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Abstract
Background: Early-onset dementia (EOD) defines all demen-
tia related conditions with an onset before the age of 65 
years. EOD places a large and distressing psychological, 
emotional and financial burden on the individuals them-
selves and their caregivers. For various reasons, diagnostic 
and treatment strategies for EOD are very challenging. There 
is a general agreement that not only the human body but 
also the mind benefits from physical activity and/or exercise. 
Especially aerobic exercise has shown to have favorable ef-
fects on cognitive functions in healthy older adults, as well 
as in patients with MCI and dementia. However, there are 
major differences in age, physical fitness level and clinical 
presentation between EOD and late-onset dementia. There-
fore, one cannot just assume that the same type and inten-
sity of exercise will lead to similar effects in the former popu-
lation. By conducting this scoping review, the authors aimed 
to identify the evidence on the effectiveness of aerobic ex-
ercise on physical and mental health outcomes in individuals 
with EOD, display gaps in this context, and formulate related 
directions for future research. Summary: There are a number 

of reasons to assume that aerobic exercise might be ex-
tremely valuable within individuals with EOD. However, this 
scoping review led to the surprising and striking finding that 
not a single study so far has investigated the effects of phys-
ical exercise on cognition, physical performance and feel-
ings of well-being and quality of life in EOD. Although nowa-
days the disease is increasingly recognized, coping and 
(non-pharmacological) treatment strategies for EOD are vir-
tually non-existent. Key Messages: Exercise intervention 
studies in EOD are lacking. With this scoping review the au-
thors hope to inspire researchers in the field for related direc-
tions for future research. The potential beneficial effects of 
aerobic exercise in individuals with EOD should be explored 
and assessed extensively. Secondarily, decent guidelines for 
non-pharmacological treatment and coping strategies 
should be developed, with the aim of supporting people 
with EOD and their caregivers. © 2021 S. Karger AG, Basel

Introduction

Early-onset dementia (EOD) defines all dementia re-
lated conditions with an onset before 65 years of age. As 
in late-onset dementia (LOD), prevalence rates of EOD 
increase with increasing age. For individuals aged 45–64 
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years, prevalence rate of EOD ranges from 78 to 98.1 per 
100,000 [1]. EOD comprises a heterogeneous group of 
cognitive disorders with Alzheimer’s disease (AD) as 
main etiology, followed by vascular dementia (VaD) and 
frontotemporal dementia (FTD) [1, 2]. Secondary de-
mentias such as alcohol-related dementia, immunologic 
dementia, dementia in multiple sclerosis, traumatic brain 
injuries, and a large number of metabolic, infectious, neo-
plastic and autoimmune disorders, are more common in 
EOD [3]. Although AD is the most common subtype of 
EOD, it accounts for only 34% of EOD cases compared to 
80% of LOD cases [4]. Furthermore, the clinical and im-
aging features of the same dementia subtypes might be 
different in younger individuals than older people [5]. As 
such, AD with early onset presents less commonly with 
memory deficits but tends to have a more non-amnestic 
presentation (worse attention, executive functions, ideo-
motor praxis, and visuospatial skills) than the late-onset 
variant [6]. Since early frontal lobe damage is common in 
many subtypes of EOD, EOD often presents as behav-
ioral changes (like apathy, social withdrawal, inappropri-
ate sexual behaviors, compulsive behavior, altered eating 
patterns, etc.) and personality changes (like irritability, 
selfishness, loss of empathy, etc.) [3]. Besides these behav-
ioral and personality changes, other frequent early fea-
tures of EOD are depression, neurological, systemic, and/
or physical symptoms (such as gait disorder, seizures, pe-
ripheral neuropathy, visual impairment). Major and/or 
well-known cognitive deficits may not develop until later 
in the disease process [3, 7].

