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Abstract

Background The prevalence of mild cognitive impairment (MCl) and its subsequent progression to dementia
has increased progression to dementia has increased worldwide, making it a topic of interest. of interest, and it
has been observed that approximately 23% of cases are avoidable through preventable through vigorous exercise.

Methods A systematic review with meta-analysis was conducted by searching in the PubMed, Scopus, CINAHL,
and Web of Science databases. For inclusion, studies had to incorporate High Intensity Training (HIT) as a primary
or significant component of the overall intervention for older adults with MCI. Out of the 611 articles identified, 14
randomized clinical trials met the criteria for inclusion in the review.

Results Fourteen trials were included in the systematic review, and seven were included in the meta-analysis. A total
of 1839 participants were included in the studies, with 1014 receiving a high-intensity training-based intervention,
and 998 were considered in the meta-analysis. Compared to usual care or sedentary activities, the high-intensity
training interventions had a positive effect on cognition, either improving it or delaying the decline (g = 0.710 (95%
Cl:0.191 — 1.229; p = 0.007). Additionally, the meta-analysis determined that a frequency of 3 sessions per week (g
=0.964, Cl=0.091 — 1.837, p = 0.030) of approximately 60 minutes (g = 0.756, Cl = 0.052 — 1.460, p = 0.035) each
was the best dose to obtain better effects on global cognition.

Conclusion Low-frequency and short-duration high-intensity training interventions are sufficient to improve
or at least delay the decline in global cognition.
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Introduction

In Colombia, as in much of the world, a demographic
transition has been taking place for many years, as evi-
denced by an inverted population pyramid [1]. Currently,
it is possible to observe an increase in the older adult
population, which can be attributed to improvements in
the quality of life. Conversely, the younger population has
experienced a decline as a result of decreasing birth rates
[2]. The changes in population dynamics pose a problem
that was not considered in previous decades, namely the
burden on the healthcare system arising from aging and
its detrimental effects on people’s health [3]. According
to data published by the National Administrative Depart-
ment of Statistics (DANE) of Colombia, the aging index
has quadrupled between 1950 and 2020. In 1950, there
were 12 older adults for every 100 children under 15
years of age, whereas in 2020, the number of older adults
increased to 49 [4].

Current literature indicates that aging has a significant
negative impact on various areas of the brain, including
the prefrontal, temporal, and hippocampal regions. It
also leads to a decrease in brain volume and blood flow,
which results in memory and cognitive impairments
[5-9]. Consequently, a decline in cognitive functions
is expected as individuals age [10]. In this context, mild
cognitive impairment (MCI) emerges as a critical stage in
the aging process. MCI is defined as a decline in cogni-
tive abilities that does not meet the threshold for demen-
tia. However, research suggests that MCI may serve as a
precursor to dementia, particularly Alzheimer’s disease
[11].

It is important to highlight that MCI affects not only
a small group of individuals but also poses a significant
public health challenge worldwide. The prevalence of
MCI and its progression to dementia in the older adult
population are substantial and increasing, with an esti-
mated 78 million cases expected by 2030 [12]. Therefore,
effective strategies are needed to prevent the progression
of MCI and alleviate its impact on the quality of life of
older adults [13].

In this regard, scientific research has demonstrated the
crucial role that physical exercise and other interventions
can play in maintaining and improving cognitive func-
tion in the older adult population [14—16]. Furthermore,
this issue has garnered the attention of various research-
ers, highlighting the necessity to explore strategies that
can halt its natural progression toward dementia and its
potentially fatal outcome [17].

Regarding physical exercise, one of the option used
is High-intensity training (HIT). This type of train-
ing is typically characterized by exerting an effort that
exceeds 60—80% of one’s maximum repetition (1RM)
during resistance or strength training [18]. In the case
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of cardiopulmonary exercise, it involves maintaining
a target intensity ranging from 80 to 100% of the maxi-
mum heart rate (HRmax) [19]. This type of exercise has
demonstrated a positive impact on various physical and
cognitive variables. It has been shown to improve factors
such as fall risk, balance, gait, independence, memory,
verbal fluency, attention, and global cognition [16, 20—
23]. Moreover, HIT has been found to influence cogni-
tive improvement in older adults with MCI or dementia
by enhancing blood flow and promoting neuroplasticity
[24]. Additionally, the exercise in general can enhance
cardiovascular function and reduce the risk of chronic
degenerative diseases. These benefits can also have a pos-
itive impact on cognitive health from a neurobiological
perspective [25].

