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Abstract

Background The number of people with dementia is around 50 million worldwide and this number is expected

to grow in the coming decades. To date, scientific evidence suggests that physical activity is an encouraging aid

in slowing down the progression of dementia and has positive effects on many aspects: metabolic, independence
in activities of daily living (ADLs), cognitive and muscle strength. However, few studies analyze the feasibility and
the effects of high-intensity exercise programs in people with dementia. The aim is to synthesize evidence on the
feasibility of high-intensity exercise training (HIET) in people with dementia and/or Mild Cognitive Impairment (MCI)
and to evaluate its effects on cognition, physical performance, ADLs, neuropsychiatric symptoms and quality of life.

Methods Clinical trials and RCTs published up to March 2025 were selected through searches in PubMed, Scopus
and Google Scholar, using MeSH terms related to dementia and high-intensity physical exercise. Studies involving
people with dementia and/or MCl undergoing high-intensity aerobic and/or strength training were included.
Methodological quality was assessed using the PEDro scale, and risk of bias was evaluated with the Cochrane RoB 2
tool.

Results 21 studies met inclusion criteria, including participants with dementia and/or MCl. Feasibility was generally
supported and the dropout rate was 13% with high adherence to the programs. Regarding effectiveness, HIET
showed cognitive improvements in some studies, while others reported no significant effects. Physical performance,
such as walking speed and balance, improved, but there were no significant changes in activities of daily living or
quality of life.

Conclusions The results of the literature analyzed show that HIET can be proposed to this population, furthermore it
benefits on many parameters of interest. It can be concluded that HIET could be taken into consideration for training
people with dementia and/or MCl.
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Introduction

The number of people with dementia worldwide is about
50 million and this number is expected to grow in the
coming decades, reaching 150 million by 2050 [1, 2].
The World Health Organization defines dementia as a
syndrome involving cognitive decline, which is usually
chronic and progressive in nature. Dementia consists in
impairments at several higher cortical functions, such
as memory, thinking, understanding, calculation, learn-
ing, language and judgment [3]. This condition should be
considered as a syndrome, with multiple possible causes,
rather than a specific disease and over the time leads to
severe cognitive degeneration, together with the wors-
ening of physical functions and loss of independence
[4, 5]. Cognitive decline in individuals with dementia
is frequently accompanied by physical and functional
impairments [3]. According to the ICD-11, dementia is
characterized by a marked decline in two or more cogni-
tive domains representing a deterioration from previous
functioning and sufficiently severe to interfere with inde-
pendence in ADLs, with possible associated neurobehav-
ioural changes [6]. Gait disturbances are also common
in this population, leading to an increased risk of falls,
reduced mobility, and a higher likelihood of hospital-
ization [7]. Additionally, a decline in cardiorespiratory
fitness is frequently observed in people with dementia
and has been associated with greater disease severity,
accelerated progression and brain atrophy [8]. Growing
evidence supports the role of PA as a non-pharmacolog-
ical intervention that may help slow symptom progres-
sion and enhance physical function in individuals with
dementia [9].

The beneficial effects of PA on physical parameters—
such as strength, balance, mobility, and fatigue resis-
tance—as well as on cognitive function and the ability
to perform ADLs, have been well-documented in indi-
viduals with dementia [10]. The ACSM emphasizes the
importance of regular PA in this population and provides
guidelines for exercise prescription accordingly [11].

While the majority of studies have focused on low-
to moderate-intensity exercise interventions [12],
fewer have explored the impact of high-intensity exer-
cise. HIET represents a relatively recent approach
within clinical populations and is gaining attention for
its potential benefits. In healthy older adults, HIET
has been shown to improve both muscular strength
and aerobic capacity. Additionally, HIET has dem-
onstrated superior effects on muscle hypertrophy,
including increases in muscle mass and CSA, com-
pared to lower-intensity training protocols [13, 14]. In
terms of cardiovascular health, evidence suggests that
HIET may confer greater improvements than low- or
moderate-intensity aerobic exercise [15].
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Despite the potential benefits of HIET, several barri-
ers may limit its feasibility in individuals with demen-
tia [16]. High-intensity activities can pose notable
risks for this population due to the motor impair-
ments commonly associated with the condition, which
increase the likelihood of falls and injuries. Further-
more, individuals with advanced cognitive or physical
impairments may require substantial assistance during
exercise sessions, limiting their capacity to participate
independently [16].

Accurately determining appropriate exercise inten-
sity in this group can be particularly challenging, given
the variability in physical capacity, fluctuating health
status and the high prevalence of comorbidities such
as depression, heart failure and osteoporosis [1, 2, 16].
These factors may elevate the risk of adverse events
during high-intensity interventions. Additionally, cog-
nitive impairments often hinder the ability to follow
complex instructions or adhere to exercise protocols,
further complicating the implementation and safety
of HIET in this population [7]. In this review, stud-
ies including individuals with a diagnosis of dementia
as well as those enrolling participants with MCI were
considered, given that MCI is frequently included in
exercise trials [12, 17] and represents a clinically rel-
evant condition along the cognitive impairment con-
tinuum [17]. The rationale for this review is based
on evidence suggesting that HIET can induce greater
physiological adaptations and improvements in physi-
cal performance compared with lower-intensity exer-
cise when appropriately prescribed and supervised in
other adult and clinical populations [13-15]. However,
its feasibility and safety in people with dementia and/
or MCI remain unclear, highlighting the need for a sys-
tematic evaluation.