Due to the wide variety of potential underlying causes 
(broad differential diagnosis) and the atypical clinical pre-
sentation, individuals with EOD are frequently confronted 
with substantial diagnostic delays and misdiagnoses. This 
debilitating lack of awareness might result in frustrations 
among the individual itself and its significant others. EOD 
might have divers devastating consequences as it strikes 
the individuals at their working age, having a prominent 
role in society and in providing and caring for children [8]. 
Therefore, EOD places a large and distressing psychologi-
cal, emotional and financial burden on the individuals 
themselves and their caregivers, suddenly finding them-
selves in an unexpected and destabilized situation. Due to 
the interfering implications of EOD, the individual is 
forced to quit their job and often loses their motivation for 
social engagement. Participating in activities and perform-
ing household chores becomes difficult, resulting in a tre-
mendously hampered autonomy in daily functioning.

Besides making a timely and correct diagnosis, treat-
ment strategies and approaches for EOD are thus also 

very challenging. The individual with EOD has to cope 
with the sobering realization of their limited capabilities 
and find a useful way of spending their days. Given the 
early age of onset, individuals with EOD generally had an 
active lifestyle before the diagnosis was made. These in-
tact physical abilities might, however, be threatened by 
the limiting cognitive capacities and related loss of initia-
tive. Individuals with EOD often develop apathy and sed-
entary behaviors which may indirectly cause them to be 
at risk for beginning physical decline not proportional to 
their age. Exercise, whether or not supervised, can there-
fore be an excellent choice to counteract potential physi-
cal deterioration and to fill the many long hours a day 
suddenly counts for these individuals. Furthermore, there 
is a growing body of evidence that not only the human 
body but also the mind (cognition) benefits from physical 
activity and/or exercise [9, 10]. Especially aerobic exercise 
has shown to have favorable effects on cognitive func-
tions in healthy older adults [11–15], as well as in patients 
with MCI and dementia [16–21].

However, as described above, there are major differ-
ences in age, physical fitness level and clinical presenta-
tion between early-onset dementia and (late-onset) de-
mentia. Therefore, one cannot just assume that the same 
type and intensity of exercise will lead to similar effects in 
the former population. By conducting this scoping re-
view, the authors aimed to identify the evidence on the 
effectiveness of aerobic exercise on physical and mental 
health outcomes in individuals with EOD, display gaps in 
this context, and formulate related directions for future 
research.

Methods

The 5-stage framework of Arksey and O’Malley [22] was ad-
opted to conduct this scoping review. Scoping reviews apply nar-
rative analytic techniques and are usually not designed to assess 
the quality of individual studies [22, 23]. Some Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) 
items (such as risk of bias across studies and additional analyses) 
are not appropriate or applicable for a scoping review, as ex-
plained in the PRISMA extension for Scoping Reviews (PRISMA-
ScR) by Tricco et al. [23]. These items were therefore not ad-
dressed in this scoping review. The PRISMA-ScR checklist [23] is 
provided in Appendix 1.

Stage 1.1: Identify the Research Question
This review is guided by the following research question: “What 

is known about the effects of aerobic exercise on various health 
outcomes in individuals diagnosed with EOD?” Three key con-
cepts were identified from the review question: “early-onset de-
mentia,” “health outcome,” and “aerobic exercise.”
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Stage 1.2: Identify the Relevant Outcomes
The potential effects of aerobic exercise in individuals with de-

mentia were considered among three main health areas: (i) physi-
cal performance, (ii) cognitive performance, and (iii) well-being 
and quality of life.

Stage 2: Identifying Relevant Studies
This scoping review incorporated manuscripts that met the fol-

lowing inclusion criteria:
• Published in English in peer-reviewed academic journals

 − Physical performance,
 − Cognitive performance, and 
 − Well-being and quality of life. 

• Designs including primary research studies (cross-sectional or 
longitudinal intervention designs), reviews, and meta-analyses 
of suitable primary research studies

• Target population: individuals with dementia, of any age, in 
any setting

• Publication year: no limits
Studies were excluded based on the following exclusion criteria 

(screening by title, abstract and/or full text):
• Walking or other exercise interventions that were not aerobic. 

