) = improvement in episodic memory; (c) = improvement in working memory; (d) = Improvement in focus and attention; (e) = improvement in visual memory; (f) = 

improvement in naming and abstract. 
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4.3. Assessment Methods of Cognitive Function 
Concerning cognitive assessments, a high proportion of studies [33–48,50,51,54] 

measured global cognitive function using the MMSE and/or the Alzheimer’s disease 

Assessment Scale-Cognitive Subscale (ADAS-Cog). Approximately 39.1% had only 

implemented the tests mentioned above [34,36,39–42,44,49,50]. In addition, 60.9% of 

RCTs added further tests that measured not only global cognition but also other 

cognitive domains [33,35–38,43,45–48,51–54], including memory [35,43,47,51,53], 

attention and concentration [35,46,54], language [38,46,47], visuospatial abilities 

[33,45,48], and executive functions [37]. An additional file shows more in detail 

implemented measurement tools and cognitive domains measured by the included 

studies (see Supplementary Materials— Additional File S3). 

4.4. Measurement Periods 
Generally, 43.5% [33,39,40,42,44–46,49,50] of the trials only conducted pretest and 

posttest measurements. However, 30.4% [37,41,47,48,51,54,56,57] of all included 

studies carried out at least one additional measurement during the intervention time. 

For instance, Öhman et al. [48] performed two measures during the program time, at 3 

and 6 months, and Cancela et al. [51] executed 4 measurements at 3, 6, 9, and 12 

months. Moreover, 26% of the total sample undertook long-term follow-ups [34–

36,38,43,52,53]. In particular, Cheng et al. [36] performed follow-ups at 6 and 9 months 

after the intervention was finished. 

Likewise, Miu et al. [34] performed follow-ups at 6, 9, and 12 months post-training. 

4.5. PA Interventions 
Regarding control groups, 43.5% [37,40,42,46,48–50,52–54] received usual care, 26.1% 

[33,34,39,43,47,52,53] experienced social visits, 21.7% [36,38,44,45,51] performed 

recreational and handicraft activities, 4.3% [35] received relaxation and flexibility 

exercises, and 4.3% [41] had daily one-and-one conversations with a therapist. For the 

experimental groups exposed to PA training, the following characteristics were found 

regarding PA modality, frequencies and intensities. 

4.6. PA Modality 
More than half (60.9%) [36–38,40–43,46,47,49,50,54] of the interventions implemented 

combined different types of PA training, including mainly aerobic and strength 

exercises. For instance, some studies [37,38,41,43,47,50] involved activities such as 

walking combined with balance and strength seated exercises concentrated on the 

upper and lower extremities and torso. In addition, two [36,56] interventions 

implemented Tai-Chi exercises, which involved training for aerobic capacity, muscular 

strength, and balance. In contrast, 25% [33,34,39,44,51,53] of the studies implemented 

only aerobic training. Thus, different aerobic activities were carried out, such as cycling 

[34,39,51]; walking [34,44,53]; and light aerobic exertion of the joints and large muscle 

groups, accompanied by music [33]. One study [52] included hand-motor training, and 

13% of the trials [35,45,48] combined cognitive and PA training, including cognitive and 

aerobic bicycle training [35]; aerobic, balance, strength and dual tasking training [48]; 

and cognitive stimulation in addition to stretching and lower-limb aerobic exercises 

[45]. 

4.7. PA Duration, Frequency, and Total Length 
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The session duration of all the included interventions ranged between fifteen and one 

hundred and twenty minutes (M = 48.91, SD = 28.0). Thus, 78.3% [33–39,41,43–46,48–

50,52,53] of the interventions lasted between thirty and sixty minutes, 13% [40,42,47] 

lasted longer than sixty minutes, and just 8.7% [51,56] provided less than thirty minutes 

of PA training sessions. Moreover, the frequency per week ranged from two to seven 

times (M = 3.71, SD = 1.52). Consequently, 39.1% [33,35–37,39,46,49,54] reported PA 

training three times a week, 21.7% [38,40,45,50,52,53] five times a week, and 17.4% 

[34,42,48] 2 times per week. For the total length of PA interventions, 56.5% [34,36–

42,44–46,49,50] of PA programs lasted between three and six months, 26.1% 

[33,35,43,47,52,53] lasted less than three months, 13% [48,54] lasted seven to twelve 

months, and only one [51] PA program included an intervention longer than twelve 

months. 

4.8. PA Intensity 
The included studies presented varied intensities of PA. The majority (30.4%) 

[44,45,47,49,50,54] considered moderate PA trainings, followed by light PA (26.1%) 

[33,35,37,51–53] and moderate to vigorous PA (21.7%) [38,39,42,43,46]. Some studies 

[43,45] reported perceived exertion to indicate intensity; in particular, Kim et al. [45] 

reported light to moderate intensities according to the Borg scale scores (11–13 points), 

and Toots et al. [38] indicated intensities based on individual degrees of functional 

deficit. Six studies [35,39,42,45,46] reported maximum heart rate levels. Thus, 

Karssemeijer et al. [35] and Kim et al. [45] used moderate intensities reflected in 

maximum heart rates of 65–75%, 

40–60% and 30 to 60%, respectively. In contrast, Lamb et al. [42], Hoffmann et al. [46] 

and Yang et al. [39] described PA intensities of 70–80% of the maximal heart rate from 

moderate to vigorous. 

4.9. Adherence Rate 
Only 65.2% [34–38,42–48,51,54] of the RCTs reported adherence rate. From this 

portion, the majority (56.5%) [34–36,38,42–48,54] indicated having a “good” adherence 

rate. This positive rate ranged from 59% to 93% (M = 78.06, SD = 11.39). The remaining 

studies (8.7%) [37,51] rated themselves as having “bad” adherence rates, and no 

percentages were reported. 

4.10. Primary Outcome: Effects of PA on the Cognitive Function of PwD 
A summary of global cognition outcomes based on the MMSE results (see Table 2) 

showed that the majority of the studies displayed a significant MMSE mean difference 

compared to the control group [34,36,39–44,49,50,52–54]. 

Table 2. Summary measures (Mean, SD, t, and p of MMSE Scores). 

 Control Group PA Intervention   

Authors Mean SD n Mean SD n t p 

Huang et al., (2019) [54] 19.47 5.73 38 21.17 5.47 36 1.304 0.196 
Lamb et al., (2018) [42] 23.8 10.4 137 25.2 12.3 278 1.145 0.252 

Henskens et al., (2018) [37] 9.4 5.8 16 11.6 6.5 16 1.010 0.320 
Öhman et al., (2016) [48] 17.17 7.29 59 17.02 7.18 51 Ϻ0.108 0.913 

Hoffmann et al., (2015) [46] 23.9 3.9 88 23.9 3.4 102 0.000 1.000 
Bossers et al., (2015) [43] 15.17 4.5 36 17.16 4.33 37 1.926 0.058 

Yang et al., (2015) [39] 19.54 3.43 25 22.83 2.75 25 3.742 0.000 
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Cheng et al., (2014) [36] 18.5 1.4 35 19.4 1.4 39 2.761 0.007 
Vreugdenhil, et al., (2012) [50] 19 7.7 20 23.9 5 20 2.387 0.022 

Venturelli, et al., (2011) [44] 6 2 10 12 2 11 6.866 <0.000 
Kemoun et al., (2010) [49] 23.23 8.37 15 30.38 7.66 16 2.489 0.019 

Eggermont, et al., (2009a) [53] 0.2 0.63 46 0.24 0.78 51 0.276 0.783 
Eggermont, et al., (2009b) [52] 0.47 0.97 31 0.07 0.37 30 Ϻ2.114 0.038 

Miu et al., (2008) [34] 19.2 4.2 28 17.4 5.7 24 Ϻ1.308 0.196 
Christofoletti et al., (2008) [40] 14.8 1.3 17 20.2 1.6 12 10.017 <0.000 

Van de Winckel, et al., (2004) [41] 11.5 5.21 9 14.4 4.4 15 1.460 0.158 

4.11. Meta-Analysis 
A meta-analysis was carried out considering sixteen RCTs [34,36,37,39–44,46,48–50,52–

54]. The remaining studies did not present data in their publications for the mean 

outcome indicating global cognition based on the MMSE. The meta-analysis found that 

PA interventions had a medium-size effect on the cognitive function of PwD of 0.4803 

(95% CI = 0.1901–0.7704). Heterogeneity between studies was statistically significant (I2 

= 86%, p Ѕ 0.0001) (see Figure 2). To assess publication bias between trials, a funnel plot 

was carried out (see Figure 3). Evidence was found to be skewed or asymmetric; thus, 

there was publication bias among the sixteen studies. 

 

Figure 2. Effects of PA on the cognitive function of PwD. 

 

Figure 3. A funnel plot of the included studies. 

4.12. Quality Assessment 
Each study’s quality was assessed to avoid the risk of bias and provide consistent 

results. According to the Effective Public Health Practice Project (EPHPP) Quality 

Assessment Tool for Quantitative Studies (see Table 3), most of the studies presented 

an overall quality score between strong and moderate. However, in some cases, weak 
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scores were associated with small sample sizes [39,41,44,45,47,49], lacking withdrawal 

and dropout reports [33,39,40]. In contrast, some studies showed stronger quality 

scores associated with the selection of bias since they included larger sample sizes 

(>100 participants) [35,36,38,42,43,46,48,51]. 

Table 3. Methodological quality assessment “Effective Public Health Practice Project (EPHPP) Quality Assessment Tool for Quantitative 

Studies”. 

 
Study 

Selection 

Bias 
Study 

Design Confounders Blinding 
Data 
Collection 

Methods 

Withdrawals 
and 

Dropouts 

Intervention 

Integrity Analyses 
Overall 

Score 

Karssemeijer et al., 

(2019) [35] 1 1 1 2 1 1 1 1 1 

Huang et al., 

(2019) [54] 2 1 1 2 1 1 1 1 1 

Lamb et al., (2018) 

[42] 1 1 1 2 2 1 1 1 1 

Henskens et al., 

(2018) [37] 2 1 1 2 1 1 1 1 1 

Toots et al., 

(2017) [38] 1 1 1 2 1 1 1 1 1 

Öhman et al., 

(2016) [48] 1 1 1 2 1 1 1 1 1 

Kim et al., (2016) 

[45] 3 1 1 2 1 1 1 1 2 

Cancela et al., 

(2016) [51] 1 1 1 2 1 1 1 1 1 

Hoffmann et al., 

(2015) [46] 1 1 1 2 1 1 1 1 1 

Bossers et al., 

(2015) [43] 1 1 1 2 1 1 1 1 1 

Yang et al., (2015) 

[39] 3 2 1 3 2 3 1 1 3 

Cheng et al., 

(2014) [36] 1 2 1 3 2 1 1 1 2 

Vreugdenhil, et al., 

(2012) [50] 2 1 1 2 1 1 1 1 1 

Venturelli, et al., 

(2011) [44] 3 2 1 2 1 1 1 1 2 

Kemoun et al., 

(2010) [49] 3 2 1 2 1 1 1 1 2 

Steinberg et al., 

(2009) [47] 3 2 1 2 1 2 1 1 2 

Eggermont, et al., 

(2009a) [53] 2 1 1 2 1 1 1 1 1 

Eggermont et al. 

(2009b) [52] 2 2 1 2 1 1 1 1 1 

Miu et al., (2008) 

[34] 2 1 1 2 2 2 1 1 1 

Christofoletti et al., 

(2008) [40] 2 1 1 2 1 3 2 1 2 

Stevens & Killeen, 

(2006) [33] 2 1 1 3 1 3 1 1 3 

Van de 
Winckel, et al., 

(2004) [41] 
3 1 1 2 1 1 1 1 2 

1 = Strong; 2 = Moderate; 3 = Weak. 

According to the systematic assessment results based on previous review 

recommendations [21–24] (see Table 4), the majority of studies included between three 

and seven recommendations out of nine (Mode = 5). Studies included methodological 

Quality Assessment Tool for Quantitative Studies 
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recommendations associated with implementing a more comprehensive cognitive 

measures tool that not only assessed global cognition [33,35–38,43,45–48,51–54] but 

also included measurements throughout the intervention period 

[37,41,42,47,48,51,54], long-term follow-ups [34–36,38,43,52,53], targeted dementia 

type [44–50], and targeted dementia stage [44,46,54]. All of the studies provided 

detailed information on PA type, duration, and frequency. In contrast, the majority of 

the studies did not provide a clear definition or description of PA intensity 

[33,34,36,40,41,44,47,48,50,52,53]. 
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Table 4. Inclusion of methodological recommendations assessment. 