Accordingly, this systematic review aims to synthe-
size the available evidence on the feasibility of HIET
in people with dementia and/or MCI and to evaluate
its effects on cognition, physical performance, ADLs,
neuropsychiatric symptoms and quality of life, with the
hypothesis that appropriately prescribed and super-
vised HIET may be feasible and associated with favor-
able effects across these clinically relevant domains.

Methods

Eligibility criteria

An article was included if it met the following inclu-
sion criteria: type of population, type of interven-
tion and outcomes. The target population was people
with dementia, this included people with AD, MCI,
dementia caused by Parkinson's Disease and Lewy
bodies. The other inclusion term was the type of train-
ing, which should consist of high-intensity aerobic or
strength training or combined aerobic and strength
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training. Referring to the ACSM exercise guidelines
[11], vigorous activity corresponds to exercise car-
ried out at 60-89% of HRR or 77-95% of HRmax; for
strength activity instead, it is defined as vigorous activ-
ity at 70-84% of the 1RM. The last inclusion criteria
were physical performance, cognition, metabolic func-
tioning and psychological symptoms. All these aspects
had to be measured with validated measurement
tests. For these reasons, studies that did not meet the
requirement for population type, exercise intervention
and measured variables were excluded.

Information sources

Conforming to PRISMA guidelines [18] and to identify
studies of interest to this review, electronic databases
were autonomously searched by the researchers from
1995 until February 2023. Another update of research
was made from February 2023 until March 2025. The
following electronic databases were selected: PubMed,
Scopus and Google Scholar.

Search strategy

The search was conducted on MeSH terms which
included the area of dementia and/or MCI and high
intensity strength and/or aerobic exercise. Table 1 lists
the keywords and search terms of the articles. Bool-
ean operators (AND, OR, NOT) were used to com-
bine search terms with related keywords. If the search
terms were incomplete, an additional search was run
using the modified search terms.

The search was created by associating the search
terms related to pathology with those related to the
type of physical exercise. Therefore, the search string
was the following: ((dementia) OR (Alzheimer's Dis-
ease)) OR (Mild Cognitive Impairment) AND ((high
intensity training) OR (high intensity physical training)
OR (high intensity physical exercise) OR (high inten-
sity exercise) OR (maximal strength training)).

Duplicate records were removed prior to screening.
Searches were limited to articles published in English
and to original clinical studies, including clinical trials
and randomized controlled trials. Reviews, systematic
reviews, and book chapters were excluded. No restric-
tions were applied based on geographic location, race,
or sex of the study population. Only studies conducted

Table 1 List of keywords and synonyms generated as search

terms
Condition Physical activity intervention
Dementia High intensity training

Alzheimer’s disease High intensity physical training
High intensity physical exercise

High intensity exercise

Mild Cognitive Impairment

Maximal strenght training
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in humans were considered. Articles published up to
March 2025 were included.

Selection and data collection process

Titles and abstracts identified through the database
searches were independently screened by two authors
(C.B. and A.P) to assess potential eligibility. Stud-
ies that clearly did not meet the inclusion criteria were
excluded at this stage. Any disagreements during the
title and abstract screening phase were resolved through
discussion and when consensus could not be reached, a
third researcher (M.V.) was consulted. Subsequently, in
the full-text review phase, two authors (C.B. and A.P)
independently evaluated the full-text articles of poten-
tially eligible studies. In this phase, disagreements were
resolved after discussion with a third researcher (M.V.).
The screening process was conducted manually using
Rayyan software (Rayyan Systems Inc., Qatar), and no
automation tools were used. In the second phase, data
extraction was performed independently by the same
two reviewers. The variables collected for which data
were sought were: article title, year of publication, geo-
graphical setting, total sample size, type of dementia and/
or MCI, pharmacological therapy (if reported), inclu-
sion criteria, mean age and MMSE of the experimental
and control groups, type of activity performed by both
groups, measurements and tests used, program dura-
tion, main results (both positive and negative), dropout
rate and reasons for dropout in the experimental group,
and study conclusions. A positive result did not necessar-
ily indicate statistical significance; in such cases, this was
explicitly noted. Gaps in knowledge emerging from the
studies were also recorded. The coding of the articles was
done using Microsoft Excel.

Quality of paper

The methodological quality of the included studies was
evaluated using the PEDro scale [19, 20]. The PEDro
scale consists of 11 items, of which 10 contribute to the
final score (the first item, which assesses external validity
through specification of eligibility criteria, is not included
in the total score). Each of the 10 scored items contrib-
utes one point, resulting in a total score ranging from 0
to 10. Higher scores indicate better methodological qual-
ity and internal validity. The items assess whether the
study: (1) specified eligibility criteria; (2) subjects ran-
domly allocated to groups; (3) concealed allocation; (4)
ensured baseline comparability of groups; (5) blinded all
subjects; (6) blinded therapists administering the inter-
vention; (7) blinded assessors measuring key outcomes;
(8) obtained outcome measures from more than 85% of
initially allocated participants; (9) analyzed data using
intention-to-treat or ensured compliance with allocation;
(10) reported between-group statistical comparisons for
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at least one key outcome; and (11) provided both point
estimates and measures of variability for at least one key
outcome. In line with commonly accepted thresholds in
the literature [21], studies with a PEDro score of 9-10
were considered to have excellent methodological qual-
ity, those scoring 6—8 were rated as good quality, scores
of 4-5 indicated fair quality and scores below 4 were con-
sidered to reflect poor methodological quality. No auto-
mation tools were used in this process.