Combined exercise interventions with an aerobic exercise 
component were included (e.g., brisk walking and yoga)

• Target population: other than EOD (except for healthy controls 
as a comparison group for people with dementia)

• Following evidence types: unpublished and/or ongoing trials, 
study protocols, guidelines, dissertations, conference proceed-
ings, editorials, opinion pieces (without self-collected interven-
tion data), case reports, articles with no primary data, other 
non-academic articles or health magazines
The search terms chosen for the aforementioned key concepts 

in PubMed were “early-onset dementia” OR “early onset dementia” 
OR “young-onset dementia” OR “young onset dementia” OR “pre-
senile dementia” OR “early-onset Alzheimer” for EOD; Physical 
Health OR Physical Performance OR Cognition OR Cognitive Per-
formance OR Mental Health OR Well-being OR Quality of Life OR 
Depression for health outcome; Aerobic Exercise OR Aerobic Train-
ing OR Physical Activity OR Physical Exercise OR Aerobic Activity 
OR Brisk Walking for aerobic exercise. The searches used the lim-
iters: journal type (Peer Reviewed Journal) and language (English).

Search Strategy and Databases
Using these search terms, three electronic databases were 

searched during November and December 2020: PubMed, SCO-
PUS and Embase. The search strategy and selection process is pre-
sented as PRISMA flow diagram [24] in Figure 1.

Stage 3: Study Selection
All records identified through searching the three databases 

were exported to Endnote bibliographic software with abstracts 
and references. After the first author (T.R.d.M.) manually re-

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

El
ig

ib
ili

ty
In

cl
ud

ed

Records identified
through PubMed
searching (n = 12) 

Records identified
through SCOPUS
searching (n = 49) 

Records after duplicates removed
(n = 73 – 6 = 67)

Records screened
by abstract and title

(n = 67)

Records excluded
(n = 56)

Full-text articles assessed 
for eligibility

(n = 11)

Full-text articles excluded
(n =11)
• Target population (n = 8)
• Not aerobic (n = 2)
• Health outcome (n = 1)

Studies included
(n = 0)

Records identified
through Embase
searching (n = 12) 

Fig. 1. PRISMA flow 170 diagram for the 
scoping review process. PRISMA, Pre-
ferred Reporting Items for Systematic Re-
views and Meta-Analyses.
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moved duplicates from Endnote, two researchers (T.R.d.M., 
P.C.) screened the remaining 67 record titles and abstracts. Ab-
stracts with disagreement or insufficient information were 
screened by full texts. The first authors of 3 full text articles were 
contacted for access to the full text. Full-text articles with dis-
crepancies were resolved by a third reviewer (D.C.). All three 
authors agreed that there were no records that met the pre-
defined inclusion criteria.

Stage 4: Charting the Data
The intention of the authors was to extract the following key 

information for each included record: author(s); year; aim of the 
study; methodological information (design, sample size, location, 
and data collection); participants’, controls’, and intervention 
characteristics; and outcome measures and key findings or conclu-
sions.

Stage 5: Collating, Summarizing, and Reporting the Results
The “descriptive-analytical” method, as described by Arksey 

and O’Malley [22], was meant to be applied to describe narrative 
summaries for each outcome. The aim was to report relevant in-
formation concerning the research question and identify research 
gaps.

Results

From the initial 73 records identified through searches 
in PubMed, SCOPUS and Embase, 11 full-text articles 
were retained for in-depth analysis. From these 11 full-
text articles, 8 appeared to assess a target population oth-
er than EOD, mostly (late-onset) dementia or mild cogni-
tive impairment (MCI). The 3 remaining studies did fo-
cus on individuals with EOD but were rejected since they 
did not meet the inclusion criteria for type of exercise 
intervention and/or health outcome. Hooghiemstra et al. 
[25] studied the rest-activity rhythm in EOD patients. 
This was not a health outcome of our interest. Besides, the 
rest-activity rhythm was correlated with level of physical 
activity and not with an exercise intervention as such. The 
final 2 records were excluded as the type of exercise was 
not aerobic. Ramström incorporated a Stimulation-Acti-
vation-Training including cognitive, social and physical 
activities to assess the effects on QOL in early-onset AD 
[26], whereas Phinney et al. [27] considered the effects of 
leisure walks in patients with EOD in a study with a qual-
itative, ethnographic design. In both studies, the type of 
exercise or activity could not be considered a structured 
aerobic exercise intervention. As such, the authors re-
mained left with zero records and could not literally im-
plement stages 4 and 5 proposed by Arksey and O’Malley 
[22].