 

Implementation Implementation 

Study Comprehensive 
Cognitive 
Measures 

Measurements 
Throughout the 

Intervention 

Period 

Follow-Up 

Measure 
Target 

Dementia Type 
Target 

Dementia Stage 
Describe PA 

Type 
 

Describe PA Duration 
Describe PA 

Frequency 
Describe PA 

Intensity 

of Incorporated 
Recommenda- 

tions 

Karssemeijer et al., 

(2019) [35] + Ϻ (+) Ϻ (+) + + + + 5 

Huang et al., (2019) 

[54] 
+ (+) Ϻ Ϻ + + + + Ϻ 5 

Lamb et al., (2018) [42] Ϻ (+) Ϻ Ϻ (+) + + + + 4 
Henskens et al., 

(2018) [37] + (+) Ϻ Ϻ Ϻ 
+ + + (+) 4 

Toots et al., (2017) 

[38] 
(+) Ϻ (+) (+) (+) + + + + 4 

Öhman et al., (2016) 

[48] 
(+) + Ϻ + Ϻ + + + Ϻ 5 

Kim et al., (2016) [45] (+) Ϻ Ϻ + (+) + + + + 5 
Cancela et al., (2016) 

[51] 
(+) + Ϻ Ϻ Ϻ + + + (+) 4 

Hoffmann et al., 

(2015) [46] + Ϻ Ϻ 
+ + + + + + 7 

Bossers et al., (2015) 

[43] 
+ Ϻ (+) Ϻ (+) + + (+) + 4 

Yang et al., (2015) [39] Ϻ Ϻ Ϻ Ϻ (+) + + + + 4 
Cheng et al., (2014) 

[36] 
+ Ϻ + (+) (+) + + + Ϻ 5 

Vreugdenhil, et al., 

(2012) [50] 
Ϻ Ϻ Ϻ 

+ (+) + + + Ϻ 
4 

Venturelli, et al., 

(2011) [44] 
Ϻ Ϻ Ϻ 

+ + + + + Ϻ 
5 

Kemoun et al., 

(2010) [49] 
Ϻ Ϻ Ϻ 

+ Ϻ 
+ + + + 5 

Steinberg et al., 

(2009) [47] + (+) Ϻ 
+ (+) + + Ϻ Ϻ 

4 

Eggermont, et al., 

(2009a) [53] + Ϻ 
(+) Ϻ 

(+) + + + Ϻ 
4 



 

 

 

 of Provide and Describe PA Characteristics of the Intervention Total Number 
 of Long-Term 

Eggermont et al. 

(2009b) [52] (+) Ϻ 
(+) Ϻ 

(+) + + + Ϻ 
3 

Miu et al., (2008) [34] Ϻ Ϻ + Ϻ (+) + + + Ϻ 4 
Christofoletti et al., 

(2008) [40] 
Ϻ Ϻ Ϻ Ϻ 

(+) + + + Ϻ 
3 

Stevens & Killeen, 

(2006) [33] (+) Ϻ Ϻ Ϻ 
(+) + + + Ϻ 

3 

Van de Winckel, et al., 

(2004) [41] 
Ϻ (+) Ϻ Ϻ Ϻ + + + Ϻ 3 

+ Fully incorporated; (+) partly incorporated; Ϻ Not 

incorporated. 



 

 

 

5. Discussion 
This systematic review identified twenty-two RCTs aiming to test the 

effect of PA on the cognition of PwD. It provides methodologically 

sounder designs and new results than other studies conducted in recent 

years. Thus, it adds evidence to other reviews by including new RCTs 

[35,36,38,45,46,48] that have not previously been included. Overall, the 

meta-analysis found that PA interventions had a medium-size effect on 

the cognitive function of PwD. This indicates general positive effects of 

PA on cognition in PwD. However, the included trials presented a high 

percentage of heterogeneity (I2 = 86%, p Ѕ 0.0001) as they showed 

differences in the number of participants, intervention settings, 

cognitive measurement tools, follow-up periods, PA dose-responses, 

and reported outcomes. Therefore, these differences between the 

studies’ methodologies limited the possibility of solid conclusions about 

the effects of PA on the cognition of PwD. These findings were 

consistent with a review by Forbes et al. [25], which showed 

considerable heterogeneity (I2 value 80%) and thus inconclusive results. 

Even though these results resemble those obtained by Forbes et al. 

[25], if we look at the newly added trials implemented in recent years, a 

slight difference is revealed. In particular, six recent trials 

[35,38,42,43,46,48] showed more powerful designs since they included 

larger sample sizes. In this way, this finding enables us to see small 

developments and progress in this particular field of research, including 

more solid methodological designs and higher statistical power in the 

most recent studies. Therefore, the results presented in these trials 

might lead to more precise conclusions about the effects of PA on the 

cognition of PwD. 

Various features of PA interventions could play a crucial role in 

mediating the effects of PA on cognition, such as PA modalities, dose 

responses, and intensity. Based on the type of exercise and intensity, 

changes in the brain’s structure have been obtained [58]. 

For instance, interventions implemented three types of PA modalities: 

(1) only PA training (cardiovascular or strengthening), (2) combined PA 

training (cardiovascular and strengthening), and (3) combined PA with 

cognitive training. According to Bossers et al. [36], combining aerobic 

PA with resistant training led to improvements in executive functions 

and memory functions. Thus, the study recommended combining both 

modalities to stimulate cognitive improvements in both. Öhman et al. 

[41] attributed improvements in executive functions to dual-tasking 

(e.g., talking while walking, singing while dancing) and other combined 

PAs performed at home (strength, balance, and endurance exercises). 

This study suggested that combined training may enhance the frontal 

lobe, which is the brain area in charge of executive functions. These 

results are consistent with one systematic review implemented by 

Lauenroth et al. [51], who claimed that multimodal PA interventions 

that consider cardiovascular training combined with resistance training 

and cognitive tasks resulted in better and more significant outcomes 

than individual PA training. Moreover, this type of intervention has 



 

 

 

contributed to improving frontal cognitive functions, global cognition, 

working memory, episodic memory, executive function, and processing 

speed [59]. 

Additionally, studies presented variations in their PA dose responses. 

Their session durations ranged between fifteen and one hundred and 

twenty minutes; their frequency per week fluctuated between two and 

seven times, and their total length took between less than three 

months and longer than twelve months. Particularly, studies in which 

longer periods of PA were undertaken were more likely to display 

positive effects. For example, Öhmann et al. [48] implemented a 12-

month PA program, which led to positive effects on executive functions 

among community-dwelling PwD. Moreover, Hoffmann et al. [46] 

affirmed that PA seems to affect executive function (mental speed and 

attention) when implemented for at least six months. In the same way, 

Toot et al. [38] confirmed that for cognition effects, the interventions’ 

duration seems to play a decisive role. Thus, a four-month program was 

not enough time to induce cognitive changes. Likewise, Kassermeijer et 

al. [35] did not show significant effects due to exergaming training. 

According to the authors, a possible explanation for these results was 

that people probably needed more time to master the challenges from 

this type of program, and this RCT implemented a short intervention 

period of 12 weeks. These results were aligned with one meta-analysis 

outcome [60] and with one study, which proved that six to twelve 

months of PA increased cognitive scores and affected brain structure 

[58]. 

Regarding PA intensities of trial interventions, the majority 

implemented moderate, followed by light and vigorous PA intensities. 

However, there is no consensus among studies as to which intensity 

level might be ideal. Karssemeijer et al. [35] stated no significant effects 

on executive functions, working memory or episodic memory after 

implementing a light intensity combined cognitive and PA intervention 

among communitydwelling persons with mild dementia. In contrast, 

The Dementia and PA trial [42], which had the largest sample size of the 

included studies, applied a moderate-to-high intensity PA program; 

however, these PA intensities also did not result in positive outcomes. 

Thus, Lamb et al. [42] specified that an exercise program of moderate-

to-high intensity improved physical fitness but did not slow cognitive 

deterioration. Furthermore, participants who took part in the PA arm 

and had a high intervention attendance displayed worse cognitive 

decline than the control group. Therefore, according to these authors, 

there is a possibility that PA may have worsened cognitive impairment. 

In particular, these negative effects were associated with inflammation 

and inadequate oxygen supply to certain cortical areas. In this way, this 

study suggested that high-intensity aerobic and strength exercise 

should not be used as a method for addressing cognitive deterioration, 

and future research should examine other forms of PA among dementia 

patients. Likewise, Toots et al. [38] indicated that high-intensity training 

did not result in significant differences in global cognition or executive 



 

 

 

functions. These results are in line with one systematic review [60] that 

specified that PwD are fragile patients, and excessive and vigorous 

intensities of PA should be avoided to prevent other health 

complications. Moreover, monitoring a steady heart rate of 60% of the 

maximum heart rate might prevent excess complications and burden 

among patients. In addition, this range might be enough to activate 

neurobiological responses that benefit the brain functioning of PwD 

[60]. Further research is needed to clarify the role of intensity in 

mediating PA effects. 

Another relevant aspect for effective PA interventions described in 

trials was PA engagement and adherence to programs due to high 

numbers of withdrawals in the trials. Thus, studies stated that bad 

adherence to their program was associated with a lack of motivation 

[37,49], low emphasis on PA in geriatric facilities, and a lack of 

knowledge regarding the benefits of PA [51]. Moreover, a high number 

of persons declined to participate in one study due to a lack of 

attractiveness of PA, particularly women [42]. Furthermore, one RCT 

stated that only one specific segment of institutionalized patients joined 

the study because they were already motivated to perform PA [43]. A 

current review showed that for healthy adults aged 80 years and older, 

it was necessary to initiate and adhere to PA to identify its health 

benefits, overcome physical-activity-associated fear, recognize and 

prioritize individual PA preferences, receive social support, and 

minimize environmental barriers [61]. However, considering that PwD 

present low functional activity and cognitive functioning, it is probable 

that variables mediating their PA engagement are different compared 

to those reported by healthy adults [62]. Recent literature lacks 

evidence on PA participation and adherence-related factors in PwD 

[63]. 

Thus, it can be observed that different factors, such as PA modalities, 

dose responses, intensities, and engagement and adherence, play an 

important role in facilitating effects on cognition in PwD. However, due 

to the variety of methodologies, contents and results reported in the 

included studies, the effects of PA on the cognition of PwD remain 

unclear. Additional evidence is needed, particularly concerning ideal PA 

modalities, dose-response intensity, and adherence. 

Based on the findings from the most recent studies exploring the 

effects of PA on cognition of PwD, these might be some implications to 

consider for future research and policy. However, it is essential to 

consider them with caution, as the reported studies still present certain 

limitations: 

Ɇ Alternative forms of exercise need to be explored for PwD. For 

example, additional exercises designed to improve functional 

activity, a variable that has been proven to be influenced by PA 

among PwD, are needed [42]; 

Ɇ Exergaming combined with cognitive training is a method that 

promotes participants’ initiation and adherence to PA through the 

innovative combination of technology and exercising [35]; 



 

 

 

Ɇ Engaging in long-term, individualized, home-based training may 

have some effect on the executive functions of PwD [48]; 

Ɇ Future programs should also examine the individual characteristics 

of participants (type and severity of dementia), as they may 

influence the effects of PA on cognition. 

It is also essential to examine who may benefit the most from PA 

[35]. 

Limitations 
This review aimed to identify current studies and update the scientific 

evidence on the effects of PA on cognition; it included extensive 

eligibility criteria. For example, it included participants of all types and 

severity of dementia. These criteria, therefore, contributed to a high 

proportion of heterogeneity within the study. Likewise, through the 

funnel plot, an asymmetric plot was observed, which represented 

publication bias. Additionally, there was incomplete retrieval regarding 

effects across all the included studies due to missing data and a lack of 

responses from the authors. This may limit the quality of the evidence 

and, thus, should be considered when discussing the results. We 

interpreted our results carefully to avoid over- or under-estimating the 

scientific evidence of the methodologically weak RCTs. 

6. Conclusions 
The evidence for the benefits of PA for PwD remains unclear despite the 

fact that there is increased research activity within the studies 

identified in this review Furthermore, the selected studies contained 

stronger methodological aspects compared to reviews conducted in 

previous years. In addition, considering that certain prerequisites may 

affect PA programs, further research is needed. In particular, ideal PA 

modalities, duration, adherence to interventions, and exercise intensity 

monitoring should be considered. 
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Abstract 
While regular physical-activity (PA) is beneficial, multimorbid individuals at increased dementia risk 
may exhibit reduced PA levels. Thus, a more comprehensive understanding of mediating factors 
responsible for inactivity in this population is needed. This study investigated the impact of a 
multimodal intervention on PA changes at 24-month follow-up and associated mediating factors 
among community-dwelling patients aged 60-77, with increased dementia risk determined by the 
CAIDE Dementia Risk Score. Of 1030 participants recruited, 819 completed the assessment. Thus, a 
generalized estimating equations model initially assessed differences in PA over 24 months, followed 
by a tree analysis identifying mediating factors influencing PA changes postintervention. While no 
significant effect on regular PA was found during the follow-up (P = .674), subgroup analysis revealed 
improved self-efficacy (P = .000) associated with increased engagement in PA. Incorporating self-
efficacy elements into future strategies is crucial for promoting PA among individuals with 
multimorbidity and at increased dementia risk. 

Keywords 
mediating factors, physical activity, multimorbidity, dementia, decision tree analysis 
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Significance Statement 

This manuscript uses a unique methodology to study 

factors contributing to inactivity in older adults with 

multimorbidity and at increased dementia risk. Our 

approach identifies specific mediating factors including 

self-efficacy and subgroups within the population with 

shared characteristics related to desired health 

behaviour (physical activity). This information can help 

target interventions more effectively, improving physical 

activity promotion, guiding policies, and resource 

allocation in public health. 