Study risk of bias assessment

The risk of bias of the included studies was assessed using
the RoB 2 [22]. RoB 2 is a domain-based evaluation tool
that considers five key domains of bias: 1) bias arising
from the randomization process, 2) bias due to devia-
tions from intended intervention, 3) bias due to missing
outcome data, 4) bias in measurement of the outcome,
and 5) bias in selection of the reported result. Each
domain is judged as “low risk of bias,” “some concerns,’
or “high risk of bias,” and an overall risk of bias judgment
is derived accordingly for each outcome. Two reviewers
independently assessed each study using the RoB 2 tool.
Discrepancies were resolved through discussion and con-
sensus. No automation tools were used in the assessment
process.

Effect measures

For each included study, the effect measures used to
report outcomes were extracted as presented by the orig-
inal authors. Continuous outcomes (e.g., cognitive and
physical performance scores) were generally expressed
as mean values with standard deviations or mean differ-
ences between intervention and control groups. When
available, studies also reported percentage changes from
baseline and corresponding p-values for statistical signif-
icance. Dichotomous outcomes (e.g., dropout rates, pres-
ence of adverse events) were described using proportions
or percentages. As this review did not perform a quan-
titative synthesis (meta-analysis), the results were narra-
tively summarized, emphasizing direction and magnitude
of effects rather than pooled estimates.

Synthesis methods
All studies that met the inclusion criteria were grouped
and analyzed according to the main domains of interest:
feasibility, cognitive, psychological and neuropsychiat-
ric outcomes, ADLs, physical performance and quality
of life. During the selection phase, studies were assessed
for eligibility and subsequently organized into descriptive
tables summarizing intervention type, participant char-
acteristics, outcome measures and key findings.

Data were extracted exactly as reported in the original
publications; no statistical conversions, transformations,
or imputations were performed. Results were presented
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narratively and, when available, accompanied by the
effect estimates provided by the authors (e.g., mean dif-
ferences, percentage changes, or p-values).

Given the heterogeneity in study design, intervention
type and outcome measures, no quantitative synthesis
or meta-analysis was conducted. Instead, a descriptive
comparison across studies was used to highlight consis-
tent trends and discrepancies. The synthesis emphasized
direction and magnitude of effects rather than pooled
effect sizes. Exploration of statistical heterogeneity or
subgroup analysis was not applicable to this review.

Reporting bias assessment and certainty of evidence

No formal statistical assessment of reporting bias (e.g.,
funnel plot analysis) was conducted, as no meta-anal-
ysis was performed. However, potential reporting bias
was considered qualitatively during the review process
by examining whether all pre-specified outcomes were
reported in the included studies and by assessing selec-
tive outcome reporting within the risk of bias evaluation
(RoB 2 tool). Any missing or selectively reported results
were described narratively where identified.

A formal assessment of the certainty of evidence (e.g.,
using the GRADE approach) was not performed, as no
quantitative synthesis was conducted. However, the
overall confidence in the body of evidence for each out-
come was qualitatively appraised based on study quality
(PEDro scores), risk of bias (RoB 2 results), and consis-
tency of findings across studies.

Results

Study selection

A comprehensive search was conducted across three
databases—PubMed, Scopus, and ScienceDirect—yield-
ing a total of 1312 results. By applying filters related to
the type of publication (specifically clinical trials and ran-
domized controlled trials) and restricting the selection
to human studies, 241 articles were initially selected. A
further analysis based on predefined inclusion and exclu-
sion criteria and after removing duplicates, led to the
selection of 24 studies considered eligible for full-text
review. Additionally, two more relevant articles were
identified through reference list screening. Five studies
were excluded as they only reported the description of
the intervention protocol without presenting results or
conclusions. As illustrated in the PRISMA flow diagram
(Fig. 1), a total of 21 articles met the inclusion criteria
and were included in this review.

Study and subjects’ characteristics

The total subjects included in the sample were 2560 and
located internationally [UK 5% (494 subjects, 1 paper),
Netherlands 5% (91 subjects, 1 paper), Australia 18%
(309 subjects, 4 papers), Italy 5% (39 subjects, 1 paper),



Baschirotto et al. BMC Geriatrics (2026) 26:499

Page 5 of 21

Identification of studies via database

=
g Records identified through
< database searching
g =1312
= (n=1312)
D
= )
L]
)
= Records screened as title and Records excluded due to document
= >
3 full text level (n= 1312) type and duplicates (n = 1071)
g )
Full text excluded based on title and
Full text article assested for abstract due to:
eligibility (n = 241) 1. unrelated population
= 2. unrelated mtervention
n=215
l fesTs
=
=
Studies mcluded in Full text excluded after full
qualitative synthesis (n = 26) reviewed (n = 5)
T
= Studies included in scoping
E review (n =21)
L]

Fig. 1 Prisma flow chart of the studies analysed

Germany 5% (61 subjects, 1 paper), Sweden 18% (754
subjects, 4 papers), Norway 9% (170 subjects, 1 papers),
USA 5% (33 subjects, 1 paper), Denmark 27% (577 sub-
jects, 6 papers), Lebanon 5% (68 subjects, 1 paper)].
Sixteen studies [5, 16, 23—37] investigated the elderly
population with dementia or Alzheimer's disease, 4 arti-
cles [31, 36, 38, 39] studied people with MCI, and 1 article
[30] studied people with dementia caused by Parkinson's
disease and Lewy bodies. The mean age of the subjects
was 75.8 + 6.8 years. The year of publication ranged from
2009 to 2025. The studies object of this review had as
objective the analysis of the effects of HIET, be it aerobic,

strength or a combination of the two, on physical and/or
cognitive aspects.