Different authors have demonstrated, through sys-
tematic reviews, that the heterogeneity observed among
the different studies makes it impossible to attribute the
effects to a standardized exercise protocol [26, 27]. How-
ever, evidence suggests HIT is the most effective type
of exercise for mitigating the effects of aging on cogni-
tion by increasing the production of brain-derived neu-
rotrophic factor (BDNF, at least in young adults [28].
Additionally, Nascimento et al. [29] observed that aero-
bic exercise reaching 80% of the maximum heart rate,
estimated by Karvonen’s formula, was able to improve
cognitive function in cognitively impaired older adults
through the increase of BDNF. Therefore, the objectives
of the current systematic review with meta-analysis were
to determine the optimal dose-response relationship of
HIT to achieve maximum therapeutic effects in improv-
ing cognition in older adults with MCI or dementia.

Through this research, we aim to make a valuable con-
tribution to the development of physical exercise-based
interventions that can effectively delay the progression of
MCI or dementia and enhance the quality of life for older
adults. Moreover, we anticipate that our study will pro-
vide robust scientific evidence to support the implemen-
tation of personalized and effective exercise strategies in
this expanding population group.

Methodology

This systematic review with meta-analysis aims to deter-
mine the optimal dose-response relationship of HIT for
achieving maximum therapeutic effects in improving
cognition among older adults with MCI or dementia. The
development of this review adhered to the guidelines out-
lined in the PRISMA 2020 document [30] and followed
the procedures described in the Cochrane Manual for the
Elaboration of Systematic Reviews of Interventions [31].
The review protocol was registered and pre-specified in
PROSPERO under the code CRD42023408275.
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Eligibility criteria

Inclusion criteria

The articles included in this review had to meet the fol-
lowing inclusion criteria: (i) Studies that utilized HIT
as part of the treatment for older adults with MCI or
dementia in the experimental group; (ii) Randomized
clinical trials; (iii) Objective measurement of cognition
before and after the exercise intervention. These cri-
teria were employed to ensure that the selected stud-
ies focused on HIT interventions, employed rigorous
experimental designs, and used objective measures to
assess changes in cognition before and after the exer-
cise intervention.

Exclusion criteria

The following exclusion criteria were applied in this
systematic review with meta-analysis: studies that did
not measure the relevant study variables; to ensure the
extrapolation of the results, studies focused on ethnic
minorities, populations with limited mobility, history
of psychiatric disorders, acute infections, neurologi-
cal diseases, and hormonal disorders were excluded.
Additionally, studies that lacked an acceptable level of
internal and external validity (PEDro scale<6) were
excluded. Moreover, publications such as books, meta-
analyses, reviews, systematic reviews, protocols, clini-
cal trial registries, and non-peer-reviewed articles were
discarded from the analysis. These criteria ensured that
the selected studies had a sufficient level of methodo-
logical rigor and relevance for the review.

Information sources

A literature search was conducted between October
and December 2023 in Pubmed, Scopus, Web of Sci-
ence and CINAHL databases.

Search strategy

Keywords were used through the following search
strategy: (“high-intensity training” OR “high-intensity
exercise” OR “HIIT” OR “High-Intensity exercise train-
ing” OR “high intensity training” OR “high intensity
exercise” OR “HIT” OR “High Intensity exercise train-
ing” OR “resistance training” OR “Physical exercise”
OR “intensive training program” OR “circuit training”
OR “dance” OR “high-intensity”) AND (“older adults
with cognitive impairment” OR “cognitive impairment”
OR “Cognitive decline” OR “Dementia”) AND (“global
cognition” OR “Cognition” OR “cognitive function”).

