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Abstract

Background and Objectives: Multicomponent training (MT) combines aerobic, strength, postural, and balance exercises
and may be a promising intervention strategy for dementia. This meta-analysis study aims to systematize evidence concerning
the effectiveness of MT in physical fitness, cognition, and functionality on activities of daily living (ADL) in older adults
with dementia and to identify moderation patterns regarding training variables.

Research Design and Methods: 4 databases were systematically searched to locate potential trials through March 2019.
A total of 2,312 records were identified and a final set of 17 manuscripts reviewed; of these, 6 satisfied all eligibility criteria.
Results: Samples sizes ranged from 27 to 170 participants; MT programs lasted between 4 weeks and 12 months, took
place from a daily basis to twice a week, and sessions ranged from 30 to 60 min. The TESTEX scale was used to analyze
the methodological quality, and the funnel plots to assess the risk of bias. This meta-analysis revealed that MT interventions
benefit older adults with dementia regarding ADL performance (effect size = 0.313 [0.16-0.46]; p < .01), but the evidence
was not sufficiently robust to determine the effectiveness of MT on cognitive function and physical fitness, particularly, on
agility.

Discussion and Implications: MT may be an important nonpharmacological strategy to enhance ADL functionality on
older adults with dementia. Findings suggest that long-term interventions are more prevalent than high-frequency and
longer duration exercise sessions. Further evidence is needed for acknowledging its benefits in specific cognitive abilities and
physical fitness. This meta-analysis is registered in PROSPERO (no. CRD42020141545).

Keywords: Cognition, Exercise/physical activity, Function/mobility, Intervention, Neurocognitive disorder

Dementia and neurocognitive disorder are umbrella terms public health priority (Alzheimer’s Disease International,
used to describe a set of diseases that progressively affect the 2018). Approximately 5% of the world’s older adult popu-
brain and several cognitive functions (American Psychiatric lation (roughly 47 million people) was affected by dementia

Association, 2013; World Health Organization [WHO], in 2015, and estimations predict a total of 75 million in
2017).In 2012, the WHO placed this condition as a global 2030 and 132 million by 2050 (WHO, 2017).
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Globally, dementia represents one of the major causes of
disability and dependence among older adults (WHO, 2017,
2018,2019). The Lancet Commission on Dementia Prevention,
Intervention and Care (2017) has recently emphasized that ef-
fective interventions to delay or prevent dementia cases should
address multiple reversible risk factors like physical inactivity,
depression, metabolic and cardiovascular disease (diabetes, hy-
pertension, and obesity), hearing loss, smoking, social isolation,
and poor education (Livingston et al., 2017).

Physical inactivity accounts for 3.8% of cases of dementia
worldwide (Sallis et al., 2016) and is the highest (of seven
potentially modifiable) population-attributable risk factor
(Norton et al., 2014)—between diabetes mellitus, midlife hy-
pertension and obesity, depression, smoking, and low educa-
tional attainment. It is estimated that around 3 million cases
of Alzheimer’s Disease (AD), the most common dementia type,
could be avoided with a 10%-25% shift in modifiable risk
factors (Blondell et al., 2014; Erickson et al., 2012). Blondell
et al. (2014) emphasized that higher levels of physical activity
were associated with an 18 % reduction in the risk of dementia.

Physical activity is defined as any corporal movement
produced by skeletal muscle contraction resulting in en-
ergy expenditure. Exercises refer to planned, structured,
and systematic physical activity, with the purpose to main-
tain or improve at least one of the physical components of
physical fitness—aerobics, strength, flexibility, or coordina-
tion/balance (American College of Sports Medicine, 2017,
Caspersen et al., 1985). Physical activity, and particularly
exercise, might have a significative impact to improve cog-
nition and/or prevent dementia (Erickson et al., 2019;
Quaglio et al., 2016; Winblad et al., 2016).

The accumulated evidence acknowledges the benefits
of exercise as a preventive measure against dementia (Alty
et al., 2020; Gomes-Osman et al., 2018; Livingston et al.,
2017; WHO, 2019), particularly AD (Norton et al., 2014;
Radak et al., 2010). However, prior reviews suggest that
the dose-response relationship of interventions to induce
those benefits remains undefined (Cass, 2017; Kivipelto
et al., 2018; Skinner et al., 2018).