Most studies, 15 in total [16, 23-26, 28—34, 40, 41], had
as inclusion criteria the confirmed diagnosis of demen-
tia, a MMSE score > 10 according to the classification by
Folstein et al. [42] and stable pharmacological therapy for
dementia for at least 3 months. Other widely used inclu-
sion criteria were the ability to perform the TUG with or
without assistance, the absence of unstable medical con-
ditions and having contact with at least one caregiver.

As regards the pharmacological therapy taken by users,
10 studies [23, 25, 27, 31, 33, 34, 38, 39, 43, 44] did not
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declare the drugs used by the subjects, while other 9
studies [16, 24, 26, 28, 29, 32, 33, 35] reported the classes
of drugs taken (mainly benzodiazepines, antipsychotics,
anticoagulants, neuroleptics, analgesics, diuretics, beta-
blockers, dementia drugs). One study [30] reported the
names of specific dementia medications that subjects
were taking.

Quality of studies

The methodological quality of the included randomized
controlled trials was assessed using the PEDro scale. Of
the 21 included studies, 1 study [33] scored 4 points,
indicating poor methodological quality; 4 studies [29, 30,
34, 38] scored 5 points; 5 studies [23-25, 40, 43] scored
6 points; 6 studies [26, 28, 30, 31, 35, 39] scored 7 points;
and 5 studies [5, 16, 28, 32, 44] scored 8 points. Detailed
PEDro scores for each study are presented in Table 2.

Risk of bias in studies

The risk of bias for each included randomized controlled
trial was assessed using the RoB 2 tool. Figure 2 presents
a traffic light plot summarizing risk of bias judgments
across the five RoB 2 domains for each individual study.
Among the 21 included studies, 3 studies [25, 26, 31]
were judged to be at low overall risk of bias, 10 studies
[5, 24, 28, 29, 32, 33, 35, 36, 39, 40] were considered to
have some concerns (moderate risk), and 8 studies [16,
23, 30, 31, 33, 34, 38] were rated as being at high risk

Table 2 Quality of studies score via PEDro Scale. Summary of
methodological quality based on the PEDro scale. The table
shows the PEDro score for each included study (out of 10), with
higher scores indicating greater methodological rigor

Study PeDRO Score
Lamb et al. (2018) [23] 8/10
Sanders et al. (2020) [24] 6/10
Broadhouse et al. (2020) [44] 5/10
Fiatarone Singh et al. (2014) [25] 7/10
Pedrinolla et al. (2020) [5] 6/10
Schwenk et al. (2014) [26] 6/10
Inskip et al. (2022) [27] 5/10
Mavros et al. (2017) [45] 7/10
Littbrand et al. (2009) [28] 8/10
Hoffrann et al. (2017) [39] 7/10
Van der Kleij et al. (2017) [46] 6/10
Sobol et al. (2018) [30] 7/10
Baker et al. (2010) [43] 6/10
Sondell et al. (2018) [32] 5/10
Sobol et al. (2016) [31] 7/10
Telenius et al,, (2015) [33] 8/10
Conradsson et al. (2010) [38] 8/10
Toots et al. (2016) [34] 8/10
Frederiksen et al. (2019) [36] 5/10
Frederiksen et al. (2014) [35] 4/10
Abbas et al. (2023) [47] 7/10
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of bias. The domains most frequently rated as having a
high risk or some concerns were “bias due to deviations
from intended interventions” and “bias in selection of the
reported result” In contrast, “bias arising from the ran-
domization process” and “bias due to missing outcome
data” were most often judged as low risk across studies.

Characteristics of the interventions

Duration

The mean duration of the experimental protocols was
17+5.2 weeks. Most studies proposed an interven-
tion length of 3 to 4 months, 6 studies [23, 24, 31, 39,
43] instead proposed 6 months of training and only one
study [30] proposed an 8-week intervention. More specif-
ically regarding training frequency, 3 studies [16, 31, 45]
proposed a training protocol of 2 times a week, 7 studies
[5, 29, 31, 32, 38, 39, 47] of 2/3 times a week (for a total of
5 sessions in two weeks), 10 studies [23, 24, 28, 30, 33-35,
40, 48] of 3 times per week, and one study [36] of 4 ses-
sions per week.