Selection process
The search results obtained were processed using the
Rayyan QCRI application [32] (https://rayyan.qcri.org/
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welcome) which automatically eliminated duplicate
articles. Two authors (D.F.A.-R and A.C.-C.) indepen-
dently and blindly reviewed the titles and abstracts of
the remaining articles to assess their compliance with
the inclusion criteria. Subsequently, they read the full-
text articles. Any discrepancies or disagreements in
the selection process were resolved through consensus
with a third author (A.A.-A.).

Data collection extraction

The main variables of this review focused on measur-
ing outcomes related to cognition. Each included article
was classified based on its year of publication, country,
author/s, characteristics of the participants (age, sample
size and group distribution), intervention to be followed
by the experimental and control groups (duration of the
intervention, duration of each session and frequency as
well as the intensity measure), type of variable, test used
and follow-up time.

Methodological quality assessment

The methodological quality of the selected articles in this
review was assessed using the PEDro scale, which is a
widely utilized scale for evaluating methodological qual-
ity. The scores were obtained from the PEDro website
whenever available. If not available, two authors (D.F.A.-
R. and M.R.M.-B.) independently evaluated the studies.
In case of any discrepancies, a third author (A.M.G.-M)
resolved them. The PEDro scale consists of eleven items
that assess the internal and external validity as well as
statistical support of the publication [33]. The first item,
which pertains to external validity, is not included in the
final score calculation. Each of the remaining items was
scored as either one (if the criterion is met) or zero (if the
criterion is not met) in the publication. The sum of the
scores for the second to eleventh items determined the
overall score, which ranged from zero to ten points. The
overall scores were categorized as follows: 0-3 points
(poor quality), 4-5 points (fair), 6-8 points (good), and
>9 points (excellent).

Effect measures

A meta-analysis was conducted to consolidate the dose-
response relationship of the HIT intervention in the
older adult population. Furthermore, an outlier analy-
sis was performed within the meta-analysis to identify
and assess the influence of any potential outliers on the
pooled results. To achieve this, a sensitivity analysis was
conducted by excluding the identified outliers and com-
paring the results with those obtained in the original
analysis. Any differences between the sensitivity analysis
and the original analysis were carefully examined, and
this process ensured the comprehensive inclusion of all
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relevant articles while maintaining the integrity of the
findings.

The selection between the random effects model and
the fixed effects model will depend on the level of het-
erogeneity and variability identified through Cochrane Q
and I? statistics. Forest plots were used to visually present
the results of the meta-analysis. The forest plots included
information such as the name of the first author, the pub-
lication date, individual effects (reported as Hedge’s g or
Difference in means), the overall effect with its 95% con-
fidence interval (CI), and the associated p-value for each
statistic.

Subgroup analysis or stratified analysis was con-
ducted by grouping studies based on the frequency,
duration, and volume of interventions. This analysis
aimed to examine the effect size and variability within
each subgroup, providing a more comprehensive and
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detailed understanding of the results. Additionally, the
risk of publication bias was assessed using a funnel plot.

Results

Study selection

A comprehensive search was conducted across vari-
ous databases, resulting in a total of 611 articles. Prior
to the screening process, 139 duplicate articles were
eliminated, leaving a total of 472 distinct articles. These
articles were then screened based on their titles and
abstracts, resulting in 219 articles that were further
reviewed in full text. Out of these, 14 articles [34—47]
were included in the systematic review, while 204 arti-
cles were excluded. The study selection process, follow-
ing the PRISMA statement [48], is illustrated in Fig. 1.
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M)
c Records identified from (n = 611):
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)
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=
o
o
8 \4
Reports assessed for eligibility
(n=218) Reports excluded:
Wrong study design (n = 103)
Wrong outcome (n = 65)
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—
4
2
o Studies included in review
E]
] (n=14)
=

Fig. 1 PRISMA Flow diagram of the study selection
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Study characteristics

All of the articles included in this systematic review with
meta-analysis were randomized controlled clinical trials.
The studies were published in various countries including
United States [34—36, 39, 40, 43—-45], Netherlands [37,
46], Switzerland [42], New Zealand [47], United King-
dom [38] and the United Arab Emirates [41]. However,
it is important to note that while the articles were pub-
lished in these countries, the actual research was con-
ducted in different locations such as Netherlands [34,
43], Norway [44, 45], Colombia [42], Australia [35], Brazil
[41], Canada [39], China [47], Denmark [37], Italy [40],
Nigeria [36], United Kingdom [38] and Sweden [46]. The
studies were conducted between 2014 and 2023, with
2015 being the year with the highest number of publica-
tions [34, 37, 44, 45].