Regular exercise appears to benefit individuals
diagnosed with dementia due to its potential influence on
treating the symptoms or delaying its progression, in ad-
dition to its intrinsic benefits upon physical fitness, cardi-
ovascular health, and individual wellness (Almeida et al.,
2019; Cass, 2017; Skinner et al., 2018; Smith et al., 2010).
In fact, there is strong evidence that different modalities
of exercise (e.g., aerobics, balance, strength training, or a
combination of these) may help to delay functional and
cognitive decline, minimize the risk of falls, manage neuro-
psychiatric symptoms, and improve activities of daily living
(ADL) independence and quality of life in older individuals
with cognitive impairment (American College of Sports
Medicine, 2017; Forbes et al., 2015).

Forbes et al. (2015) and Skinner et al. (2018) rein-
forced the need to identify the best combination of training
variables (frequency, intensity, type, and time—or FITT)

appropriate to a specific type/severity of disease and con-
sidering the right target outcome. In fact, the therapeutic
role of exercise as a nonpharmacological adjuvant treat-
ment of patients diagnosed with dementia needs further ev-
idence (Livingston et al., 2017).

This meta-analysis focuses on a specific training meth-
odology entitled Multicomponent Training (MT). It has
been suggested that MT combining aerobic, strength, pos-
tural, and balance exercises (Baker et al., 2007) can im-
prove functional and cognitive performances in healthy
older adults (Baker et al., 2007; Carvalho et al., 2009;
Toraman et al., 2004) and seems to be a feasible inter-
vention for older adults with dementia (Borges-Machado
et al., 2019; Kirk-Sanchez & McGough, 2014; Sampaio
et al., 2019, 2020; Smith et al., 2010). These components
must be combined during each exercise session and distrib-
uted over time along with training planning. Despite mul-
timodal methodologies having been presented as feasible,
and to provide a maximum benefit on several dimensions
for individuals with dementia (Burton et al.,, 2015;
Hernandez et al., 2015; Lam et al., 2018), the existing sys-
tematic reviews and meta-analytical studies regarding the
efficacy of exercise for people with dementia do not focus
on this specific training methodology (Blankevoort et al.,
2010; Farina et al., 2014; Forbes et al., 2015; Gomes-
Osman et al., 2018; Groot et al., 2016; Heyn et al., 2004;
Lam et al., 2018; Pitkili et al., 2013; Smith et al., 2010).

In short, stronger evidence is warranted to confirm the role
of MT in the improvement of cognitive function, ADL func-
tionality, and physical fitness of older adults with dementia.
Moreover, we could not find prior studies investigating
the role of FITT components within MT as moderators of
changes in cognitive and functional conditions.

To address this gap in the literature, the present meta-
analysis includes controlled trials of MT interventions for
older adults diagnosed with dementia considering the two
following objectives: (a) to determine MT effectiveness to
improve physical fitness, cognition, and ADL functionality
and (b) to identify moderation patterns of those effects in
regard to FITT training variables.

Method

This meta-analysis is consistent with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement (Moher et al., 2015) and
was registered in the International Prospective Register of
Systematic Reviews (registration no. CRD42020141545)—
available on request. The PRISMA checklist can be found
in Supplementary Table 1.

Study Inclusion Criteria

The systematic review included studies published in English
which meet the following criteria: (a) controlled trials
(randomized or not); (b) exercise interventions conducted
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with older adults clinically diagnosed with dementia (from
mild to severe stages); (c) studies performed with humans,
with a mean age older than 65 years; (d) interventions
applying exclusively MT; (e) peer-reviewed studies. In brief,
only trials investigating the effect of MT versus nonexercise
control groups on physical fitness, cognitive function, or
ADL functionality were included. There was no restriction
on intensity, frequency, and duration of exercise programs.
Studies exclusively performed with participants diagnosed
with Parkinson’s disease, Huntington’s disease, or other rare
forms of dementia were excluded, because these patients
tend to exhibit significant motor/functional limitations.