Training protocols

All the studies proposed HIET protocols involving aero-
bic, strength, or a combination of the two. Therefore,
regarding the protocol of the experimental group, 4
studies [16, 23, 35, 49] analyzed combined aerobic and
strength training, 6 [30, 33, 34, 37, 40, 43] analyzed only
aerobic training, 2 [38, 39] analyzed strength training
combined with cognitive training, and 9 [5, 25, 26, 29, 30,
32, 38, 39, 47] analyzed the effects of strength training
alone. As regards the studies that analyzed aerobic activ-
ity only, 4 studies [33, 34, 40, 43] proposed interval train-
ing, while the other 3 [30, 33, 34, 37, 40, 43] proposed
continuous activity on a cardio equipment (treadmill,
cycle ergometer, arm ergometer). 70% of HRmax or 60%
of heart rate reserve was chosen as the starting point for
high intensity. The mean aerobic exercise intensity was
79.5% of HRmax (range 70%—89%). Regarding strength
activity the average intensity was 81% 1RM (range
70%-92%). More specifically regarding the type of activ-
ity proposed, to conduct the aerobic activity, exercise
was done with a cycle ergometer, arm ergometer, cross
trainer, treadmill and, in a single case, walking in the
open air. As regards strength activity, isotonic machines
were used, such as leg press, chest press, lat-machine, leg
extension, leg curl, etc. In relation to free body activities
and functional exercises, weight bearing exercises and
exercises with overloads that reproduce the activities of
everyday life have generally been chosen (for example:
trunk twisting, climbing steps, chairs stand, etc.).

Control groups performed the following activities: 6
articles [16, 26, 28, 34, 40] reported the usual assistance
of the subjects, others 6 [5, 23, 31, 32, 47, 50] the perfor-
mance of sitting/recreational activities, 4 studies [25, 31,
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Risk of bias domains
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38, 39] reported placebo physical and cognitive activity, 2
studies reported stretching and mobility, and 1 study [24]
reported regular cognitive therapy. In two studies the
control group was not included. One study [35] reported
that the control group performed separately the physical
activity components proposed in combination with the
intervention group.

Assessments and endpoints

In this section, the assessment and the related results of
the areas of interest investigated will be described point
by point.

Feasibility

The main research question of this review concerns the
feasibility of HIET in people with dementia and/or MCI.
The feasibility was based on several aspects. The inclu-
sion/exclusion criteria and the comorbidities of the sub-
jects, the dropout rate, the reasons for abandoning the
program and the percentages of screened individuals
included in the studies, as well as the adherence/session
attendance to the program were analyzed. Furthermore,
to determine the feasibility and applicability of the exer-
cise, the execution of a CPET before starting the exercise
program was also taken into consideration.

Overall, all studies proposed inclusion/exclusion cri-
teria for exercise programs. Regarding dropout rate, all
studies reported dropout rate. Regarding the analysis of
comorbidities, 11 studies [5, 16, 24, 28, 31, 32, 34, 36, 40,
47] listed the concomitant pathologies to dementia and/
or MCI of the subjects included in the program.

About CPET in the phases of subject evaluations, 5
studies [27, 28, 33, 36, 38] have included CPET among
the evaluation tests.

The most reported exclusion criteria were: MMSE < 10
points in 9 studies [5, 16, 23, 24, 28, 31, 34, 38, 47], unsta-
ble or acute concomitant pathologies in 10 studies [16,
25, 26, 31, 32, 35, 39, 43, 51], chronological age <55 years
in 8 [26-28, 30-32, 38, 39] studies, inability to getting
up from a chair in 6 studies [5, 26, 29, 32, 34, 47] and
changes in pharmacological therapy in the last 3 months
in 6 studies [27, 28, 31, 33, 35, 46].

The comorbidities of people with dementia and/
or MCI involved in the studies were analyzed. About
comorbidities analysis, what emerged was that individu-
als with joint disorders (arthritis, muscle pain, limited
range of motion), mental diseases (depression, delusions,
apoplexy) and organic/metabolic diseases (diabetes, car-
diovascular diseases, lung diseases, oncological diseases)
were included. However, individuals with these condi-
tions were included only if these conditions were in a
chronic phase and stable. Individuals with these condi-
tions were excluded if they were not stable or had recent
acute events.
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Analyzing the dropout rate, all 21 studies analyzed
reported subject dropouts; specifically, the dropout rate
ranged from 0 to 28%, with an average of 12.8+8.1%
dropouts. Overall, when analyzing the causes of dropout
in detail, 3 [16, 23, 34] studies mentioned withdrawal of
study consent, 10 studies [23, 25, 26, 28, 30, 31, 33, 36,
39] reported participant health deterioration/disease
development during the treatment period, 2 studies
[31, 34] reported participant transfer at other facilities/
returning home, 4 studies [25, 36, 39, 52] reported sub-
jects' lack of motivation and refusal to participate in the
protocol, while 9 studies [16, 23, 25, 31-33, 35, 47, 53]
cited the death of the subjects among the reasons of drop
the trial. However, 2 studies [34, 38] did not report the
causes of dropouts. In general, all studies have specified
that the causes of the dropout of the participants were
not directly due to exercise, only one study reports that it
cannot exclude the direct causality between exercise and
death of a participant.