Discussion

This scoping review aimed to identify, prioritize and 
display gaps in the area of physical exercise among pa-
tients suffering from EOD, and to formulate related di-
rections for future research. For the authors it was strik-
ing that not a single exercise intervention study investi-
gating the effects on health outcomes among patients 
with EOD could be retained after extensive database 
searching. At this point, the process of conducting and 
writing this scoping review could have been aborted. Still, 
the authors opted to continue writing down their findings 
as they believed that the concluding message is too im-
portant not to share with researchers of interest. Although 
no studies could be retained for analysis and comparison 
of results, it is essential to report that a scoping review in 
this context has been conducted following the PRISMA 
guidelines for a scoping review process. The fact that no 
studies answering the predefined research question of 
this review could be found, is a surprising but also a crit-
ical finding as it proves that scientific research focusing 
on the effects of exercise interventions on health out-
comes in EOD is nonexistent.

As stated in the introduction, there is a general agree-
ment that not only the human body but also the mind 
(cognition) benefits from physical activity and/or exer-
cise [9, 10]. Especially, aerobic exercise has shown to 
have favorable effects on cognitive functions in healthy 
older adults [11–15], as well as in patients with MCI and 
dementia [16–21], with the largest gains demonstrated 
in executive functioning [9–12, 14, 15, 28]. Other studies 
have reported the greatest benefits on cognition, physi-
cal functions, mood and behavior after multicomponent 
exercise interventions (e.g., combined strength and aer-
obic exercises) in patients with MCI [28] and dementia 
[28–30]. From their interesting umbrella review, De-
murtas et al. [28] concluded that mixed physical activity 
interventions had a small effect on global cognition in 
people with MCI and a medium to large effect on global 
cognition in people with dementia. Second, mind-body 
interventions (e.g., tai chi and yoga) had a small effect 
on global cognition, attention and executive function in 
people with MCI and a medium effect on memory [28]. 
Third, resistance training interventions had a large ef-
fect on global cognition in people with MCI [28]. Be-
sides the beneficial effects on divers cognitive domains, 
they also indicated that physical activity/exercise signif-
icantly decreased risk and number of falls, and that 
physical activity/exercise may improve depression and 
behavioral and psychological symptoms in dementia 
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[28]. Finally, some recent randomized controlled trials 
have shown that a combined exercise and cognitive train-
ing improves attention, concentration, cognitive func-
tion and activities of daily living in dementia patients 
[31] and is effective in delaying/preventing cognitive de-
terioration and cognitive functional decline in people 
with MCI [32]. Although there is no consensus on the 
most effective modalities, it is remarkable that exercise 
(single- or multicomponent) seems to be a constant key 
factor in this context. Still, all researchers in the field 
agree that more high-quality studies are needed to elu-
cidate the effects and underlying mechanisms of differ-
ent and/or combined exercise types on cognition in 
brain disorders [28, 29]. Future research should focus on 
developing specific exercise programs and guidelines to 
reduce the risk or slow down disease progression of de-
mentia [33, 34]. Nevertheless, there is clearly consider-
able evidence to assume that exercise might and should 
play a fundamental role in coping and treatment strate-
gies for further cognitive decline, even in older adults 
with structural brain damage such as MCI or (late-on-
set) dementia. However, it remains remarkably quiet as 
it comes to exercise intervention studies among younger 
individuals with EOD.