Literature Search Strategy

Potential trials were identified through an electronic liter-
ature search using PubMed, Web of Science, SCOPUS (in-
cluding Embase), and SportDiscus databases. The first two
authors (E Borges-Machado and N. Silva) systematically
searched the databases to locate potential trials through
March 2019. A Boolean search strategy using the following
combination of medical subject heading descriptors and

» <«

their synonyms was applied: “exercise,” “motor activity,”

» <«

“circuit-based,” “dementia,” “neurocognitive (disorder/
disease),

daily living,” “functional (independence/performance/au-

» <« » <« » <

cognition,” “executive function,” “activities of

»

tonomy),” “physical (fitness/conditioning),” as presented in

Supplementary Table 2.

Study Selection

The same two authors (F. Borges-Machado and N. Silva)
further screened all potential reports using a multistage re-
view process: (a) by title only, (b) by title and abstract, and
(c) finally by full-text review. This process was completed
using a spreadsheet program from Microsoft. After a de-
tailed review of the articles, F. Borges-Machado conducted
manual searches in order to identify additional studies
that met the inclusion criteria by consulting the references
list of the included studies. Any disagreements regarding
potential inclusion or exclusion of studies were resolved
by discussion between the authors to achieve consensus.
Interrater reliability regarding study selection was assessed
by means of Cohen’s kappa, reporting a substantial agree-
ment k = 0.742 (p < .002); 95% CI [0.41-1.08].

Data Extraction, Quality Assessment, and Study
Outcomes

Data from studies were extracted independently by one
author (FE Borges-Machado) according to the following
categories: (a) study identification—authors, publication
year, country, study design; (b) sample characteristics—
size, sex proportion and age, type of dementia, clinical de-
mentia diagnosis criteria, scores in the Mini-Mental State

Examination (MMSE), and/or Clinical Dementia Rating;
(c) ADL functionality (basic and instrumental ADL meas-
ured through validated questionnaires), cognitive function,
and physical fitness (gait speed, agility, balance, upper and
lower body strength, flexibility, cardiorespiratory capacity,
and motor hand function) outcomes with a level of signif-
icance; (d) control group treatment; and (e) exercise inter-
vention—FITT variables, intensity monitoring, supervision,
and design setting. Corresponding authors were contacted
to request additional data/information when required.

As presented in Supplementary Table 3, study quality
was assessed by means of the TESTEX scale (Smart et al.,
2015), a 12-point checklist with higher scores (maximum
15 points) indicating better study quality.

Effect Size Estimate

The Hedges’ g effect size was used to quantify alterations on
cognition, ADL functionality, and physical fitness (agility)
from multicomponent interventions, defined as corrected
standardized mean difference (SMD) between two groups
based on the pooled, weighted standard deviation (SDj;
Durlak, 2009).

Initially, the paired difference (mean experimental
group — mean control group) and paired difference standard
deviation (experimental SD? + control SD? — 2 x intertrial
correlation x experimental SD x control SD)? were cal-
culated. Subsequently, we determined the SMD (paired
difference x (2 — 2 x intertrial correlation))? + (paired dif-
ference SE) and the SMD standard error ((1/7 + SMD? +
(2 x 1)) x (2 = 2 x correlation factor))'2,

Thus, the correction factor obtained by equation 1 —
{3 + [4 x (total n — 2) 1]} was multiplied by the SMD
to estimate the Hegde’s g (Borenstein et al., 2009). When
studies reported only the SE value, the SD was calculated
by multiplication of SE by the square root of the sample 7.
The interstudy correlation factor (correlation between data
from experimental and control groups) was not provided
by any of the studies, therefore the value an SMD of 0.5
was considered across studies. A positive value of Hedges’
g effect size (ES) indicates that the experimental group
was superior on a positively oriented outcome measure
(ADL functionality, physical fitness, or cognition), when
comparing to the control group (Durlak, 2009).

Sensitivity analysis was performed to confirm if the cal-
culated effect sizes of the included studies were dependent
on each other (Becker, 1988; Card, 2011).

The Cochran Q was calculated to analyze whether the
individual studies’ treatment effects are farther away from
the common effect, beyond what is expected by chance,
that is, to verify if the homogeneity of the observed ef-
fect sizes was significant. The Cochran Q was converted
to a standardized homogeneity measure (I? statistic) and
to the correspondent confidence interval (95% CI) to eval-
uate how much heterogeneity was present on the included
sample—ranging from 0% to 100%, representing total
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variation across studies—with values of 25%, 50%, and
75% corresponding to low, moderate, and high heteroge-
neity (Higgins et al., 2003). As the I* approaches 100%
and CI do not include 0%, the hypothesis of homogeneity
is rejected and it is more probable that heterogeneity has
occurred.