With regard to adherence to the exercise interven-
tion, 17 [16, 23-25, 28, 30-35, 39, 47, 48, 51, 53] out of
21 studies (81%) explicitly reported quantitative adher-
ence data. Adherence was described using different
metrics, including session attendance, percentage of
sessions completed, mean number of sessions attended,
or predefined attendance thresholds. Specifically, the
mean reported adherence as the percentage of sessions
attended, with values ranging from approximately 54%
to 100% of scheduled sessions. 7 studies [31-33, 37, 47,
51, 54] (33%) documented attendance rates>70%, and 5
studies [24, 25, 28, 34, 35] (24%) reported adherence val-
ues exceeding 85—-90%.

When examining the relationship between screened,
randomized and completed participants, approximately
40% of people who were screened initially were then ran-
domized into groups. Among these subjects, 84% then
finished the experimental trial.

Also, performing CPET in the initial evaluation phase
was considered. Only 5 studies [27, 28, 33, 36, 38] pro-
posed the CPET. About the use of CPET before starting
training, it is very important to underline that none of the
studies has performed it as a screening test, but only to
evaluate the maximum oxygen consumption.

Exercise intensity prescription varied across the
included studies. As mentioned earlier, baseline CPET
test was performed in five studies; however, only two of
these trials used the results of maximal testing to directly
prescribe exercise intensity. In the remaining studies,
CPET, when performed, was used exclusively as an out-
come measure rather than as a prerequisite for participa-
tion or for intensity prescription. Overall, the majority
of studies regulated exercise intensity using alternative
and pragmatic approaches. Specifically, exercise intensity
was prescribed and monitored through heart rate—based
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targets in 9 studies [23, 24, 26-28, 30, 33, 34, 36], per-
ceived exertion scales in 5 studies [16, 23, 24, 28, 30],
repetition maximum-based resistance training in 11
studies [5, 24, 25, 30-32, 35, 38, 47, 50]. These methods
were often used in combination and allowed for individu-
alized adjustment of exercise intensity throughout the
intervention period. All feasibility parameters are listed
in Table 3.

Cognitive function, psychological and neuropsychiatric
aspects

In many studies, one of the main focuses was the analysis
of cognitive aspects. Regarding the tests to evaluate the
cognitive component, 16 studies [16, 23, 26, 28, 30-35,
38-40, 50] included, in their measures, the ADAS-Cog
and/or the NPI and/or the MMSE. Other main validated
neuropsychological scales used were: Cornell Depres-
sion Scale in 1 study [31], and SDMT in 6 studies [26, 28,
30, 33, 36, 39]. Instead, for the care burden assessment,
6 studies [16, 26, 28—31] included the ZBI and/or NPI in
their measures.

From a cognitive point of view, most studies reported
significant improvements: 6 studies [16, 30, 31, 36, 39]
that analyzed cognitive aspects reported positive changes
in global cognitive function, 4 studies [26, 31, 39, 52]
reported changes in non-cognitive symptoms related to
dementia, and 2 studies [30, 36] reported greater motiva-
tion and perception of self-efficacy to participate in activ-
ities; 4 studies [23, 33, 35, 40], on the other hand, showed
that the intervention with high-intensity activity did not
have significant cognitive effects.

Independence and activities of daily living
Regarding activities of daily living, 8 studies [5, 16, 26,
29, 31, 33, 34, 47] included assessment of ADLs and/or
BADL and/or the IADLs and/or the FIM and/or the BL.
Overall, the articles analyzed have shown that HIET
exercise does not lead to benefits in the activities of daily
living. Only 1 [31] studies that analyzed ADLs reported
an increase in the BI, while the others reported no signifi-
cant changes [5, 16, 26, 29, 33, 34, 47].

Table 3 List of feasibility parameters
Feasibility parameters

Inclusion/exclusion criteria

Admitted comorbidities

Dropout rate

Dropout cause

Adherence/attendance to the HIET

% screened subject included in the HIET
CPET performance
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Physical performance

With regard to physical performance tests, the most used
were the 6MW T which was reported in 3 [16, 23, 24]
studies, 3 studies [25, 31, 38] referred maximal strength
tests to the various muscle groups, 4 studies [23, 28, 34,
35] used TUG, 8 studies [28, 30, 31, 33, 34, 38, 40, 43]
used VO,peak/VO,max, 7 studies [29-33, 35, 47] used
tandem test/BBS/static balance and 3 studies [23, 30, 33]
reported Short Physical Performance Battery (SPPB).

The main aspects that significantly improved in the
physical performance part were walking speed and other
parameters related to pace, strength, cardiorespiratory
fitness and balance. More specifically, 2 studies [16, 24]
that analyzed physical parameters reported an increase in
6MWT, 3 studies [30, 31, 33] of gait speed, 4 studies [30,
31, 33] of maximal strength to various muscle groups,
6 studies [28, 31, 34, 40, 43] of VO,peak/VO,max and 3
studies [31, 35, 47] of BBS.

Quality of life
About the quality-of-life analysis, there were 4 studies
[16, 26, 30, 31] of the present review that also included
this aspect in their measures. In 1 of these studies [31],
the QUALID scale was used. The other 3 studies [16, 30,
48] respectively used the QoL-AD scale, DEMQoL and
EuroQol five-dimension scale.

As far as the quality-of-life parameter is concerned, no
significant improvements were reported.

Discussion

To our knowledge, this is the first review to specifi-
cally address the feasibility and effects of HIET in the
dementia and/or MCI population. Previous reviews and
meta-analyses have primarily focused on the impact of
low-to moderate intensity exercise in these groups, with-
out examining the feasibility or outcomes of HIET [12,
34].