A total of 1839 individuals participated in the stud-
ies included in this review. Among them, 825 partici-
pants were assigned to the control group who received
usual care (n=431) or low-intensity exercise (n=394),
while 1014 received a HIT intervention. The mean age
of the participants across the studies was 77.85+6.64
year (Tables 1 and 2). Among the included studies, only
one [47] directly measured the HRmax, while the oth-
ers relied on estimation and subjective control methods,
such as using formulas to calculate HRmax or assessing
perceived exertion rate.

Methodological quality

The methodological quality of the included studies was
assessed using the PEDro scale. Eleven studies were
assessed using the PEDro website, while three studies [41,
42, 45] were evaluated manually. Overall, the 14 studies
included in this review demonstrated a good methodo-
logical quality. However, it is important to note that none
of the studies blinded participants or therapists (item 5
and 6). Additionally, six studies [34, 36, 37, 40, 41, 43] did
not implement a concealed allocation of participants to
groups (item 3) (Table 2).

Global cognition

The main outcome in this review was global cognition.
Several methods were employed to measure global cogni-
tion across the included studies. These methods included
the Mini-Mental State Examination (MMSE) in studies
[34, 36—38, 43—46], the Alzheimer’s Disease Assessment
Scale-cognitive (ADAS-Cog) in studies [35, 39, 40], and
the Montreal Cognitive Assessment (MoCA) in studies
[41, 42, 47]. Among the included studies, seven [35, 36,
38—42] reported a statistically significant improvement in
within-group analysis for participants who received the
HIT intervention. Only one study [38] did not observe an
improvement in cognition following HIT.
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Additionally, although the remaining studies did not
report significant differences, they did observe a deceler-
ation in the progression of cognitive decline in the popu-
lation that received the HIT intervention. These findings
suggest a potential positive impact of HIT on cognitive
function and a potential slowing of cognitive decline.

Overall effect

Out of the 14 articles included in this review, only 2 stud-
ies were not eligible for meta-analysis. One [36], was
excluded due to the use of an intervention in the con-
trol group that differed from usual care or low-intensity
exercise, while the other was excluded for duplicated data
[44]. The meta-analysis considered a total of 998 older
adults, with a mean age of 79.48 + 6.42. Two models were
considered for the meta-analysis: the fixed effects model
and the random effects model. The random effects model
was chosen to allow for the extrapolation of the results.
Through the random effects model, it was revealed that
HIT demonstrated a significant but small mean effect
size of g=0.710 (95% CI: 0.191 — 1.229; p=0.007) on
global cognition (Fig. 2).

Dose-response

To determine the dose-response, a subgroup analy-
sis was established, using frequency, time, and volume
of interventions as moderating variables. In the case of
frequency, the analysis revealed that the greatest mean
effect size (g=0.964, CI=0.091 — 1.837, p=0.030) was
observed when interventions were performed three
times per week (Fig. 3). On the other hand, three arti-
cles included interventions performed twice per week,
while only one article performed the intervention four
times per week, reporting a lower mean effect size. The
effect size was not significant for the twice-per-week
intervention (g=0.113, CI=-0.026 — 0.252, p=0.110),
whereas it was significant for the four-times-per-week
intervention (g=0.475, CI=0.014 — 0.935, p=0.043).
Finally, considering the results of Hoffman et al. [37] as
outliers, an analysis was performed excluding them. A
smaller mean effect size was observed compared to when
they were included, although it was still higher than the
effect sizes obtained with other frequencies (g=0.522,
CI=0.172 — 0.872, p=0.003).