Introduction 

As the world’s population ages, the prevalence of 

dementia is increasing.1 It is estimated that there will be 

a global increment of 57.4 million cases of dementia in 

2019 to 152.8 million cases in 2050.2 Indeed, the growth 

in the number of persons living with dementia represents 

a primary worldwide challenge because of its physical, 

psychological and economic repercussions.3 Together 

with its global prevalence and impact, the absence of a 

cure and treatment for dementia highlights the relevance 

of prevention as an effective way to reduce dementia 

implications.1 Therefore, currently, both scientific 

research and global health strategies have focused on 

dementia prevention efforts by addressing modifiable 

risk factors, including physical inactivity.4,5 Approximately 

40% of dementia cases worldwide can be linked to 

modifiable risk factors.6 Likewise, multimorbidity has a 

robust association with mild cognitive impairment and 

subsequent dementia.7 Particularly, older adults with 

cardiovascular, sensory impairment and neuropsychiatric 

multimorbidity are affected.8 Thus, by recognizing and 

targeting modifiable and associated risk factors for 

dementia, key elements are highlighted for primary 

prevention strategies and dementia incidence 

reduction.4 

Multimodal interventions that target modifiable risk 

factors show promise in preventing cognitive decline. 

Notable European studies such as The Finnish Geriatric 

Intervention Study to Prevent Cognitive Impairment and 

Disability (FINGER),9 the French Multimodal Alzheimer 

Preventive Trial (MAPT),10 and Dutch Prevention of 

Dementia by Intensive Vascular Care (PreDIVA)11 have 

demonstrated the efficacy of such approaches. The 

FINGER Trial,9 lasting two years, displayed significant 

cognitive improvements among at-risk older adults 

through lifestyle interventions. Similarly, the 3-year 

MAPT Trial 10 displayed positive cognitive effects despite 

not meeting its primary goal. Lastly, the 6-year PreDIVA 

Study11 revealed a reduction in dementia incidence 

among individuals with untreated hypertension who 

adhered to treatment. These trials highlight the potential 

of targeting modifiable risk factors to reduce dementia 

risk. 

Within these interventions, physical activity (PA) is 

consistently included as a crucial component, with the 

aim of mitigating various dementia risk factors, 

promoting brain health and enhancing overall well-

being.4 Long-term engagement in PA has been linked to 

cognitive benefits, improved physical functioning, and 

mental health, reducing dementia risk and delaying 

dementia progression.12,13 Moreover, a strong correlation 

exists between PA and reduced non-communicable 

diseases (NCDs) and decreased mortality risk linked to 

multimorbidity.14 In order to achieve those health 

benefits, the World Health Organization (WHO) 

recommends a minimum of 150 min/per week of 

moderateintensity aerobic PA for older adults.15 

Despite PA benefits, the effectiveness of PA in 

delaying cognitive decline is not yet fully 

established,4 especially considering the challenges 

of engaging and maintaining adherence among 

older adults.16,17 Evidence shows that in Germany, 

less than 150 minutes of PA per week is reported 

by 65% of individuals aged 65 or older, indicating a 

shortfall in meeting WHO recommendation.18 

Similarly, adherence to WHO PA recommendations 

was found to be less than a third among older 

adults with multimorbidity.19 Such a considerable 

absence of adherence to recommended PA may 

contribute to worsening multimorbidity or other 

adverse health outcomes.19 

Given the extensive incidence of low PA levels in 

older adults with multimorbidity and increased 
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dementia risk, understanding the mediating factors 

influencing PA engagement within multimodal 

interventions is essential. Additionally, 

investigating the impact of multimodal 

interventions on PA changes can provide valuable 

insights into their effectiveness.20 Potential 

mediating factors influencing engagement in PA 

interventions among older adults with 

multimorbidity and at increased dementia risk, as 

proposed by the socioecological model, encompass 

both individual and environmental 

factors.21,22 Notably, recurring barriers often hinder 

PA participation among people with 

multimorbidity, including physical barriers (e.g. 

pain and fatigue), psychological constraints 

(depression, anxiety, fear of falling, extrinsic 

motivation, feelings of isolation, knowledge about 

the condition), and financial limitations.20 While 

previous literature provide some evidence, 

regarding mediating factors for regular PA in 

persons with multimorbidity, prior research 

presents a limitation by studying PA mediating 

factors without considering possible high-risk 

subgroups.23 Decision tree analysis plays an 

essential role in public health research by 

analysing the intricate interactions across 

outcomes and mediating factors, identifying high-

risk subgroups to implement preventive measures 

and interventions.24 Thus, decision trees enable the 

identification of distinct subgroups within the 

population that have common and distinguishable 

characteristics, either barriers or facilitators 

(mediating factors), to the desired health-related 

behaviour.19 Therefore, this methodology holds 

great significance in targeting interventions 

towards specific groups and fostering the adoption 

of healthy behaviours, like PA; facilitating as well 

the efficient prediction, and design of population-

based health promotion interventions.24 Over the 

past years, decision tree analysis has been applied 

in various public health settings with different 

populations.25 However, to our knowledge, limited 

research has specifically explored the application 

of decision trees aiming to understand mediating 

factors for PA among individuals with 

multimorbidity and at increased dementia risk.26 

Our primary aim is to investigate the impact of 

one multimodal intervention, the AgeWell study, 

on PA behaviour at 24-month follow-up, aiming to 

elucidate changes in PA after participation. 

Additionally, we aim to integrate decision tree 

analysis to understand the mediating factors 

influencing changes in PA at the 24-month follow-

up among older adults with multimorbidity and 

increased dementia risk, identifying as well high-

risk subgroups. These objectives will not only 

provide significant insights into the challenges and 

opportunities for promoting PA in older adults 

with multimorbidity and dementia risk but also 

offer a solid foundation for the design of future 

interventions and public health policies targeting 

this vulnerable demographic group. 

Methods 

Study Design 
The AgeWell.de study is the first cluster-

randomized, controlled trial in Germany to 

evaluate the effectiveness of a multicomponent 

intervention aimed at preventing cognitive decline 

in older adults with multimorbidity and at 

increased dementia risk.27 The intervention for the 

experimental group encompassed a diverse range 

of content, including PA enhancement, which 

consisted of a standardized training program with 

home exercises (strengthening and flexibility/ 

balance exercises) to be performed twice a week. 

Additionally, individualized goals for aerobic 

exercise were set, targeting 3 to 5 times per week. 

Meanwhile, the control group received general 

practitioner treatment as usual and general health 

advice covering the components of the 

intervention. The primary outcome measure was 

cognitive function, with secondary outcomes 

including mental and physical health assessments. 

The AgeWell.de trial is registered in the German 

Clinical Trials Register (DRKS; trial identifier: 

DRKS00013555). 
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Participants 
The study included community-dwelling patients 

aged between 60 and 77 years old and at 

increased risk of dementia, as determined by the 

CAIDE Dementia Risk Score (Cardiovascular Risk 

Factors, Aging, and Incidence of Dementia).28 

Participants were included in the study based on a 

CAIDE Dementia Risk Score of ≥9. Furthermore, 

the prediction of dementia risk was determined 

using a sensitivity of .77 and a specificity of .63 at a 

cut-off point of ≥9.28 The CAIDE assessment 

comprises various factors, including age, 

education, gender, blood pressure, body mass 

index, total cholesterol, and physical activity. This 

approach ensured that individuals already 

diagnosed with dementia or mild cognitive 

impairment at the study’s outset were not 

included, as the CAIDE Dementia Risk Score was 

specifically developed to assess dementia risk in 

individuals without clinical dementia or mild 

cognitive impairment at the time of evaluation. 

Eligible participants for AgeWell.de were screened 

at general practitioner (GP) practices. Exclusion 

criteria encompassed the diagnosis or suspicion of 

dementia by GP, health conditions that could 

impede safe participation in the intervention as 

determined by GP, significant loss of vision, 

hearing, or insufficient ability to speak or read 

German, severe mobility impairment and 

concurrent participation in any other intervention 

trial. For additional information regarding the 

diagnostic criteria and procedures employed in 

this study, readers are encouraged to consult the 

AgeWell study protocol,29 which provides a 

comprehensive overview of the methodology and 

assessment procedures. 

Between June 2018 and October 2019, enrolled GP 

practices recruited eligible participants (n = 1030) from 

five study sites. Among them, n = 487 participants were 

randomized to the intervention group, while n = 543 

participants were randomized to the control group. For 

the intention-totreat analysis, n = 819 (79.5%) 

participants (intervention/ control: n = 378/441) 

completed the 24-month assessment between July 2020 

and January 2022. Dropout rates were n = 109 (22.4%) in 

the intervention group and n = 102 (18.8%) in the control 

group. Due to the COVID-19 pandemic and associated 

restrictions on personal contact, there were delays in the 

follow-up assessments, resulting in a mean duration of M 

= 25.6 months (SD: 2.8) between the baseline and follow-

up interviews. The participant flow is illustrated in detail 

in Figure 1. 

Data Collection 
Data collection consisted of self-reported, structured 

face-toface interviews and standardized questionnaires 

implemented at baseline and follow-up by GPs. The 

different relevant study variables and measurement tools 

used are presented below. 

Dependent Variable. We administrated a self-developed 

questionnaire adapted from Lippke et al.30 to evaluate 

“regular PA”. Participants were inquired about their 

recent participation in regular PA (≥2 days per week for 

30 minutes), and their responses were recorded as a 

dichotomous variable yes or no. This reference value 

(regular PA = ≥2 days per week for 30 minutes) was 

chosen as a benchmark, given that regular weekly 

aerobic PA is linked to significant benefits on several 

health outcomes.15 
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Taking into account that one of our aims was to 

identify factors associated with changes in PA 

engagement at followup, the variable “regular PA 

engagement” was transformed in four PA states  

(changes): (1) Physically active at baseline and follow-up; 

(2) Physically active at baseline, became inactive at 

follow-up; (3) Physically inactive at baseline, became 

regularly active at follow-up; and (4) Absence of regular 

PA both at baseline and follow-up. 

Independent Variables. GPs provided sociodemographic 

(age, sex, living with a partner, education) and 

participant’s medical conditions information. Other 

factors were measured through questionnaires, which 

included the following variables: Cognitive status 

(Montreal Cognitive Assessment (MoCA));31 

Depressive symptoms (Geriatric Depression Scale 

(GDS));32 Performance in activities of daily living (Barthel-

 

Figure 1. Participant flowchart for random assignment in the AgeWell.de study. 
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Index);33 and Health-related quality of life (EQ-5D-5 L).34 

In addition, participant’s health behaviours, such as 

alcohol consumption per day (g/day), were assessed. 

Participants were also asked about their current smoking 

status, with response options of yes or no. 

Furthermore, participants self-efficacy for PA 

was evaluated using the health-specific self-

efficacy scale proposed by Schwarzer and 

Renner,35 which assessed how confident they felt 

to be physically active when: they were worried 

and had a problem, when they felt sad, tense, 

tired, and busy. The available response choices 

were (1) Very uncertain; (2) Rather uncertain; (3) 

Almost certain; and (5) very certain. 

Social support measurements were obtained 

using the Lubben Social Network Scale/LSNS-6. 

Finally, the living area variable was examined and 

categorized into four classes based on population 

density: small urban area, with a population 

between 50,000 and 100,000; medium-sized urban 

area, with a population between 100,000 and 

250,000; metropolitan urban area, with a 

population between 250,000 and 1.5 million; and 

large metropolitan urban areas, with a population 

above 1.5 million.36 

In order to identify whether there had been 

changes after the intervention, quantitative and 

qualitative independent variables were 

transformed into new variables. Quantitative 

variables (cognitive status, depression, social 

isolation, degree of independence, quality of life, 

alcohol consumption, and self-efficacy for PA) 

were transformed by computing the postpre score 

difference. As for the qualitative variables with 

dichotomous yes/no responses, they were 

transformed into variables representing four 

states. For instance, the variable mobility 

difficulties was categorized into these four states: 

(1) Mobility difficulties at baseline, mobility 

difficulties at followup; (2) Mobility difficulties at 

baseline, no mobility difficulties at follow-up; (3) 

No mobility difficulties at baseline, mobility 

difficulties at follow-up; and (4) No mobility 

difficulties at baseline, no mobility difficulties at 

follow-up. The same transformation was applied to 

the variables smoker and GPs diagnoses (type 2 

diabetes, hypertension, coronary heart disease, 

myocardial infarction, visual and hearing 

difficulties). Conversely, variables such as sex, age, 

living with a partner, educational level, and living 

area remained unchanged and were utilized in 

their baseline form. 

Statistical Data Analysis. Descriptive statistics were 

used for the baseline characteristics of 

participants. Moreover, to assess between groups 

differences in PA engagement outcome at 24 

months follow-up, a generalized estimating 

equations model was performed from a repeated 

measures binary logistic model. Finally, a decision 

tree analysis was conducted to identify mediating 

factors associated with changes in PA state after 

the intervention. Using a decision tree model, the 

probability of different variables in determining 

changes in regular PA engagement was estimated. 