Still, there is some growing awareness for the need of 
non-pharmacological intervention studies in EOD. As 
such, a protocol for a scoping review entitled “Physical 
activity for people with young-onset dementia and car-
ers” was developed in 2018 by Rodgers et al. [35]. Six 
years earlier, Hooghiemstra et al. [36] launched theo-
retical considerations concerning the value of exercise 
interventions in early-onset AD. From their review they 
concluded that brain regions and neurobiological pro-
cesses contributing to the positive effects of exercise are 
affected in early-onset AD, thereby supporting exercise 
interventions in this population [36]. The same research 
group established a decent study protocol aiming to 
evaluate whether exercise slows down the progressive 
course of the symptoms of dementia in EOD patients 
[37]. Nevertheless, no results of this or another exercise 
intervention study in EOD has been published so far. 
This is a surprising finding as there are a number of rea-
sons to assume that exercise might be extremely valu-
able within this population. First, as mentioned above, 
the positive effects of exercise on cognition have been 
proven earlier in healthy individuals and LOD. There-
fore, it is most likely that individuals with EOD will also 
benefit from exercise interventions. It might even be hy-
pothesized that physical exercise not only slows down 
the progression of cognitive decline in EOD but also has 

favorable effects on behavior, feelings of well-being and 
quality of life (for the individual itself and their support-
ive network). Second, the impact of exercise may even 
be greater in EOD compared to LOD as it is generally 
recognized that the intensity and/or frequency of physi-
cal exercise is highly responsible for its outcome. Given 
their relatively young age, active lifestyle and generally 
better understanding of instructions, individuals with 
EOD are more eligible to participate in more intensive 
and/or complex training programs compared to indi-
viduals with LOD with age-related comorbidities. How-
ever, results from previous research suggest that the 
threshold of intensity that reduces the risk of cognitive 
decline and dementia is probably low [33]. Third, the 
non-pharmacological approach of individuals with 
EOD as well as formal and informal support for the 
caregivers is very limited. Engaging the individual with 
EOD in activities such as exercise might be an excellent 
choice of distraction and an important component of 
coping strategies.

Despite the undeniable beneficial consequences, not a 
single study so far has investigated the effects of physical 
exercise on cognition, physical performance and feelings 
of well-being and quality of life (QOL) in EOD. How 
comes that this trainable population, seeking for non-
pharmacological treatment and coping strategies, is ne-
glected as it comes to scientific research in this area? As 
mentioned earlier, EOD covers a rather small proportion 
of all dementia conditions and can be considered a rare 
condition. Generally, people with EOD live in residential 
aged care facilities (primarily developed for older indi-
viduals) or at home, relying on their supporting family 
and optionally day-care services. The intrinsic motiva-
tion of people with EOD might be low as a direct conse-
quence of the disease. Caregivers often live a very stressful 
life, combining their job with the care and maintenance 
of their family. Therefore, it is expected that it is not only 
hard to track these people but also to convince them to 
participate in intense and long-term exercise interven-
tion studies. These considerable recruitment challenges 
might explain why conclusive evidence concerning the 
effect of exercise in individuals with EOD is lacking. Still, 
feasible initiatives to deal with this motivational challenge 
are thinkable. Brisk walking has proven to be a feasible, 
safe, and effective form of moderate-intensity aerobic 
physical exercise [38–40] that is assumed to be health-
enhancing for the individuals with EOD and their accom-
panying caregivers. Besides, as stated above, a solid study 
protocol has been proposed earlier by Hooghiemstra et al. 
[37].
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Conclusions

The answer on the research question “What is known 
about the effects of aerobic exercise on various health out-
comes (i.e., physical performance, cognitive performance, 
and well-being/QOL) in individuals diagnosed with 
EOD?” is very straightforward: Nothing. Not a single 
study seemed to be suitable for inclusion in this scoping 
review. As such, this scoping review identified a huge re-
search gap. Although nowadays the disease is increasing-
ly recognized, coping and (non-pharmacological) treat-
ment strategies for EOD are virtually non-existent. To the 
authors’ opinion, this is the first review that systemati-
cally explored the current state of evidence regarding the 
effects of aerobic exercise among people with EOD. With 
this scoping review the authors hope to inspire research-
ers in the field for related directions for future research. 
Although promising research has been conducted in peo-
ple with related cognitive disorders such as MCI and de-
mentia, the potential beneficial effects of aerobic exercise 
should be explored and assessed extensively among indi-
viduals with EOD. Secondarily, decent guidelines for 
non-pharmacological treatment and coping strategies 
should be developed, with the aim of supporting people 
with EOD and their caregivers.
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Appendix 1