Regarding duration, the sub-group analysis allowed
us to show that short-duration sessions (<60 min) pre-
sented the greatest mean effect size (g=0.756, C1=0.052
— 1.460, p=0.035) when compared to longer durations
(>60 min) (g=0.585, CI=-0.290 — 1.460, p=0.190)
(Fig. 4). Additionally, when considering the results of
Hoffman et al. [37] as outliers, an analysis excluding their
results showed a smaller but still significant mean effect
size (g=0.317, CI=0.171 — 0.463, p <0.001).
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Table 2 Methodological quality of the included articles

(2024) 21:23 Page 9 of 14

»

Authorship 1 2 3

n
o
N
©
©
=
)
=

Total

Bossers et al,, 2015 [34]
Fiatarone et al., 2014 [35]
Gbiri et al., 2020 [36]
Hoffmann et al., 2015 [37]
Lamb, et al, 2018 [38]
Liu-Ambrose et al,, 2016 [39]
Maffei et al., 2017 [40]
Nascimento et al, 2014 [41]
Rivas-Campo et al., 2023a [42]
Sanders et al., 2020 [43]
Telenius et al., 2015a [44]
Telenius et al., 2015b [45]
Toots et al, 2017 [46]
Zhuetal, 2018 [47]
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Items: 1 =eligibility criteria; 2=random allocation; 3= concealed allocation; 4 =baseline comparability; 5=blind subjects; 6 =blind therapists; 7 =blind assessors;
8=adequate follow-up; 9 =intention-to-treat analysis; 10 =between-group comparisons; 11 =point estimates and variability; Y =Yes; N=No

Study name Statistics for each study

Hedges's g  Lower limit  Upper limit
Bossers et al., 2015 (34) 0.475 0.014 0.935
Fiatarone et al., 2014 (35) 0.325 —0.204 0.854
Hoffmann et al., 2015 (37) 4.183 3.676 4.691
Lamb, etal., 2018 (38) 0.046 —0.141 0.232
Liu-Ambrose et al., 2016 (39) 0.227 -0.238 0.692
Maffei et al., 2017 (40) 1.391 0.982 1.799
Nascimento et al., 2014 (41) 0.502 -0.141 1.145
Rivas-Campo et al., 2023a (42) 0.668 0.319 1.017
Sanders et al., 2020 (43) 0.300 —0.174 0.773
Telenius et al., 2015b (45) 0.105 —0.194 0.405
Toots et al., 2017 (46) 0.281 -0.007 0.469
Zhu et al., 2018 (47) 0.121 -0.322 0.563
Pooled 0.710 0.191 1.229

Hedges's g and 95% CI

p-Value
0.043 —l—
0.228 ———
<0.001 >
0.631 -
0338 —l—
<0.001 ——
0.126 '
<0.001 ——
0.215 ———
0.491 —h—
0.056 -l
0.593 ——
0.007 —al—
-2.00 ~1.00 0.00 1.00 2.00
< >

Favors control Favors treatment

Fig. 2 Forest plot of the overall mean effect size of high intensity exercise over global cognition

Finally, the weekly volume that presented a sig-
nificant mean effect size was when the interventions
reached <135 min per week of high-intensity work
(0.317, CI=0.137 — 0.497, p=0.001). However, when
the volume was higher, although the mean effect size
increased, it was not significant (g=1.109, CI=-0.047 —
2.265, p=0.060) (Fig. 5).

Reporting biases
After analyzing the Funnel-plot graphically, it was possi-
ble to rule out a potential risk of publication bias due to

the symmetry observed in the distribution of the graph
(Fig. 6).

Discussion

The objective of this systematic review with meta-analy-
sis was to determine the optimal dose-response relation-
ship of HIT for achieving maximum therapeutic effects in
improving cognition in older adults with MCI or demen-
tia. Out of the 14 studies included, only 1 [38] reported
not having found favorable effects for the intervention,
understood as improvements in global cognition or a
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Study name Statistics for each study