This process allowed us to prioritize those factors 

that could be addressed to promote changes in 

regular PA practice (as shown in Figure 2). 

Statistical tests such as Pearson’s chi-square 

identified significant differences between 

subgroups, with a P-value < .05 considered 

significant. Analysis was done using IBM Statistical 

Package and Services Solutions (SPSS) version 25 

(IBM Corp, Armonk, NY, USA). 

Ethics. The study was approved by the responsible 

ethics committees of the coordinating centre 

(Ethics Committee of the Medical Faculty of the 

University of Leipzig; ethical vote number: 369/17-

ek) and of all participating study sites. Participants 

provided written informed consent to participate. 

Results 

Baseline Characteristics 
Characteristics of participants at baseline are reported in 

Table 1. At baseline, it was observed that a total of 198 
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participants (52.4%) in the intervention group and 232 

participants (53.2%) in the control group engaged in 

regular physical activity at least 2 times per week for 30 

minutes. There were no significant differences between 

the two groups in terms of regular physical activity 

participation at baseline (P = .529). Participants who 

dropped out during the intervention did not differ from 

those who completed the follow-up assessment in terms 

of sex (P = .353), age (P = .443), or group allocation (P = 

.153). Those who dropped out more often before the 

follow-up assessment had lower education levels than 

participants who completed the follow-up (P < .001). 

Between-Group Differences in PA Engagement 
at 24 Months Follow-Up 
A generalized estimating equations model was conducted 

based on a repeated measures binary logistic model, in 

which it was identified that there were no significant 

differences between the control and the experimental 

group. Results showed a P-value equal to .674. 

Although there were no significant differences 

between groups, some changes in PA behaviour were 

found. Figure 3 provides a description of the four 

different PA states (changes) that resulted from baseline 

to follow-up between-groups. Particularly, while 52.7% of 

the participants in the intervention group became 

physically active after the intervention, only 47.3% of the 

control group were able to make this transition at follow-

up. Also, a greater absence of PA can be observed in the 

control group after the intervention (56.4%), in contrast 

to the intervention group (43.6%). 

Outcomes of Decision Trees Analysis 
Mediating Factors for Changes in PA States. A decision 

tree analysis was conducted to recognise mediating 

factors associated with previous changes in PA states 

between baseline and follow-up. We employed decision 

trees as a method to dissect the intricate relationships 

between various factors and their impact on PA 

bahaviour. Decision trees serve as a visual representation 

to understand these relationships more intuitively. The 

process begins by examining the entirety of the dataset, 

similar to starting at the root of a tree. Subsequently, the 

algorithm divides the dataset into smaller subsets based 

on the most influential factors affecting PA. This 

segmentation continues recursively, forming a tree-like 

structure. Each terminal node of the tree represents a 

distinct subgroup of individuals with similar 

characteristics. By exploring the branches from the root 

to the terminal nodes, we can identify the primary 

mediating factors influencing PA patterns. 
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According to our analyisis, illustrated in Figure 3, the 

model identified that the most influential variable 

impacting changes in PA was the difference in self-

efficacy scores (P < .001). This finding suggests that 

variations in self-efficacy scores between baseline and 

follow-up influenced the likelihood of engaging in PA. 

Additionally, as illustrated in Figure 4, the model 

categorized the difference in self-efficacy scores into five 

distinct groups: Node (1) score difference equal or less 

than 6 points; Node (2) score difference between 6 and 1 

points; Node (3) score difference between 1 and 0 points; 

Node (4) score difference between 0 and 5 points; Node 

(5) score difference greater than 5 points. Notably, 

positive scores indicated an increase in self-efficacy, 

whereas negative scores indicated a decrease in self-

efficacy at follow-up. 

Nodes 1, 2, and 3 indicated a decrease in the 

probability of transitioning from physical inactivity at 

baseline to becoming physically active at follow-up 

among individuals with a negative difference in self-

efficacy scores ranging from ≤-6 to 0 points (as indicated 

by the blue square in Figure 4). For instance, in node 1, 

this probability dropped from 11.9% to 8.3%; in node 2, 

the probability went from 11.9% to 8.6%; and node 3 

declined from 11.9% to 7.4%. On the contrary, nodes 4 

and 5 showed that individuals who increased scores from 

0 to ≥5 points on the self-efficacy scale raised their 

likelihood of transitioning to a state of regular PA during 

follow-up after being inactive at baseline. For example, 

the probability at node 4 increased from 11.9% to 14.5% 

and in node 5 raised to 27.3%. 

Moreover, the findings in nodes 6 and 7 

revealed a significant association between gender 

and a negative difference of ≤6 points in self-

efficacy scores (P = .0029). For instance, men 

experiencing a decline in their self-efficacy scores 

by ≤ -6 points increased their probability of 

absence of regular PA both at baseline and follow-

up (PA state indicated by red square in Figure 4). 

This probability increased from 52.7% to 63.3%. On 

the contrary, despite having the same negative 

difference in their self-efficacy scores, women 

decreased this probability from 52.7% to 40.5%. 

Furthermore, node 8 highlights that individuals 

with diabetes and a self-efficacy score difference 

ranging from 6 to 1 point showed an increased 

likelihood of absence of regular PA, both at 

 

Figure 2. Framework analysis employed for recognising factors mediating regular PA changes. 
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baseline and at later follow-up (PA state indicated 

by red square in Figure 4). This probability 

increased from 27.6% to 44.4%. In comparison, 

node 9 indicated that those not diagnosed with 

this disease reduced this probability from 27.6% to 

20.4%. 

Finally, nodes 10 and 11 showed a significant 

relationship between an increase in self-efficacy 

scores (between 0 and 5 points) and the condition 

of the participants, either belonging to the control 

or intervention groups (P = .009). In Node 10, 

participants within the intervention group who 

experienced a self-efficacy score increase of 0 to 5 

points at follow-up were observed to have an 

augmented probability of transitioning from 

physical inactivity at baseline to regular activity at 

follow-up (as indicated by the blue square in Figure 

3). This probability increased from 

14.5% to 22.7%. Conversely, in node 11, participants 

from 
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Table 1. Baseline Characteristics of AgeWell.de Study Participants. 

Variables Intervention (n = 378) Control (n = 441) 

Dependent variable 
Regular PA at least 2 times/week for 30 min (yes), n (%) 198 (52.4) 232 (53.2) 

Independent variables 
Individual factors 

Sociodemographic characteristics 
Age in years, mean (SD) 69.1 (4.9) 69.0 (4.9) 

Sex, female (yes), n (%) 199 (52.7) 234 (53.1) 

Living with a partner (yes), n (%) 247 (65.3 285 (64.6) 

Education Low 

(yes), n (%) 98 (25.9) 83 (18.8) 

Intermediate (yes), n (%) 196 (51.9) 238 (54.0) 

High (yes), n (%) 84 (22.2) 120 (27.2) 

Morbidities profile of older adults at increased dementia risk according to GPs diagnosis 
 Diabetes mellitus type 2 (yes), n (%) 136 (36.0) 175 (39.7) 

Hypertension (yes), n (%) 332 (87.8) 375 (85.0) 

Coronary heart disease (yes), n (%) 66 (17.5) 70 (15.9) 

Myocardial infarction (yes), n (%) 23 (6.1) 25 (5.7) 

Visual difficulties (yes), n (%) 14 (3.7) 32 (7.3) 

Hearing difficulties (yes), n (%) 4 (1.1) 5 (1.1) 

Mobility difficulties (yes), n (%) 1 (.3) 2 (.5) 

Cognitive status (MoCA sum score points), mean (SD) 24.47 (2.9) 24.75 (3.0) 

Activities of daily living (Barthel index) points, mean (SD) 99.64 (2.3) 99.64 (2.5) 

Depression (GDS scale) points, mean (SD) 1.48 (1.9) 1.48 (1.9) 

Health-related quality of life (EQ-5D-5 L VAS), mean (SD) 78.27 (15.1) 75.62 (16.0) 

Alcohol consumption (g/day) 14.21 (24.7) 15.28 (23.8) 

Smoker (yes), n (%) 46 (12.2) 43 (9.8) 

Self-efficacy for PA 
I feel confident to be physically active when… 

…I have concerns and problems (yes), n (%) 298 (78.8) 310 (70.6) 

…When I am feeling down (yes), n (%) 265 (70.1) 278 (63.4) 

…When I feel tense (yes), n (%) 279 (73.8) 300 (68.3) 

…When I am tired (yes), n (%) 207 (54.8) 184 (41.9) 

… I am busy (yes), n (%) 175 (46.3) 173 (39.5) 

Interpersonal factors 
Social support (Lubben social network scale) points, mean (SD) 21.19 (6.4) 20.88 (6.7) 

Environmental factors 
Living area 

Small urban area, (yes), n (%) 70 (18.5) 96 (21.8) 

Medium-sized urban area, (yes), n (%) 159 (42.1) 159 (36.1) 

Metropolitan urban area, (yes), n (%) 117 (31.0) 120 (27.2) 

Large metropolitan urban area, (yes), n (%) 32 (8.5) 66 (15.0) 

Note. PA = physical activity, SD = standard deviation, GPs = general practitioners, MoCA = Montreal-Cognitive- Assessment, GDS = Geriatric Depression 

Scale. 
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the control group demonstrated a decrease in this 

probability from 14.5% to 8.4%. 

In summary, the results of the decision tree 

analysis reveal that the difference in self-efficacy 

scores was the most influential variable in changes 

in physical activity states between baseline and 

follow-up. The probability of engaging in physical 

activity varied significantly based on the difference 

in self-efficacy scores, indicating an increased 

likelihood of regular physical activity participation 

with higher self-efficacy scores. Furthermore, 

significant associations were observed between 

gender and the presence of diabetes with changes 

in self-efficacy and physical activity participation. 

Additionally, a significant relationship was 

identified between the increase in self-efficacy 

scores and the participants’ condition, with a 

notable increase in the probability of transitioning 

to regular physical activity in the experimental 

group compared to the control group. These 

findings underscore the importance of self-efficacy 

in promoting physical activity and suggest that 

interventions aimed at improving self-efficacy may 

be effective in fostering more active behaviors in 

the studied population. 

 

Figure 3. Between-groups changes in PA states from baseline to follow-up. 

 

Figure 4. Decision tree analysis: Mediating factors associated with PA changes at follow-up. 
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Mediating Factors for PA
 Engagement at 
Follow-Up. Additionally, we examined potential 

mediating factors influencing regular PA at follow-up. 

Thus, a second decision tree analysis was conducted, 

including just the dichotomous dependent variable 

“regular PA engagement ≥2 days/week for at least 

30min"; yes/no at follow-up. The results of this analysis, 

as shown in Figure 5, reaffirmed self-efficacy as a 

significant determinant for regular PA engagement (P = 

.019). 

Results from this tree analysis revealed (see 

Figure 5) that a negative difference between 

baseline and follow-up of ≤ -4.50 points on the 

self-efficacy scale decreases the probability of 

regular PA at follow-up. This probability went from 

47.5% to 29.5%. In contrast, when participants 

increased score differences by more than 4.5 

points on the self-efficacy scale, their chances of 

doing PA regularly at follow-up increased. The 

probability rose from 47.5% to 50.4%. 

In the same way, individuals who scored 

differences above 4.5 points on the self-efficacy 

scale in the follow-up and reported a high 

education level demonstrated an increased 

probability of engaging regularly in PA. This 

percentage went from 50.4% to 64.4%. 

Nonetheless, in the case of individuals with a high 

level of education, if they scored a difference of ≤ -

5.5 points in their social support scores, their 

likelihood of 
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Figure 5. Decision tree analysis for regular PA engagement at follow-up. 
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engaging in PA regularly in the follow-up period decreased. The probability went from 64.4% to 

59.2%. 

In contrast, those with an intermediate to low educational level exhibited a reduction in their 

probability of engaging regularly in PA at follow-up. This went from 50.4% to 45.5%. Within this group 

of participants who scored differences above 4.5 points on the self-efficacy scale and had a low level 

of education, alcohol consumption emerged as a significant variable (P = .006). Those who increased 

their consumption (>2.03 g per day) at follow-up were less likely to not engage in PA regularly after 

the intervention. This probability was reduced from 54.5% to 46.8%. On the other hand, those who 

decreased their alcohol consumption by 7.6 g increased their probability of doing PA regularly at 

follow-up. This probability changed from 44.0% to 55.9%. On the other hand, those who increased 

their consumption by more than 7.6 g per day decreased their likelihood of PA from 44.0% to 41.8%. 

Discussion 

Main Findings 
In the initial analysis, the present study did not find any significant effect on PA engagement during 

the 24-month follow-up period. However, looking in more detail through decision trees analysis, the 

likelihood of regularly engaging in PA increased during the follow-up period within specific 

subgroups. Particularly, individuals with increased selfefficacy at follow-up raised their probability of 

engaging regularly in PA after the intervention. Thus, self-efficacy was identified as the most 

important mediating factor associated with the likelihood of changes in PA participation at followup. 