The purpose of this review was twofold: first, to ana-
lyze the feasibility of HIET in individuals with dementia
and/or MCI, and second, to evaluate its effects on these
populations. We hypothesized that HIET would be feasi-
ble for these individuals and would lead to improvements
in cognitive function, physical performance, ADLs, and
quality of life. To test this hypothesis, 21 articles were
analyzed (Table 4).

Feasibility was assessed by examining inclusion and
exclusion criteria, participants’ comorbidities, dropout
rates and reasons, adherence to HIET, the proportion
of participants who completed HIET programs and the
completion of CPET prior to program initiation. Regard-
ing exercise effects, the review focused on cognitive/
neuropsychiatric and psychological functions, physical
performance, quality of life and ADLs. The findings indi-
cate that HIET may be a feasible intervention for people
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with dementia and/or MCI and that it yields improve-
ments in physical, cognitive and daily living outcomes.

In the following sections, all the findings will be dis-
cussed in detail.

Evidence of the feasibility of high intensity exercise
training

Regarding the first research question, this work shows
that HIET may be a feasible intervention for people with
dementia and/or MCL. This consideration was proposed,
by analyzing inclusion criteria, dropout rate and reasons,
adherence to HIET, rate of subjects who were included in
HIET interventions, as well as rate of subjects who com-
pleted HIET programs. Another aspect considered to
evaluate the feasibility of this intervention was the execu-
tion of a CPET before starting the program.

First, the inclusion of subjects with various comor-
bidities (cardiac, pulmonary, metabolic, articular) also
supports the feasibility of HIET. This could demonstrate
that this training modality is extensible to a large pool of
users.

Regarding dropout, as mentioned before, all subjects
who completed the HIET programs did not report inju-
ries due to the exercise. Going into specific analysis, the
main reason for abandonment was the decline in health;
while other dropout causes were dissatisfaction with
exercise or lack of motivation [25, 28, 32, 36, 38], death
during the training period [5, 16, 23, 25, 32, 47] and wors-
ening of health status [23, 25, 26, 28, 30, 33, 39, 43]. Only
one study reported that a death occurring after a training
session could be related to the program, so exercise can-
not be excluded as a primary cause of death [47].

Beyond dropout and completion rates, adherence
throughout the intervention period represents a critical
indicator of feasibility. In the present review, the majority
of included studies reported quantitative adherence data,
most commonly expressed as session attendance or per-
centage of sessions completed [16, 23-25, 28, 30-35, 39,
47, 48, 51, 53]. Reported adherence values were gener-
ally moderate to high. Importantly, adherence remained
within these ranges even in long-duration interventions
lasting up to six months [23, 24, 38, 39].

These findings suggest that participants with dementia
and/or MCI were not only able to initiate HIET programs
but were also capable of sustaining regular participa-
tion over time. This is particularly relevant given the
cognitive, motivational and physical challenges typically
associated with this population. The observation that
adherence was maintained in protocols requiring moder-
ate-to-high or high exercise intensities further supports
the feasibility of HIET when interventions are adequately
supervised and individualized.

Regarding the subjects’ inclusion percentage in the
intervention groups, as previously mentioned, 40% of the
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screened subjects were then randomized. Among these
subjects, 84% finished the trial. Therefore, although only
a part of the screened subjects was then included, almost
all of them successfully completed the training period.

About maximal exercise testing, only few studies
included a CPET in their measurements [30, 33, 38, 43,
51]. In all included HIET studies, CPET was not per-
formed as a screening or eligibility tool, but was used
exclusively to assess maximal aerobic capacity. ACSM
exercise guidelines, state that it is not mandatory to per-
form a CPET before engaging in HIET [11]. The guide-
lines provide detailed recommendations on the use of
CPET in various situations and suggest its application in
cases of significant cardiovascular risk factors, respira-
tory diseases and unstable/acute health conditions [11].
In the studies included in this review, participants were
generally assessed as clinically stable based on predefined
inclusion and exclusion criteria, and no study required
CPET as a prerequisite for participation.

Eventually, although only a minority of studies used
CPET testing to prescribe training intensity, this does
not appear to represent a barrier to feasibility. In most
trials, exercise intensity was regulated using pragmatic
and clinically applicable methods, such as heart rate
monitoring, perceived exertion scales, repetition maxi-
mum-based resistance training and supervised workload
progression. This approach reflects real-world clinical
practice in populations with dementia and/or MCI, in
which maximal testing may be challenging or not always
feasible, yet high-intensity exercise can still be safely and
effectively implemented under appropriate supervision.
Nevertheless, the absence of systematic baseline capacity
testing may have resulted in heterogeneity in the actual
exercise intensity achieved across studies, potentially
affecting the precision with which interventions can be
classified as “high-intensity” While this limitation does
not undermine the feasibility or safety of HIET inter-
ventions, it may reduce comparability across trials and
should be considered when interpreting effectiveness
outcomes. In this context, future research should aim
to balance methodological rigor with clinical feasibil-
ity by adopting standardized yet pragmatic approaches
to intensity prescription, such as validated submaximal
testing protocols or combined heart rate and perceived
exertion algorithms. This would improve reproducibility
while maintaining accessibility in clinical dementia care
settings.