. . Hedges's g and 95% CI
Hedges'sg  Lower limit  Upper limit  p-Value

Fiatarone et al., 2014 (35) 0325 -0.204 0.854 0.228 —l—

Hoffmann et al., 2015 (37) 4183 3.676 4.691 <0.001 >

Liu-Ambrose et al., 2016 (39) 0.227 -0.238 0.692 0.338 ——

Maffei et al., 2017 (40) 1.391 0.982 1.799 <0.001 —l—

Nascimento et al., 2014 (41) 0.502 —-0.141 1.145 0.126 B

Rivas-Campo et al., 2023a (42)  0.668 0319 1.017 <0.001 —l—

Sanders et al., 2020 (43) 0.300 -0.174 0.773 0215 —_—

Zhu et al., 2018 (47) 0.121 -0.322 0.563 0.593 —i—

Pooled 0.964 0.091 1.837 0.030 *

-2.00 -1.00 0.00 1.00 2.00

D Favors control Favors treatment -

Fig. 3 High-intensity training Mean effect size on global cognition practiced at low frequencies (3 times per week)

Study name Statistics for each study

. . Hedges's g and 95% CI
Hedges'sg  Lower limit  Upper limit  p -Value

Bossers et al., 2015 (34) 0.475 0.014 0.935 0.043 o
Hoffmann et al., 2015 (37) 4183 3.676 4.691 <0.001 >
Liu-Ambrose et al., 2016 (39) 0.227 -0.238 0.692 0.338 ——
Nascimento et al., 2014 (41) 0.502 -0.141 1.145 0.126 L
Rivas-Campo et al., 2023a (42)  0.668 0319 1.017 <0.001 —l—
Sanders et al., 2020 (43) 0.300 -0.174 0.773 0215 —_—
Telenius et al., 2015b (45) 0.105 —0.194 0.405 0.491 -l
Toots et al., 2017 (46) 0.281 -0.007 0.469 0.056 -
Zhu et al., 2018 (47) 0.121 -0.322 0.563 0.593 —i—
Pooled 0.756 0.052 1.460 0.035 ~—
-2.00 -1.00 0.00 1.00 2.00
D Favors control Favors treatment -
Fig. 4 Mean effect size of High-intensity Training on global cognition practiced at short durations (<60 min)
Study name Statlstlc# for each study Hedees's @ and 95% C1
Hedges'sg  Lower limit  Upper limit  p -Value
Bossers et al., 2015 (34) 0.475 0.014 0.935 0.043 e
Rivas-Campo et al., 2023a (42)  0.668 0.319 1.017 <0.001 ——
Sanders et al., 2020 (43) 0.300 —0.174 0.773 0215 —_—
Telenius et al., 2015b (45) 0.105 —0.194 0.405 0.491 -
Toots et al., 2017 (46) 0.281 -0.007 0.469 0.056 —i—
Zhu et al., 2018 (47) 0.121 -0.322 0.563 0.593 ——
Pooled 0317 0.137 0.497 0.001 >
-2.00 -1.00 0.00 1.00 2.00
- Favors control Favors treatment "

Fig. 5 Mean effect size of High-intensity Training on global cognition when 135 min of work per week were completed
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Fig. 6 Funnel plot for publication bias

decrease in the normal progression of cognitive impair-
ment. Additionally, the meta-analysis determined that
the best effects of HIT are obtained at low frequencies
and durations, with sessions occurring three times per
week and not exceeding 60 min individually. It is impor-
tant to highlight that the volume that caused a statisti-
cally significant mean effect size was 135 min per week
(0.317, CI=0.137 — 0.497, p=0.001).

Exercise, particularly at high intensities, generally has
favorable effects on cognition, as demonstrated by our
results and recent literature [49-51]. However, achieving
improvement in cognition may not always be possible in
older adults with cognitive impairment or dementia. This
limitation arises from various subject-specific variables
and their context, including dietary patterns, supplemen-
tation, sleep patterns, social engagement, and disease
status [52]. Consequently, a delay in the natural progres-
sion of the pathology is regarded as a favorable outcome.
Through meta-analysis, we determined that HIT has
a positive, albeit medium, and statistically significant
effect on global cognition (g=0.710, 95% CI: 0.191 —
1.229; p=0.007). This exercise intervention helps allevi-
ate the decline in mental functions associated with MCI
or dementia, in contrast to the control groups, which
experienced a worsening of this variable in all included
studies.