In addition, other characteristics of participants mediated the probability of regular PA at follow-up 

associated with selfefficacy, including gender, presence of diabetes, being in the treatment group, 

educational level, social isolation, and alcohol consumption. A more detailed discussion of these 

subgroups is presented below. 

Self-Efficacy 
The decision tree analysis identified among all the factors examined that the most important 

mediating factor associated with changes in regular PA participation at 24-month followup was the 

change in self-efficacy scores. These findings are consistent with those reported in previous 

literature.37 For instance, self-efficacy was related to PA engagement and adherence in asymptomatic 

and older adults with chronic diseases, including recovered individuals of cardiovascular disease and 

survival in chronic obstructive pulmonary disease.37,38 Moreover, according to 2- to 5-year follow-up 

study in which PAwas promoted, self-efficacy has been shown to be crucial in the long-term 

maintenance of PA.39 Of note, the relationship between PA and self-efficacy is not unidirectional and 

can be influenced by other factors, such as physical and mental health, social environment, and 

individual limitations.37 However, in general, it has been found that there is a positive association 

between self-efficacy and PA in older adults. 

Self-efficacy refers to a person’s belief in his or her ability to achieve certain tasks or goals.40 In the 

context of PA, selfefficacy relates to the confidence a person has in his or her ability to participate in 

and maintain regular PA.41 Thus, selfefficacy may play a crucial role in exercise behaviours as older 

adults with higher self-efficacy perceive that they can overcome the barriers and challenges 

associated with PA, increasing their motivation and likelihood to participate in it.41 According to 

Bandura’s theory, confidence in personal ability influences choices and effort devoted to PA 

behaviour.40 



Cardona et al.  

 

 

In this way, it is necessary to address psychological key components, such as self-efficacy, to 

design effective programs promoting PA engagement and adherence.41 To our knowledge, there is a 

limited amount of research on PA interventions for patients with multimorbidity and at increased 

dementia risk, focusing on improving self-efficacy in PA. Thus, self-efficacy enhancement strategies 

may be useful in interventions to increase PA engagement and adherence among this particular 

population. 

Self-Efficacy and Gender 
Another variable that mediated regular PA engagement in our study was gender. The results of the 

decision tree model showed that being male was a risk factor for physical inactivity as long as there 

was a decrease in self-efficacy. In particular, it was found that males with a decrease in self-efficacy 

scores were more likely to not participate in regular PA, both at baseline and at subsequent follow-

up. These results are consistent with previous literature,42 particularly coinciding with differences 

between PA determinants according to gender. One study reported that intention and habit are key 

to short- and long-term factors influencing PA in both genders.43 However, differences were found in 

the role of self-efficacy, emphasizing that attitude towards PA was important for men while planning 

was crucial for women.43 However, it is important to acknowledge the complexity of the relationship 

between attitude and planning in the context of PA. While our initial discussion highlighted the 

importance of attitude for men and planning for women, it is recognized that these factors may not 

operate independently.43 Indeed, positive attitudes towards PA may enhance motivation for 

planning, suggesting a more complex relationship between attitudes and planning across genders.43 

In another study,44 investigating gender differences in psychosocial factors related to PA during a 

lifestyle change intervention, it was found that men received more social support for PA, but women 

increased their exercise plans more. While there were differences in the importance of planning 

between genders, these were not consistent across all analyses. Self-efficacy was a strong predictor 

of behaviour change, and pre-intervention social support was important for both genders. Women 

showed greater use and effects of action planning, possibly linked to their social roles and 

responsibilities. Overall, the findings suggest that men and women may not differ in socio-cognitive 

variables generally, but rather in those related to their social roles. Interventions could benefit by 

supporting women more in behaviour change planning and by facilitating their ability to activate 

social support sources. Furthermore, existing literature has indicated gender differences in 

psychological resilience among older adults.45 Given that women tend to report lower levels of 

psychological resilience compared to men, it is conceivable that this disparity could also contribute to 

differences in self-efficacy.46 Lower resilience levels among older women might influence their 

confidence in engaging in PA and planning their exercise routines effectively.47 Therefore, attitudes 

towards PA and psychological resilience could certainly be underlying factors contributing to the 

observed gender differences in self-efficacy.48 Future research could explore these aspects further to 

provide a more comprehensive understanding of the mechanisms driving gender disparities in self-

efficacy among older adults. These gender differences have implications for the development of 

future gender-specific PA interventions, as also stated in previous studies.43 

Self-Efficacy and Type 2 Diabetes 
It was also found that a decrease in self-efficacy in combination with a diagnosis of type 2 diabetes 

was a risk factor for physical inactivity. In other words, if participants had this diagnosis before or 

after the intervention and a decrease in their self-efficacy scores, they were more likely to have no 

change in their physical inactivity behaviour. Previous studies also show that the diagnosis of type 2 



Cardona et al.  

 

 

diabetes was a risk factor for inactivity.49 Therefore, developing tailored guidelines for PA and self-

efficacy enhancement aimed at this population is also essential. 

Self-Efficacy in the Experimental Group vs. Control Group 
Increases in self-efficacy at follow-up and intervention group participants experiencing an increase in 

self-efficacy between baseline and follow-up were more likely to present a higher probability of 

transitioning from being physically inactive at baseline to physically active in the follow-up, unlike the 

control group. Thus, as has also been shown in other studies,50 multicomponent programs should aim 

at integrating PA, cognitive and social activities, providing knowledge, tools, and skills that may 

enable participants to increase self-efficacy and feel more confident in engaging in regular, long-term 

PA. 

Self-Efficacy, Educational Level, Social Support, and Alcohol Consumption 
Additionally, high educational level accompanied by increased self-efficacy at follow-up increased the 

likelihood of regular PA in the follow-up. Comparing these findings with recent literature, various 

studies showed a positive correlation between educational level and PA participation in older 

adults.51,52 A person’s education can influence his or her behaviour and attitudes toward healthy 

lifestyle 

behaviours.53,54 Older adults with higher levels of education tend to have a better understanding of 

the health benefits of PA and a greater awareness of how to maintain a healthy lifestyle.53 In 

addition, education can provide them with the skills and knowledge needed to participate in PA 

safely and effectively.53 These findings highlight the importance of education and self-efficacy as 

facilitating factors to promote an active lifestyle in older adults with multimorbidity and at increased 

dementia risk. 

It is worth noting that for this population with increased self-efficacy and a high level of education, 

a decrease in social support at follow-up was a risk factor for not engaging in regular PA. Thus, these 

results highlight that social support was a relevant mediator for PA in people with higher education 

and multimorbidity. We did not find studies showing direct correlations between high educational 

levels, decreased social support and PA engagement. In general, studies reported that a high level of 

education was associated positively with social support as it offers greater opportunities for social 

interaction and access to broader social networks.55 However, each population group is different. 

Perhaps there are certain additional key aspects to consider when individuals are multimorbid and at 

increased dementia risk. For instance, although individuals may have a higher level of education and 

selfefficacy when they suffer from multimorbidity, they may experience changes in their social 

environment and support, which could affect their probability of engaging in PA. Hence, social 

support might be also an essential factor to consider when planning PA promotion strategies for 

persons with multimorbidity and at increased dementia risk. 

Finally, low educational level and alcohol consumption were also risk factors, as these factors 

reduced the likelihood of regular PA in follow-up. These findings are in accordance with the 

literature, as it has been found that low educational levels and alcohol consumption are associated 

with low PA levels.56 This may be due to unfavourable socioeconomic factors, social and cultural 

norms that normalize alcohol consumption and hinder access to resources, knowledge, and skills 

needed to initiate and maintain PA behaviour.57 Programs aimed at increasing self-efficacy among 

low-educated older adults should consider the challenges and limitations inherent to this population 

sub-group. Such programs could incorporate components and strategies that guarantee access to 

resources, support, knowledge, and skill building. 
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Strengths and Limitations 
One of the strengths of this study lies in the utilization of decision tree analysis. This approach 

facilitated examine complex interactions among mediating factors for PA engagement during the 

follow-up period and identified high-risk subgroups. The classification of the population based on 

these findings will contributetotheeffective targeting anddesign offutureinterventions targeted at 

high-risk groups for dementia. The study has recognized various limitations, highlighting the need to 

interpret the findings carefully. Firstly, larger sample sizes are necessary to ensure more robust and 

reliable results. Furthermore, the exact amount of PA undertaken by individuals is unknown, as only 

the receipt of the multimodal intervention is documented. Lastly, the samplewasratherselective-

basedontheinclusioncriteriaalone, an increased number of participants were probably physically 

inactive (physical inactivity is also a component of the CAIDE score, and criteria such as body-mass-

index (BMI) > 30, which also correlates strongly with inactivity). Therefore, the results can only be 

generalized to a limited extent. 

Conclusion 

The study sample did not exhibit any significant impact on PA effect following the intervention. 

However, certain subgroups showed an increased likelihood of adopting regular PA during the 

follow-up period. Notably, participants who experienced an improvement in their self-efficacy scores 

at follow-up had a higher probability of enhancing their regular PA, mainly if they were initially 

physically inactive. These observations suggest that intervention programs successfully enhancing 

self-efficacy are more likely to promote regular PA. Therefore, self-efficacy remains a crucial aspect 

to consider and evaluate in future intervention studies targeting older adults with multimorbidity and 

at increased dementia risk. Efforts should be focused on individualizing interventions, particularly for 

men, individuals with type 2 diabetes, those with low social support, those with intermediate or low 

education, and those with higher alcohol consumption. 
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Abbreviations 
BMI Body-mass-index 

CAIDE Cardiovascular Risk Factors, Aging, and 
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GDS Geriatric Depression Scale 

GP General practitioner 

LSNS Lubben Social Network 

MoCA Montreal Cognitive Assessment 

PA Physical activity 

SPSS Statistical Package and Services Solutions 

NCDs Non-communicable diseases 

WHO World Health Organization. 
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Abstract 

Background 
Despite physical activity (PA) health benefits, people with dementia (PwD) continue to report low levels of 

PA engagement compared with healthy older adults. Evidencing that PA initiatives still not reflect effective 

practice and outcomes. Previous studies have shown that several factors can mediate PA initiatives 

implementation in this population. However, most prior research have not use implementation science 

frameworks to outline in-depth barriers and facilitators that enables improved PA strategies in PwD. 

Therefore, a more holistic understanding of mediating factors is still needed. 

Objective 
To identify multilevel barriers and facilitator factors, applying the Consolidated Framework for 

Implementation Research (CFIR) to orient a systematic evaluation of one PA project in PwD and provide 

evidence-based evaluation results to enhance PA implementation efforts for PwD. 

Method 
A qualitative study implemented in 4 German sports associations that applied a PA project for PwD. A total 

of 13 semi-structured interviews were conducted with 21 participants, project leaders (PLs) and sports 

trainers (STs). The Consolidated Framework for Implementation Research (CFIR) was used as an 

evaluation framework to orient both the data collection and analysis. 

Includes confidential information obtained from the qualitative interviews. Also, because of ethical regulations, complete 

interview transcripts cannot be provided. However, some transcript extracts are included in the manuscript. On request, a 

deidentified list of codes or meaning units can be provided, subject to approval by the DOSB steering committee. For data 

access, contact the Project management "Sport moves people with dementia” via email: nuessler@dosb.de. 
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Results 
A total of 13 interviews were conducted with 21 participants. The CFIR guided the identification of barriers 

and facilitating factors that need to be targeted at different levels for successful implementation. Barriers 

were identified, especially in the external level, as more solid networks and funding for sustainable 

proposals are still needed. Other barriers were low participation rates, stigma around the disease and the 

COVID 19 pandemic. On an individual and structural level facilitators were found like motivated appointed 

leaders, established planning process, and external organizations supporting sports associations in the 

implementation. 

Conclusion 
Sports projects for PwD can benefit from structuring their interventions based on the CFIR framework as it 

helps identify multilevel factors that may influence their success and promote PA among PwD. Future 

efforts should continue working on implementing frameworks that facilitate and reduce the complexity of 

implementing sustainable PA projects for PwD. 
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Olympischer Sportbund; PLs, Project 

Leaders; STs, Sport Trainers; QCA, Conventional Qualitative Content Analysis. 

Introduction 
Worldwide dementia cases will triple by 2050, from 57.4 million cases in 2019 to 

152.8 million cases in 2050 [1]. Dementia has considerable implications for 

individuals’ cognition, function and behavior [2]. Mainly since it is a disease 

characterized by a progressive loss of memory and cognitive functions [3] 

accompanied by restrictions in physical functioning involving reduced muscle 

strength, balance, and mobility [4]. Thus, the public health sector has endeavored 

to detect potential strategies that might delay the onset and progression of the 

disease [3]. There is increasing agreement that physical activity (PA) is a beneficial 

non-pharmacological treatment in prevention and dementia care management that 

can lead to enhanced cognitive function, independent functioning and 

psychological health [5–7]. In order to obtain such positive health benefits, 

according to the World Health Organization (WHO), people over 65 should regularly 

engage in moderate-intensity aerobic PA for 150 minutes per week [8]. 