Section No. PRISMA-ScR checklist item Reported 
on page

Title

Title 1 Identify the report as a scoping review 1

Abstract

Structured summary 2 Provide a structured summary that includes (as applicable) background, objectives, eligibility 
criteria, sources of evidence, charting methods, results, and conclusions that relate to the review 
questions and objectives

2

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known. Explain why the 
review questions/objectives lend themselves to a scoping review approach

3, 4

Objectives 4 Provide an explicit statement of the questions and objectives being addressed with reference to 
their key elements (e.g., population or participants, concepts, and context) or other relevant key 
elements used to conceptualize the review questions and/or objectives

4

Methods

Protocol and registration 5 Indicate whether a review protocol exists; state if and where it can be accessed (e.g., a Web 
address); and if available, provide registration information, including the registration number

4, 5
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Section No. PRISMA-ScR checklist item Reported 
on page

Eligibility criteria 6 Specify characteristics of the sources of evidence used as eligibility criteria (e.g., years considered, 
language, and publication status), and provide a rationale

5, 6

Information sources 7 Describe all information sources in the search (e.g., databases with dates of coverage and contact 
with authors to identify additional sources), as well as the date the most recent search was 
executed

6

Search 8 Present the full electronic search strategy for at least 1 database, including any limits used, such 
that it could be repeated

6

Selection of sources of evidence 9 State the process for selecting sources of evidence (i.e., screening and eligibility) included in the 
scoping review

6

Data charting process 10 Describe the methods of charting data from the included sources of evidence (e.g., calibrated 
forms or forms that have been tested by the team before their use, and whether data charting was 
done independently or in duplicate) and any processes for obtaining and confirming data from 
investigators

7

Data items 11 List and define all variables for which data were sought and any assumptions and simplifications 
made

NA

Critical appraisal of individual 
sources of evidence

12 If done, provide a rationale for conducting a critical appraisal of included sources of evidence and 
describe the methods used and how this information was used in any data synthesis (if 
appropriate)

NA

Summary measures 13 Not applicable for scoping reviews

Synthesis of results 14 Describe the methods of handling and summarizing the data that were charted 7

Risk of bias across studies 15 Not applicable for scoping reviews

Additional analyses 16 Not applicable for scoping reviews

Results

Selection of sources of evidence 17 Give numbers of sources of evidence screened, assessed for eligibility, and included in the review, 
with reasons for exclusions at each stage, ideally using a flow diagram

6

Characteristics of sources of 
evidence

18 For each source of evidence, present characteristics for which data were charted and provide the 
citations

NA

Critical appraisal within  
sources of evidence

19 If done, present data on critical appraisal of included sources of evidence (see item 12) NA

Results of individual sources  
of evidence

20 For each included source of evidence, present the relevant data that were charted that relate to the 
review questions and objectives

NA

Synthesis of results 21 Summarize and/or present the charting results as they relate to the review questions and objectives 7

Risk of bias across studies 22 Not applicable for scoping reviews

Additional analyses 23 Not applicable for scoping reviews

Discussion

Summary of evidence 24 Summarize the main results (including an overview of concepts, themes, and types of evidence 
available), link to the review questions and objectives, and consider the relevance to key groups

8

Limitations 25 Discuss the limitations of the scoping review process 8

Conclusions 26 Provide a general interpretation of the results with respect to the review questions and objectives, 
as well as potential implications and/or next steps

8–10

Funding 27 Describe sources of funding for the included sources of evidence, as well as sources of funding for 
the scoping review. Describe the role of the funders of the scoping review

10

PRISMA-ScR Checklist [23].
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