Overall, the findings of this review suggest that HIET
may be feasible for people with dementia and/or MCI
and/or mild cognitive impairment. Feasibility was sup-
ported by generally acceptable dropout rates, moderate-
to-high adherence, and high completion rates among
participants who initiated the interventions, including
individuals with stable comorbidities. The limited use of
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cardiopulmonary exercise testing across studies, consis-
tent with current ACSM guidelines, does not appear to
represent a major barrier to feasibility.

Evidence of the effects of high intensity training on
physical performance

Regarding the training effects on physical performance, it
seems that HIET primarily improves VO,max [28, 31, 33,
36] and the parameters relating to the walking speed [16,
23, 34, 35]. These ameliorations often seem to be associ-
ated with the cognitive improvement of the patients [30,
31, 35-39].

As known, VO,max is an important parameter that is
widely recognized as the best functional assessment of
cardiopulmonary capacity and is a predictor of longevity.
The increases in this parameter following the interven-
tion of HIET could be considered as a strength for HIET.

Since there is no direct possibility to compare the
effects of high-intensity and moderate-intensity exercise
on cardiopulmonary capacity in the population analyzed
by this review, other studies are required. It has been
seen that HIET has a higher capacity to increase VO,max
both in healthy populations and in pathological popula-
tions. Furthermore, another strength point is that HIET
is time saving compared to moderate activity.

Evidence of the effects of high intensity training on
cognitive/psychological/neuropsychiatric aspects

As far as the cognitive-psychological part is concerned,
most of the studies reported changes especially in the
ADAS-Cog and NPI (which were the most used tests
to assess global cognitive ability) in the studies with the
aerobic HIET protocol [28], also in those with strength
HIET exercise [31, 38, 39] and in those with combined
aerobic and strength HIET [31, 38, 39]. Even the apathy
level, depressive symptoms and motivation had a signifi-
cant reduction [31]. However, almost half of the stud-
ies did not report improvements in cognitive outcomes
[16, 23-26, 32—34, 40]. What is important to underline
is that the literature analyzed by this review (except for
three studies) seems to univocally point towards the posi-
tive relationship between HIET and changes in cognitive
parameters. Analyzing the results of some studies that
proposed a low/moderate intensity exercise protocol,
literature is instead divided. Some studies did not report
significant changes in cognitive parameters, while others
suggested that low/moderate exercise can lead to signifi-
cant changes in these parameters.

Evidence of the effects of high intensity training on ADLs

As for the results in the analysis of ADLs, most of the
studies did not report significant results [5, 16, 26, 31, 33,
34, 41, 51]. What must be underlined is a general trend
towards better results, not however significant. This
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could be explained by the training protocols not directly
aimed at improving the ADLs as much as they were
aimed at training physical performance. The hypothesis
that training the typical gestures of daily living activities
would improve the results of ADLs cannot be rejected by
this review.

Evidence of the effects of high intensity exercise training
on quality of life

HIET does not show improvements in the quality of life
in this population [16, 26, 30], exception for one study
[42]. Although the studies that assessed this aspect report
that the experimental group tends to have a higher qual-
ity-of-life score compared to the control group, this may
be due to a higher baseline score and not necessarily to a
positive effect of the training intervention.

Limitations of the review

Some critical points need to be highlighted in this review.
One initial consideration is that some studies lacked pre-
cise information on dementia, including treatment and
disease-related variables (e.g., treatment type and status,
disease grade and stage), which could potentially con-
found the results. Moreover, other confounding variables
that must be taken into account and could influence the
results include baseline activity levels, medication use,
and dietary habits of the subjects. Furthermore, there
is a clear focus of studies on western countries (United
States, Europe, Australia) which underlines a lack of
research in the continents of Africa and Asia, therefore,
an ethnic generalization of the results cannot be taken
into account. There would be a need to broaden the
research field also in other geographical areas to imple-
ment the range of ethnicities taken into consideration.
Another limitation is that exercise intensity was often
based on perceived exertion rather than the results of a
maximal cardiopulmonary exercise test. For this rea-
son, participants did not exercise rigorously at the same
intensity within the designated high-intensity zone. Con-
sequently, it can be inferred that some results could be
influenced by this fact. Furthermore, the limited use of
maximal pre-intervention exercise testing across the
included studies represents an additional methodologi-
cal limitation. The absence of systematic baseline capac-
ity assessments may have introduced heterogeneity in
the actual exercise intensity achieved by participants and
reduced the precision with which interventions could be
classified as high-intensity.

Conclusions

This review suggests that HIET may be a feasible inter-
vention for individuals with dementia and/or MCIL
Feasibility is supported by acceptable dropout rates,
moderate-to-high adherence, and high completion rates
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among participants who initiated the interventions.
However, evidence regarding the effectiveness of HIET
on cognitive and functional outcomes remains limited
and heterogeneous, and conclusions should therefore
be interpreted with caution. Given these considerations,
it is advisable to conduct larger-scale studies to more
comprehensively explore the relationship between HIET
and dementia and/or MCI. Based on the results of this
review and the limitations identified in the included stud-
ies, future research should aim to determine the optimal
intensity, frequency, and duration of HIET protocols, as
well as to identify patient subgroups most likely to ben-
efit. Advancing research in these areas could help refine
clinical guidelines and support the incorporation of HIET
into standard dementia care.
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