Despite the acknowledged benefits of PA, a gap still prevails between WHO 

recommendations and actual implementation, as in many cases, PA interventions 

still do not reflect effective practice and outcomes. Three-quarters of women and 

three-fifths of men aged 65 years and older engage in less than 150 min of aerobic 

PA per week, and half of them engage in less than one day per week of aerobic PA 

[9]. In particular, sedentary time is significantly higher in persons with dementia 

(PwD) compared to healthy older adults [10]. Given these low levels of PA, several 

research findings indicate facilitators and barriers to PA participation among PwD 

For instance, the barriers included bio-medical reasons, physical ability, reduced 

mobility and pain, cognitive impairments, mental wellbeing, relationship dynamics, 

socioeconomic reasons, difficulties with guidance, reliance on their care partner, 

low intrinsic motivation, poor understanding and stigma against dementia, changes 

in the social and physical environment, poor access to exercise providers and 

exercise opportunities that met needs and preferences [11– 14]. On the other hand, 

noticeable facilitators for PA were motivation to maintain physical and mental 

health, participation in preferred PA options, support and guidance for PA, access to 

convenient, enjoyable, inclusive, and personalized PA options, care partners, social 

engagement, perceived PA benefits, emotional and physical well-being, social 

connectedness, confidence improvements, family support, therapist support, and 

tailored, fun and flexible group dynamics [11–14]. Other factors mentioned in the 

literature mediating PA engagement among this population include environmental 

and community support [12, 15]. Thus, organizations, stakeholders, local planners, 

communities and health care professionals have the potential to encourage PA 

while building physical environments, guaranteeing accessible PA venues, and 

designing and sustaining sport strategies [16]. In this way, there is growing evidence 

that highlights PA mediator factors that may influence implementation and thus PA 
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participation within the social-ecological model in PwD [13, 17]. Particularly since 

numerous interpersonal, organizational, community and public policy factors 

mediate PA engagement and adherence, making it a dynamic and multifaceted 

process [13, 17, 18]. 

In spite of the existing evidence [11–14] on the potential barriers and facilitators 

mediating PA outcomes in PwD, prior research did not provide a scientific angle 

using frameworks for implementation research. According to the most recent 

systematic reviews published in 2016 [13]and 2018 [14], studies synthesized 

barriers and facilitators to PA adherence in PwD, mainly including qualitative 

methodologies using data collection strategies like interviews and focus groups. 

However, to narrow the gap from research findings to practice, a more 

comprehensive insight into the barriers and facilitators is required to bring more 

effective implementation strategies [19]. For this purpose, a number of theories 

and models have emerged to indicate factors influencing effective implementation, 

considering challenging transformations within the healthcare practice, where 

multiple levels of potential barriers need to be considered [19]. For example, 

particular features of the practitioners and individuals concerned and the context in 

terms of the societal, institutional, economic and political environment [20]. 

One widely applied science framework is the Consolidated Framework for 

Implementation Research (CFIR) [21–23], which is used as a guiding tool for the 

multilevel assessment of implementation settings to detect facilitators and barriers 

to the successful implementation of interventions [22, 23]. Furthermore, it offers a 

set of standardized and comprehensive implementation constructs, which account 

for characteristics that may influence implementation and thus play an essential 

role in whether or not interventions are successful [22, 23]. Thus, this model groups 

these constructs into five domains: (1) Intervention characteristics (characteristics 

of the initiative likely to affect implementation); (2) Inner setting (organizational 

characteristics likely to affect implementation); (3) Outer setting (environmental 

characteristics likely to affect implementation); (4) Characteristics of individuals 

(persons engaged in the initiative likely to affect implementation); and (5) 

Implementation process (planning, executing, evaluating the intervention) [22, 23]. 

Regardless of the existence of such frameworks, their value to the field of 

dementia care and PA remains limited [24]. Therefore, there is a need for further 

research that utilizes implementation science frameworks to outline in-depth 

barriers and facilitators of the intended change in practice at different levels to 

clarify the potential drivers of change and the challenging implementation dynamics 

and enable improved dementia care PA initiatives outcomes [19, 

24]. 

Given the limited use of an application science framework in this particular field 

of research, this study aims to use the CFIR to identify and synthesize facilitators 

and barriers when implementing the project "Sports moves people with dementia" 



PLOS ONE Physical activity project for persons with dementia: Barriers and facilitator using the CFIR 

PLOS ONE | https://doi.org/10.1371/journal.pone.0289737 August 9, 2023 27 / 134 

(Sport bewegt Menschen mit Demenz) [25], a project initiated by the German 

Olympic Sports Confederation (DOSB) in cooperation with the German Alzheimer’s 

Society and funded by the Federal Ministry for Family Affairs, Senior Citizens, 

Women and Youth to introduce new sports offers for people with dementia and 

their relatives in German sports clubs. In this way, the CFIR framework allowed for 

synthesizing barriers and facilitators for PA initiatives implementations in PwD, 

which could provide comprehensive, supportive and scientific guidance for 

healthcare 
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policymakers and practitioners to improve future 

implementation efforts of PA strategies in different settings. 

Methods 
Qualitative methods are implemented to recognize crucial 

multilevel barriers and facilitators in the implementation of a PA 

project among PwD based on the experience of the subjects 

involved in the study, and to elicit perceptions towards provision 

of PA initiatives for PwD within German sports associations. 

Ethic statement 
As the study was part of the internal DOSB project evaluation, 

did not include participants that were patients (PwD), 

anonymized participants’ responses, and did not require 

physical contact that implied any risk of discomfort or 

inconvenience to participants, ethical approval from a 

committee was not sought. Instead, the study was presented in 

detail to the steering committee of the DOSB project "sports 

moves people with dementia" (Sport bewegt Menschen mit 

Demenz). This way, the DOSB steering committee members 

decided whether to allow this study. The DOSB is a recognized 

entity with extensive experience in complying with the 

guidelines and ethical standards of its sports projects, ensuring 

the consent, confidentiality and anonymity of those 

participating. After study approval, members of the DOSB 

steering committee informed project staff about our study, and 

those interested in participating could do it voluntarily. 

Interested participants received written information by e-mail 

about taking part in an interview study. This invitation specified 

that participation would be anonymized, with no possibility of 

identification from third parties, with the possibility of ending 

the interview at any moment with no need for explanation and 

with the assurance that this would not be reported to those 

responsible for the project. Participants’ consent was informed 

orally. Written consent was not obtained to avoid further 

documentation that could compromise the participants’ privacy. 

Verbal informed consent was given at the beginning of each 

interview. 

Setting 
The Federal Government of Germany developed the National 

Dementia Strategy [26] under the leadership of the Federal 

Ministry of Health, the Federal Ministry for Family Affairs, Senior 

Citizens, Women and Youth and the German Alzheimer’s 

Association (DAlzG). One of the defined areas of action in this  
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strategy includes social participation, which seeks to encourage 

local authorities to provide more dementia-sensitive public 

places, including sporting opportunities [26]. In particular, one 

project that is in accordance with the National Dementia 

Strategy and reflects this increased level of commitment 

promoting PA among PwD is the largescale project "Sport 

bewegt Menschen mit Demenz" (Sports moves people with 

dementia) [25]. 

This project aimed to test different sports initiatives among PwD 

from October 2020 to June 2022 within four German sports 

associations: The German Sports Associations of Lower Saxony, 

the German Sports Associations of North Rhine-Westphalia, the 

German Table Tennis Association, and the German Gymnastics 

Association. Each association offered different approaches to 

promote PA among the target group. For instance, the sports 

associations of Lower Saxony implemented educational 

programs for sports trainers, expanded exercise offers for PwD 

and their relatives, and promoted sports networking on a 

national and regional level [25, 27]. The sports associations of 

North Rhine-Westphalia based on current offers developed 

sports initiatives for individuals in the early stage of dementia 

where they could participate during 12-week in sports activities 

including accompanied bike rides, canoe trips, walking and 

hiking, gymnastics, dance and music, and games [25, 28]. The 

German Table Tennis Association offered PA opportunities 

where PwD practiced coordination and resistance exercises 

while playing table tennis, trained cognitive skills while learning 

different movements, and enhanced social skills while playing 

with others. Some modifications were made to the elements 

used in table tennis to facilitate participation; for example, 

bigger balls were used. It was also possible to play either 

standing or sitting [25, 29]. Finally, the German Gymnastics 

Association aimed to reduce the dropout rate of people with 

dementia, allowing those affected to participate in their sports 

groups for as long as possible. Thus, exercise instructors 

received educational training to be sensitized to the clinical 

picture and be able to work with those affected by recognizing 

their specific needs within the exercise session while keeping 

them integrated and active in their sports group [25, 30]. 

Sample and recruitment 
This qualitative descriptive study was conducted with project 

leaders (PLs) and sports trainers (STs) from the four sports 

associations involved in the project "Sport bewegt Menschen mit 

Demenz" (Sports moves people with dementia). PLs were higher- 
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level administrators within the associations managing and 

coordinating the sports initiatives. Additionally, the majority of 

STs were qualified, B-licensed exercise instructors focused on 

health, prevention and rehabilitation. Recruitment of PLs and 

STs was carried out through purposively sampling for recruiting 

participants with the best chance of obtaining relevant and 

meaningful data [31]. The DOSB project coordinator was the 

person in charge of help finding suitable interview participants. 

Thus, PLs and STs from the German Sports Associations of Lower 

Saxony, the German Sports Associations of North Rhine-

Westphalia, the German Table Tennis Association, and the 

German Gymnastics Association, participating in the project, 

were contacted and invited via email to be interviewed. Thus, 

each PLs and STs received a personal invitation to be part of a 

semi-structured interview. Every person reached was interested 

in being part of the study. 

Implementation science framework 
We used the CFIR as a guiding framework for data collection and 

analysis as it provides a comprehensive, holistic and dynamic 

series of different constructs grouped into five domains that 

have been linked with successful implementation across 

multiple levels [32]. Thus, the CFIR framework offered a social-

ecological perspective and an ideal multilevel structure for 

providing evidence on barriers and facilitators that need to be 

addressed if PA interventions among PwD are to be successfully 

implemented [33]. Table 1 describes CFIR domains included in 

this study. 

Data collection 
Qualitative data was collected through semi-structured 

interviews. Thus, interviewers followed a qualitative semi-

structured interview guide designed based on a template of CFIR 

constructs accessible at https://cfirguide.org/tools/ (see S1 

Table). This template allowed us to select twenty constructs and 

questions relevant to the study [32]. Also, we could adjust the 

guide and include other questions relevant to the project. 

Finally, members of DOSB and DALzG reviewed this guide to 

ensure its quality and relevance. Due to the COVID pandemic 

restrictions, semi-structured interviews were conducted via 

videoconference using the Zoom platform between December 

2021 and February 2022. A total of 13 interviews were 

conducted by trained psychologist with experience in qualitative 

research. In total 21 participants, PLs (n = 6) and STs (n = 15) 

completed the interviews. The average duration of each 

interview was one hour and forty-five minutes. All interviews  

https://cfirguide.org/tools/
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were recorded and transcribed verbatim. The interviews were 

conducted in German and translated into English after 

transcription. All 

Table 1. Definitions of the CFIR domains and constructs included in this study [33]. 

CFIR Domain CFIR Construct Definition 

Intervention 
Characteristics 

Relative 

advantage 
The perceived benefit of executing the intervention over a different strategy 

Adaptability The extent that the intervention is adequate to meet the specific local needs 

Intervention 

Source 
The perception of whether the intervention development originates from external or internal 

sources 

Complexity Perceived difficulty of implementation 

characteristics 

of 

individuals 

Motivation The stage an individual has reached as he or she moves toward becoming a skillful and 

enthusiastic adopter of the intervention 

Knowledge and 

beliefs about the 

intervention 

Attitudes towards the value of the intervention 

Self-efficacy Individuals’ belief in their own abilities to carry out certain actions 

Process Planning The degree of development of an anticipated concept and method regarding the execution tasks 

Formally 

appointed 

internal 

implementation 

leaders 

Individuals formally designated inside the organization with the responsibility of delivering the 

intervention 

Engaging Involvement of relevant individuals for the intervention using a social marketing strategy, 

education, training, etc. 

Executing Execute implementation as planned 

Reflecting and 

evaluating 
Collection of quantitative and qualitative information on the advances and quality of project 

implementation 

Inner setting Implementation 

climate 
The degree of the organization’s capacity for change and receptiveness towards the use of an 

intervention 

compatibility The extent to which the significance and attributed values of the intervention are in line with 

current work practices 

Learning climate The environment allows individuals to express their need for assistance, to feel appreciated and 

confident to try new methods, and to find time for discussion and evaluation 

Relative Priority Shared perception among individuals concerning the implementation’s relevance 

Communication The type and quality of formal and informal communication that exists within the organization 

Available 

resources 
Resources allocated for implementation, such as funds, training, physical space, and time 

Outer Setting Cosmopolitanism The extent to which an organization is connected to external organizations 

External policy 

and incentives 
Contemplates external strategies to disseminate actions and interventions, such as policies, 

regulations, guidelines, etc. 
https://doi.org/10.1371/journal.pone.0289737.t001 
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transcriptions were also pseudonymised. The illustrative 

quotations were translated into English for the present 

publication and proofread by a native German speaker. 