Statistical Analysis

The meta-analysis and meta-regressions were exe-
cuted through the Comprebensive Meta-Analysis pro-
gram (version 2.2, Biostat Inc., Englewood, NJ). The
random-effect model was applied based on the possi-
bility of the samples presenting unknown particularities
that could interfere with the true effect of the interven-
tion. Differences between variables of the subgroup
were tested through a Q test based on analysis of vari-
ance, namely: age (years), % women, body mass index
(BMI), total intervention duration (weeks), weekly
frequency, session duration (min), TESTEX scale, and
Journal Impact Factor. The risk of bias across studies
was analyzed through funnel plots with effect sizes
(x-axis) versus the SMD to each group of study (y-axis).
Additionally, the nonparametric “trim and fill” method
of Duval and Tweedie was also used to test and correct
potential publication biases (Hoffman, 2019).

Results

Study Selection and Quality Assessment

A total of 2,312 records were retained after removing
duplicates. Of these, 2,295 trials were excluded based on
titles and abstracts. The reasons were samples not com-
posed of human individuals with dementia (k& = 1,805);
interventions without exercise (medication, genetics, be-
havioral strategies, etc.), multimodal (k = 414), or trials
that did not apply MT or did not report the presently
investigated outcomes (k = 86). Of the 17 manuscripts
retained for full-text review, only five satisfied all inclu-
sion and exclusion criteria and were included in the meta-
analysis. For the qualitative analysis, however, six studies
were considered. Figure 1 presents the PRISMA literature
review flowchart.

Sample and Study Characteristics

Six controlled trials (Barreto et al., 2017; Buirge et al., 2017,
Rolland et al., 2007; Sampaio et al., 2019; Steinberg et al.,
2009; Vreugdenhil et al., 2012) were included in quali-
tative analysis. Of these, one was a nonrandomized trial
(Sampaio et al., 2019) and two were pilot studies (Barreto
et al., 2017; Steinberg et al., 2009). As presented in Table 1,
sample sizes across the studies ranged from 27 (Steinberg
et al., 2009) to 160 (Buirge et al., 2017) participants clini-
cally diagnosed with dementia (7 = 489), with a mean age

Records identified through
database searching
(n=2722)

PubMed (n= 736) — —
Web of Science (n= 789) Additional records identified

Sports Discuss (n= 146) through other sources
Scopus (n=1051) (n=2)

- l l

Duplicates removed
(n=412)

Identification

Records excluded
(n = 2,295), with reasons:
Animal model (n= 154)
Without dementia (n= 1,285)
Parkinson’s or Huntington’s diseases or
other rare form of dementia (n= 366)
Not experimental or an exercise
intervention study (n= 359)
Not multicomponent or desired
outcomes (n= 86)
Medication or genetics studies (n=19)

Screening

Records screened
(n=2312)

) |

Full-text articles excluded
(n = 11), with reasons:
Dual-task activities (n= 3)
Executive functioning training (n=3)
Combined exercise intervention (n=1)
Functional, strength and dual-task (n=2)
Not exclusively multicomponent (n=1)
Activity specific exercise program (n=1)

Full-text articles

assessed for eligibility
(n=17) \

Eligibility

) |

Studies included in Full-text article excluded (n=1), with
qualitative synthesis ~—— reasons:
(n=6) Insufficient data (n = 1)

l

Studies included in quantitative
synthesis (meta-analysis)
(n=5)

Included

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow chart diagram showing the articles screened
and included in the meta-analysis study (n = 5).

of 80.9 years (age range: 51-93), 67.48% (n = 330) were
women and presented an MMSE mean score of 15.03 =
5.69 points, or 81% of participants had a total score less
than 20 points.