It has been estimated that approximately 23% of cases
of MCI could be prevented if older adults engaged in

vigorous physical activity at least three times per week
[53]. This possibility arises from the multiple effects that
HIT has on brain physiology and metabolism during
the aging process. Furthermore, if exercise is performed
throughout different stages of the lifespan, it accumu-
lates positive effects and enhances the brain’s resilience to
cognitive decline [54]. Emerging evidence suggests that
metabolic changes in the brain, such as atypical protein
aggregation, impairment of protein degradation path-
ways, disrupted axonal transport, mitochondrial dys-
function, and programmed cell death, play a role in the
onset and progression of neurodegenerative disorders
like MCI and Alzheimer’s disease [55]. In contrast, exer-
cise has garnered substantial attention for its potential in
mitigating cognitive decline, attributed to its beneficial
effects on brain structure, neuroplasticity, and vascular
function [56, 57]. However, it is essential to acknowledge
that considerable heterogeneity exists among the exercise
protocols employed in studies investigating its impact on
cognition. This observation has been noted by Domingos
et al. [8] in their systematic review with meta-analysis, as
well as by other researchers [26, 27].

The heterogeneity observed in the intervention pro-
tocols proposed by the studies included in this sys-
tematic review with meta-analysis may account for
the discrepant results reported by the authors. The
meta-analysis indicated that low frequencies (three
or less times per week) and short-duration sessions
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(approximately 60 min) are more effective in enhanc-
ing cognition in older adults with cognitive impair-
ment or dementia. Previous research has already
attributed favorable effects to exercise performed
at low frequencies (one or two times per week) [58].
These findings align with the WHO’s “every step
counts” recommendation and are consistent with the
results observed by Gallardo-Gomez et al. [59], who
reported clinically significant outcomes with exer-
cise doses (frequency and duration) below the recom-
mended levels.

Our systematic review and meta-analysis indicate
that the relationship between HIT “dose”, understood
as the result of the combination of frequency, dura-
tion, and volume, and cognitive function improvement
is not straightforward. Specifically, higher doses do
not necessarily lead to better outcomes. Instead, our
findings suggest that optimal cognitive benefits are
achieved with moderate doses, particularly when ses-
sions are conducted three times per week and do not
exceed 60 min each. This could be explained by adher-
ence and fatigue related to exercise. Although there is
no clear evidence on the modifiable factors and barri-
ers to exercise adherence in older adults with MCI or
dementia [60], it is logical to think that in shorter ses-
sions, it is easier to maintain patients’ attention, thus
sustaining the high intensity of the exercise.

This systematic review with meta-analysis possesses
both strengths and limitations. On the positive side,
the inclusion of studies with good or higher meth-
odological quality according to the PEDro scale, the
substantial number of participants across the studies,
and the diverse range of countries where the stud-
ies were conducted enhance the generalizability of
the results to various populations. However, there are
some limitations to note. Firstly, when considering
HIT, an adaptation period is typically required, which
was not accounted for in this meta-analysis. Secondly,
due to the observed heterogeneity, further studies that
directly compare different exercise doses within two
or more intervention groups are needed. Thirdly, it is
important to acknowledge that for certain analyses,
the number of available articles was limited, necessi-
tating cautious interpretation of the results. Fourthly,
the observed results apply only to older adults with
MCI who do not have comorbidities that may affect
their physical performance. Finally, although HIT is
discussed, most of the included articles did not estab-
lish objective methods of measuring 1IRM or HRmax.
Therefore, new studies are necessary to verify the find-
ings obtained by performing objective measurements.
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Conclusions

In conclusion, this systematic review with meta-anal-
ysis provides evidence that HIT at low doses, specifi-
cally 3 times per week with a duration of at least 60 min
per session, yields clinically significant effects on global
cognition in older adults with cognitive impairment or
dementia. Nevertheless, it is crucial to interpret these
findings with caution, considering the limited num-
ber of studies included in the meta-analysis and the
observed high heterogeneity among them. Further
research that directly compares the effects of different
exercise doses is still required to enhance our under-
standing in this area.
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