Data analysis 
Conventional qualitative content analysis (QCA) was applied to 

provide descriptive insights and an understanding of the 

understudied subject [34, 35]. The textual data (the transcripts) 

was read and then text fragments were analyzed to be 

associated with relevant codes. When developing the coding 

framework, we used a unified deductive and inductive category 

approach. In the case of the deductive categories, they were 

drawn out of the semi-structured interview guide based on the 

CFIR domains and constructs, while the inductive subcategories 

arose at the time of the interview. Thus, interviews were used to 

explore further subcategories to identify areas relevant to a 

broader scope of discussion. To ensure the coding framework 

was comprehensive, interviews were thoroughly reviewed 

multiple times. In cases in which no other categories could be 

extracted from the interview transcripts, a lineby-line analysis of 

all the interviews was carried out using the coding framework 

[34, 35]. Additionally, through the interviews, we quantified the 

total number of barriers and facilitators encountered when 

implementing the project according to the perceptions of the 21 

participants. 

Results 
Main results obtained from the interviews describing facilitators 

and barriers for PA initiatives implementation among PwD can 

be categorized into the five main CFIR domains: 1) Intervention 

Characteristics, 2) characteristics of individuals, 3) Process of 

implementation, 4) Internal setting, and 5) Outer setting. Table 

2 shows the number of facilitators and barriers identified 

according to participant’s perceptions, based on the CFIR 

framework. 
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Table 2. Barriers and facilitators for PA initiative implementation based on the CFIR framework. 

CFIR Domain CFIR 

Construct 
Number of barriers and 

facilitators identified 

according to participants 
perceptions (n = 21) 

Quotation 

Barrier, 

yes 
Neutral 

or not 

specified 

Facilitator, 

yes 

Intervention 

Characteristics 
Relative 

Advantage 
0 0 21 "Sports offerings for older people [...] is a very important point here. 

The clubs that expand their offerings to include such activities are also 

positioned for the future from our point of view [. . .]. And of course, 
the topic of inclusion, i.e. of people with illnesses, with disabilities, is 

also a relevant field of action". PL3 

Adaptability 4 8 9 “The project is certainly necessary when you see that there will be 

more and more people who have dementia. People are getting older 

and older and you are more likely to meet people with dementia”. ST2 

Intervention 

Source 
0 3 18 “The advantage, of course, is always that when you have something like 

the DOSB and the DAlzG, some large sponsorship behind it, you 
often don’t have to worry about how it’s going to be financed. It has to 

be a very big factor, especially for an association”. ST10 

Complexity 19 2 0 “The obstacles lie in the persons themselves or in the relatives and ’I 

don’t want to bring or pick up my relatives, I don’t have the time’ or 

they say ’No, I can’t walk’ or ’I’m not going to start doing sports in my 
old age’. ST13 

Characteristics 

of 
Individuals 

Motivation 0 5 16 “PA helps PwD health, well-being and so on. And knowing that there is 

relatively little offered for dementia patients, it is my incentive to 
say, hey, I’m going to help these people, offer something for them to 
get them out of their home once a week, have exercise, have joy and 

fun". ST10 

Knowledge 

and Beliefs 

about the 

Intervention 

3 5 13 "I think the project is very important because sports really changes the 

development process of the disease, because people have more fun, 
because it brings inner". ST7 

Self-efficacy 0 5 16 "So, on a scale of one to five on how confident I feel implementing the 

project, I’m a four since we implemented the project. I won’t say I’m a 
five since there is the issue of Corona" PL1 

Process Planning 5 2 14 “Yes, we have a method, we have created a project concept and I have 

also created a rough schedule with a milestone plan”. PL6 

Engaging 0 0 21 “I personally find the fact that we do this together with the project 

management a very great added value, because we both have our own 
areas of expertise and I find that in this case they very well matched.". 

PL4 

Executing 0 0 21 "We have implemented the project always trying to address as many 

different aspects as possible. We always started with memory training 
and social interaction [...]. Then we did muscle training combined 
with balance exercises [...] we tried to include some kind of dual 

tasting exercises. ".ST10 

Reflecting 

and 

Evaluating 

14 2 5 "No, we didn’t do any evaluations, unfortunately. So, we talked briefly 

with the supervisors afterwards and exchanged ideas about what they 

saw, what improvements, how they received it, or how the sports 

program was going. But that is not documented". ST4 
(Continued) 

Table 2. (Continued) 

 

 

 

 

 



  

PLOS ONE | https://doi.org/10.1371/journal.pone.0289737 August 9, 2023 34 / 134 

CFIR Domain CFIR Construct Number of barriers and 

facilitators identified according to 

participants 
perceptions (n = 21) 

Quotation 

Barrier, 

yes 
Neutral or 

not 

specified 

Facilitator, 

yes 

Inner Setting Implementation 

Climate 
3 4 14 “I would say the association is committed in the sense of 

wanting to participate and provide support”. ST1 

Compatibility 0 3 18 "We are open to the project because it just fits perfectly 

so far in our strategy". PL2 

Learning Climate 0 6 15 "There were training offers that actually supported us a 

lot in our project progress". PL6 

Relative Priority 10 6 5 "So given the other issues that are on the agenda right 

now, it’s certainly not the highest priority". PL6. 

Communication 6 4 11 “This exchange between STs and supervisors doesn’t take 

place regularly or at all”. ST6. 

Available Resources 1 5 13 “Financial resources are provided to us through project 

funds. That is an essential factor to carry out the 

project”.PL1 

Outer Setting Cosmopolitanism 18 0 3 “In our case, there is not necessarily good networking 

between the individuals, care facilities and so on, i.e. 

doctors, PwD, sports clubs. If 
there was a better network, i.e. better cooperation 

overall, then I think 
it would be easier to reach more people”. ST4 

External Policy and 
Incentives 

0 19 2 “Regulations and guidelines have influenced the decision 

to implement the measures and above all these whole 

project”. ST9 
https://doi.org/10.1371/journal.pone.0289737.t002 

Theme 1: Intervention characteristics 
The following intervention characteristics facilitated the 

execution of this sports project among PwD. All participants (n = 

21) believed there was an advantage of implementing this 

project within their sports associations and almost the half (n = 

9) perceived that this sports project was adaptable to fill 

existing gaps at the local level. In addition, most of them (n = 18) 

perceived positively the intervention source and the external 

institution that developed it (e.g., DOSB, DAlzG). They felt 

supported by them in providing funding, training and contacts 

with other experts. 

Ϧ²ŜΩǾŜ ōŜŜƴ ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘƛǎ ǘƻǇƛŎ ŦƻǊ ŀǘ ƭŜŀǎǘ ǘŜƴ ȅŜŀǊǎ, but 

we get more and more feedback from exercise instructors 

saying that memory problems are becoming more evident in 

some of the long-term club members. Thus, exercise 

instructors ask "What can we do? How do we deal with this? 

And we are already seeing quite a lot of interest and need for 

information about the disease. And from there, this project  

 

https://doi.org/10.1371/journal.pone.0289737.t002
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could be an important step forward to address these 

questions". PL6 

In contrast, the majority of participants (n = 19) expressed 

concerns on the complexity of the project. Most participants felt 

that the innovation was complex due to low participation rates 

associated with stigma towards dementia, the pandemic, and 

characteristics of the target group (e.g. stage of dementia, 

dementia symptoms). 

ά¸ƻǳ ƘŀǾŜ ǘƻ ōǊƛƴƎ ŀ ƭƻǘ ƻŦ ŜƴŜrgy in order to place this topic 

at all. It is still stigmatized, I would think. !ƴŘ ƛǘΩǎ ƴƻǘ Ŝŀǎȅ ŦƻǊ 

the associations to communicate that they have appropriate 

offers and to reach participants. So, these are major 

obstacles, reaching people and it is certainly the case that it is 

still a negative and fearful topic”. PL6 

Theme 2: Characteristics of individuals 
The characteristics of individuals that could influence the 

success of project implementation were associated with 

majority of PLs and STs (n = 16) being highly motivated. Also, 

most of them (n = 13) expressed positive opinions about the 

innovation and felt confident (n = 16) about their own 

knowledge and skills to deliver the interventions. 

άL ŦŜŜƭ ǾŜǊȅ ŎƻƴŦƛŘŜƴǘ, thanks to the trainings I have received 

and my experience in three other projects”. ST9 

However, the pandemic restrictions and the low number of 

participants led them (n = 5) to some uncertainty. 

ά²Ŝ ǿŜǊŜ ŀƭǿŀȅǎ ǎǳǊŜ ǘƘŀǘ ǘƘŜ ǇǊƻƧŜŎǘ ŎƻǳƭŘ ōŜ ŎŀǊǊƛŜŘ ƻǳǘ 

and that it was good and important. However, the only 

factors that made it so uncertain for us were the pandemic 

and the number of participants”. ST11 

Theme 3: Process 
As a facilitator factor in the process domain, it was found that, 

according to 16 participants, most associations incorporated a 

detailed plan with the necessary steps for implementation. 

Besides, the 21 participants affirmed that all associations 

formally appointed internal implementation leaders for 

executing the sports initiatives and all accomplished the 

implementation of the project. 
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ά¸Ŝǎ, we have a method. We have created a project concept 

and I have also created a rough schedule with a milestone 

plan”. PL6 

We identified as a barrier that according to 14 participants 

there was no quantitative or qualitative assessment on the 

progress of implementation. 

"The limited funds available do not allow for an external 

evaluation. Also, an external evaluation, or even an internal 

evaluation, exceeds the possibilities of a non-profit 

association both financially and in terms of manpower". PL5 

Theme 4: Inner setting 
Some characteristics of the associations and sports clubs 

facilitated the implementation of the sports initiatives. The 

majority of participants (n = 14) agreed that the project has a 

positive implementation climate. Moreover, most of them (n = 

18) mentioned that the project was compatible and in line with 

existing work processes, norms and values, and the needs of 

association members. In addition, most participants (n = 15) 

mentioned a positive learning climate where associations 

offered training opportunities on the topic sports and dementia. 

"I would say that the association and the board are very open 

to new offers. So they tend to be immediately involved when it 

comes to such new initiatives, especially in the area of older 

people". ST4 

On the contrary, almost the half (n = 10) of PLs and STs 

perceived some barriers within the associations and sports clubs 

in terms of a low priority towards dementia and sport compared 

to other topics. Also, major part of participants (n = 11) 

mentioned that even though communication channels and 

working groups existed within their associations, there was still 

a need to increase the possibility of more exchange between STs 

and board members. Finally, large number of participants (n = 

13) were concerned about the available resources as they were 

not sure about how to continue obtaining financial support in 

order to maintain the sports proposals in the long term. 

άL ǘƘƛƴƪ ǘƘŀǘ ǘƘŜ ƻŦŦŜǊǎ ŀǊŜ ŀƭǊŜŀŘȅ ŎƻƴƴŜŎǘŜŘ ǿƛǘƘ ŀƴ 

enormous effort for the exercise leaders. So we need funding 

to continue counting on them”. PL6 
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Theme 5: Outer setting 
A few participants (n = 2) mentioned that external policies and 

incentives, including national strategies, policies, 

recommendations, and guidelines for PwD, facilitated the 

project implementation as those promote action and funding of 

such projects. 

ά¢ƘŜ ŦŜŘŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘ Ƙŀǎ ǊŜŀƭƭȅ ŘŜŎƛŘŜŘ ǎƻƳŜǘƘƛƴƎ ƎƻƻŘ, I 

must say, with the National Dementia Strategy, there is an 

impulse on how to help older demented people”. ST1 

On the other hand, the majority (n = 18) of participants 

mentioned that networking with external structures is still 

needed to propose sustainable initiatives. According to 

participants, it is possible to overcome financing, training, or 

attendance gaps through networking. 

άL ŀƭǿŀȅǎ ŘŜǇŜƴŘ ƻƴ ŎƻƻǇŜǊŀǘƛƻƴ ŀƴŘ ŎƻƭƭŀōƻǊŀǘƛƻƴǎ. I could 

not achieve so much on my own. That means we need the 

support and cooperation of the clubs. Also, the municipal 

structures are actually essential for us. This is where people 

live, where organized sports are networked with the 

professional societies in the community and where they have 

to present their services”. PL6 

Discussion 
Main findings 
In this research, we applied an implementation of science 

framework, the CFIR, to provide a more profound and multilevel 

insight into the process of implementing sports initiatives for 

PwD. Twenty factors (barriers and facilitators) defined by the 

CFIR framework affected the DOSB project’s delivery, 

influencing initiative successful. Through the description of 

these factors, we want to offer a guide towards decisive 

determinants that potentially enlighten future sports initiatives 

implementation in this population. 

Intervention level factors. Different factors played a 

fundamental role at this level and served as facilitators of the 

sports initiative, including relative advantage, adaptability, and 

intervention source. According to the literature, when the 

interested parties consider that the innovation’s 

implementation has an unquestionable benefit and advantage in 

effectiveness, its application will be more likely to be successful 

[20]. Moreover, this knowledge about advantages contributes to  
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positive attitudes towards initiatives that influence the effort to 

demonstrate the initiative’s benefits, which will also help its 

implementation [36]. Therefore, relative advantage is an 

indispensable premise for an innovation to be accepted and 

implemented [37]. In line with the literature, our study 

participants showed a perceived relative advantage from the 

project as they manifested that offering sports initiatives for 

PwD within their clubs gave them a higher positioning than 

other sports clubs by offering more courses and inclusive 

programs. Additionally, participants stated that the project was 

very beneficial for PwD, as sports opportunities for this 

population are scarce but necessary due to their positive impact 

on physical, mental and social health. This perception of the 

projects’ advantages impacted practice because participants 

made a great effort to compromise with the project and 

demonstrate its efficacy. The practical application of these 

results might be translated into future sports initiatives involving 

educational strategies among PA providers and their settings 

that promote knowledge about benefits and advantages of PA in 

PwD. This may raise dementia awareness and future efforts to 

make sporting opportunities available to this population. 

Adaptability was also an important implementation facilitator 

factor. A project that can easily be adjusted to address specific 

community needs has a higher chance of successful 

implementation [33, 38]. Results of this study support the 

previous statement as participants recognized that the project 

was easily modified to meet specific local need. For example, 

participants indicated that the project was adapted to the needs 

expressed by the association trainers, who stated that memory 

problems were becoming more and more evident in the long-

term members. However, they needed more knowledge and 

tools to work with these members. Thus, their initiative within 

the project offered training courses for STs on dementia and 

sports to address lack of information manifested by STs. 

Moreover, they recognized that training sessions were a 

significant step forward and might have influenced the success 

of the project implementation as STs felt more self-confident 

and empowered to work with the target population. In this way, 

adaptability should be considered in practice when developing 

and applying PA initiatives. Those responsible for developing 

proposals should know their context’s needs and define core 

components (elements that cannot be changed) to ensure the 

implementation is relevant to their target population and 

adaptable periphery components (elements that can be changed 

of the innovation) to allow flexibility and adaptation for a variety  
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of contexts [39]. 

Intervention source also stood out as a facilitating factor for 

the interviewees. In line with previous literature, a positive 

perception, whether the project is externally or internally 

developed, play an essential role in influencing effective 

implementation [33, 40]. Our results prove that study 

participants positively perceived that the project originated from 

external organizations (e.g. DOSB, DAlzG). They saw them as 

reputable, credible and trustable organizations which 

encouraged participation among actors to make decision and 

supported implementation providing from the beginning 

expertise, solutions, and previous efforts that served as a solid 

base for the subsequent execution of the project within the 

sports associations. In such a manner, involved actors from 

future PA strategies must perceive that change is not imposed 

on them by intervention sources; on the contrary, actors should 

feel included in the decisionmaking process when building 

change [40]. Those agents who impose change with low 

participation of those concerned are more likely to be 

ineffective in implementation [41]. Therefore, the success of the 

implementation will depend on the trust generated based on 

the participation between the source of the intervention and 

the participants. 

In contrast, the complexity of the initiative was perceived as a 

relevant barrier influencing the initiative’s success. Complexity is 

defined by multiple interacting elements that often bring out 

low participation rates, variability in context, content, mode of 

application and uncertainty of the impact [42]. According to the 

CFIR framework, the perceived complexity of implementation at 

the interventional level also influences the effective execution of 

the project [32]. Our results show that participants expressed 

high complexity in developing sports initiatives aimed at PwD. 

These difficulties interfered with project implementation, 

affecting, in most cases, the number of PwD involved. Mainly, 

the complexity of the intervention, affecting low participation 

rates, resulted from three components: 1) Behavioral 

components and actions on behalf of the target population. For 

instance, PwD evidenced fearful behaviors when revealing their 

diagnosis to others. Especially people in the early stages of 

dementia were afraid to admit their diagnosis when 

participating in the sports initiative designed for PwD. 

Consequently, they preferred not to take part in these kinds of 

initiatives. Moreover, low motivation levels were also noticed 

among PwD as they manifested beliefs such as “working out 

requires more effort than the benefits it brings; I am too old to  
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start exercising”. These results are consistent with findings from 

previous studies, showing that loss of motivation in PA is 

present in at least 70% of PwD [43, 44]. Likewise, low willingness 

was noticed from caregivers to bring and accompany persons 

with dementia in the sports sessions; 2) Community 

components, where sports associations manifested that 

dementia in their sports clubs was a fearful topic as STs and 

members lacked awareness and had a negative attitude against 

the disease; And 3) Contextual component, characterized by the 

COVID-19 pandemic, which interfered with the PA project 

implementation and participation of PwD as STs were forced to 

change their initial implementation ideas, adapt and restructure 

their plans according to the new restrictions and provide 

activities and spaces where it was safe to practice sports. Thus, 

those insights into the intervention’s complexity may be helpful 

for the successful implementation of future initiatives. The 

ability to illustrate and reproduce intervention’s complexity 

matters, given their extensive application across health and 

social support services and the increased concern for improving 

our understanding of their efficacy and outcomes [45]. 

Eventually, to illustrate project’s complexity, might lead to an in-

depth comprehension of their action processes and impacts, i.e., 

how and why they operate in a particular setting [46]. In this 

particular project, the perceived complexity at the intervention 

level demonstrates that there is still a great need to sensitize 

and educate sports clubs and communities about the disease. 

Also, it is necessary to target motivational levels, including intra- 

and interpersonal aspects, when developing sports initiatives for 

PwD, such as preferred and enjoyable PA offers, promoting 

positive experiences and attitudes towards PA, and providing 

social support [13, 47]. Finally, the pandemic highlighted the 

importance of having PLs and STs responsible for PA initiatives 

with the resources and time to adjust plans and develop new 

ideas according to the inconveniences that might arise during 

implementation. 

Individual level factors. At the individual level, three main 

facilitators were found for successful sports initiative 

implementation: motivation, knowledge and beliefs about the 

intervention and self-efficacy. According to the CFIR framework, 

the individual level emphasizes the significance of people’s roles 

and features in the innovation’s execution and delivery, mainly 

since individuals’ actions and behaviors drive the project’s 

implementation and personal attributes also mediate the 

effective delivery of the project [32]. This study supports this 

statement as highly motivated and self-confident PLs and STs  
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implemented the project despite the various challenges that 

such an initiative entails. Thus, care practice and future PA  

 

initiatives for PwD should capture and incorporate strategies to 

enhance PA provider’s motivation, knowledge and beliefs about 

the intervention and self-efficacy as determinants for successful 

implementation, as mentioned in the literature [48]. Motivation 

understood as the willingness of individuals to undertake an 

action because they are intellectually and emotionally 

connected to it [49]. Accordingly, when individuals are 

motivated, such enthusiasm can translate into the effective use 

of innovations as positive subjective opinions, personal 

experiences, perceptions, and attitudes towards a new behavior 

precede engagement and change [50, 51]. In addition, self-

efficacy, individuals’ belief in their ability to carry out roles and 

make a change [52], is a relevant factor for the successful 

implementation of the initiatives because those who feel 

confident in their skills tend to be more motivated and 

committed to participating and implementing the proposals 

despite obstacles [20]. One helpful way to understand and 

improve the willingness and readiness of people involved in 

implementing initiatives is the Stages of Change Model 

(Transtheoretical Model), as it outlines the way an individual 

builds up new behaviors through different stages (pre-

contemplation, contemplation, preparation, and action and 

maintenance) [53]. Different strategies can support individuals 

to move forward into the next phase and thus gradually move 

toward skillful, enthusiastic, confident and motivated PA 

providers who are needed to implement successful innovations 

[20]. 

Process level factors. At the process levels, different 

determinants also played a fundamental role for successful 

implementation, including planning, formally appointed internal 

implementation leaders, engaging and execution. Different 

theories from the perspective of quality management and 

integrated care provide a set of principles that illustrate how 

implementations should be conducted to be successful, thus, 

most approaches agree on four activities: planning, 

engagement, implementation and evaluation [33]. Consistent 

with the literature, this study supports these theories as 

planning, engagement and implementation were used to 

implement the initiatives successfully. Nevertheless, it was not 

possible to implement an evaluation because evaluation 

processes exceeded the possibilities of non-profit associations in  
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terms of staffing and lack of funding, which underlines that in 

future, such projects should focus on ensuring that there are 

enough resources to support projects at every stage. In this way,  

 

future programs could consider such implementation 

activities (planning, doing, evaluating) so that their projects have 

structures and processes to ensure sustained effort and change. 

Inner setting level factors. At the inner setting level, 

implementation climate, compatibility, learning climate, and 

available resources were facilitator factors for implementation. 

The CFIR framework states that the degree to which an 

intervention’s application is valued, supported, and expected 

within an organization impacts its success [32]. This is reflected 

in our results since the sports associations showed compatibility 

(with current work practices), had a positive implementation 

climate (receptiveness towards the initiative), provided a 

positive learning climate, and provided resources facilitating the 

project implementation. In particular, most participants 

indicated that it was essential for implementation that the 

project provided associations with resources, including financial 

support for covering costs associated with the payment of STs, 

the provision of materials, and the availability of educational 

opportunities. On the contrary, relative priority and 

communication were factors considered by participants as 

barriers for implementation. In this way, the inner setting should 

also be addressed within the practice as a factor that has an 

active role in interacting with the implementation. As such, 

future initiatives could include an objective description of their 

settings, i.e., specialization, size, maturity, and age, as these may 

be positively or negatively associated with implementation [54]. 

Outer setting level factors. Finally, at the outer setting 

level, cosmopolitanism and external policy and incentives were 

influencing implementation factors. According to the literature, 

organizations that are supported and encouraged by external 

agents are more likely to implement new practices readily and 

sustain them over time [32]. This was reflected in the results of 

our assessment, as the participants stated that having a solid 

network, the support of DOSB and DAlzG, and active national 

policies allowed them access to the necessary resources to carry 

out the project. However, the participants remained concerned 

about the need for a more robust networks with other 

associations and relevant actors in this field (policymakers, PLs, 

STs, PwD, general practitioners, neurological clinics) for 

sustainable proposals as networking encourages active  
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participation, exchange of knowledge, and funding 

opportunities [33]. Thus, for further sports initiatives to be 

implemented, should take into account macrolevel factors, as 

connections and changes in the outer setting can positively or 

negatively impact the implementation. 

Strengths and limitations. Planning and delivering sports 

projects for PwD is challenging, as different interpersonal, 

organizational, and community factors influence the success of 

these initiatives. Therefore, this study corroborates the potential 

of the CFIR as a conceptual guide for the successful 

implementation of sports projects in PwD, mainly since it 

permits the identification of multilevel factors that will affect 

large-scale project application. Moreover, in this study, we have 

focused our attention on sport association and their sport clubs, 

contexts that play a crucial role in persons PA engagement in 

Germany because of the ongoing sport opportunities they 

provide to a large sector of the population. Therefore, we 

believe that having qualitative data from this precise context, 

provides important insights about factors and barriers that 

might support the development of future strategies to increase 

PA participation among PwD, optimize the benefits of PA and 

prolong the sustainability of such initiatives. When interpreting 

the results of the present study, account should be taken on the 

following limitation. While we sought to collect data on factors 

affecting the implementation of sports initiatives at different 

levels, we interviewed PLs and STs from the sports associations. 

Therefore, the interview responses and our findings represent 

the individual perspectives shared by PLs and STs, rather than 

the perspectives of PwD and their caregivers. 

Conclusions 
This study the CFIR allowed recognizing facilitator factors to 

successful implementation particularly at the individual, process 

and inner setting level. Participants were highly motivated, 

showed positive self-efficacy and attitudes towards the project. 

Moreover, the associations provided detailed planning, 

appointed leaders, and resources needed for implementation. In 

addition, the CFIR helped detect barriers that require attention 

to successfully implement sports initiatives long-term, 

particularly at the intervention and outer setting levels. For 

example, more financial incentives are needed to encourage and 

support STs working with and for PwD long term. Also, there is 

the need to create solid networks for sustainable proposals 

making visible platforms that enable knowledge exchange 

between interested parties. This study also evidenced the lack  
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of evaluation processes to assess the effectiveness of the 

initiatives, not only evaluation processes to assess whether the 

objectives had been met, but also did not measure other 

relevant outcomes that could account for the effectiveness of 

the initiatives, such as changes in PA or psychosocial factors 

after participation in this far-reaching project. It is essential that 

future projects evaluate their effectiveness also, including those 

measurement outcomes, to maximize benefits and assess the 

true scope of such projects. Scientific research has much to 

contribute in this sense; therefore, future synergies between 

practice and science are still needed; both can benefit from this 

collaboration. Finally further research is invited to consider 

conceptual frameworks emphasizing multilevel ecological 

factors as they give Indicators to carry out integral sport 

approaches to cover relevant implementation areas needed to 

promote PA participation in PwD. 
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