Dropouts, Adherence, and Adverse Events

The greatest attrition rate occurred in the study conducted
by Rolland et al. (2007), specifically among controls
(19%). Sampaio et al. (2019) reported an attrition rate
of 18.9%—seven of 37 participants dropped out in both
groups from initial to final assessments. Barreto et al.
(2017) reported a dropout rate of 6.2% and 12.4% after 3
and 6 months of intervention, respectively. In Biirge et al.’s
(2017) study, 10 of 170 participants failed to finish the
MT intervention, representing an attrition rate of 5.88%.
Vreugdenhil et al. (2012) evaluated 27 participants at
baseline, all of whom completed the final evaluations.
Steinberg et al. (2009) did not report information on the
attrition rate.

Regarding the mean adherence to MT interventions,
three studies reported rates around 70%-80% (Barreto
et al., 2017; Sampaio et al., 2019; Steinberg et al., 2009).
In the study conducted by Biirge et al. (2017), participants
in experimental and control groups were present in 13 of
20 sessions. Similarly, in Rolland et al.’s (2007) study, most
participants had low adherence (participated in less than
30 sessions). Vreugdenhil et al. (2012) did not report the
adherence levels to their MT intervention.
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Study name Statistics for each study Hedges's g and 95% Cl

Hedges's Lower Upper

g limit  limit  p-Value
Barreto et al. (2017) 0179 -0229 0.588 0.390
Burge et al. (2016)_Trial 1 0.186 -0.123 0495 0.238
Burge et al. (2016)_Trial 2 0.156 -0.153  0.465 0.323
Rolland et al. (2007)_Trial 1 0.367 0.027 0.706 0.034
Rolland et al. (2007)_Trial 2 0660 0314 1006  0.000 »
Vreugdenhil et al. (2012)_Trial 1 0.527 -0.092 1.145 0.095
Vreugdenhil et al. (2012)_Trial 2 0232 -0378 0841 0.456
0313 0.163 0463  0.000 ¢

Figure 2. Effect of multicomponent training exercise interventions on
activities of daily living’s functionality.

Study name Statistics for each study Hedges's g and 95%Cl
Hedges's Lower Upper
'] limit limit  p-Value
Barreto et al. (2017) 0.013 -0395 0.421 0.950
Sampaio et al. (2016)_Trial 1 0511 -0197 1220 0.157
Sampaio et al. (2016)_Trial 2 0606 -0.107 1.319 0.096
Vreugdenhil et al. 2012) 0479 -0.138  1.095 0.128

0295 -0.003 0.592 0.050

Figure 3. Effect of multicomponent training exercise interventions on
cognition.

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper

'] limit limit  p-Value
Rolland et al. (2007) _Trial 1 0.000 -0.337 0.337 1.000
Rolland et al. (2007)_ Trial 2 0.097 -0240 0434 0.571
Sampaio et al. (2016)_ Trial 1 0227 -0472 0926 0.524
Sampaio et al. (2016)_ Trial 2 0412 -0292 1.116 0.251
Vreugdenhil et al. (2012) 0600 -0.022 1.221 0.059

0.153 -0.052 0.356  0.140

Figure 4. Effect of multicomponent training exercise interventions on
agility.

Three studies addressed potential adverse events of
MT interventions for older adults with dementia (Barreto
et al., 2017; Rolland et al., 2007; Steinberg et al., 2009),
including mortality, hospitalizations, fractures, falls, and
other nonserious and serious events. Barreto et al. (2017)
found a greater occurrence of falls in the control group,
and Rolland et al. (2007) reported higher hospitalization
rates among patients who exercised. Although Steinberg
et al. (2009) reported serious adverse events in individuals
assigned to the intervention group, none of them was due
to the MT intervention.

Design of the Interventions

Routine medical care (Rolland et al., 2007; Sampaio et al.,
2019; Vreugdenhil et al., 2012) or other specific health-
related care (Steinberg et al., 2009) was the most frequent
intervention offered to control groups. Two studies offered
social activities for the control groups. Barreto et al. (2017)
proposed 1-h sessions of arts and crafts or therapeutic
music, twice a week for 24 weeks. In Biirge et al.’s (2017)
study, patients watched videos or played social games
5 times a week for 30 min.

Table 3. Meta-Regression Analyses of MT Intervention
Characteristics Regarding ADL Functionality

p
Variable N (trials) SLOPE Value
Age (years) 7 -0.006 .73
% women 7 0.003 47
BMI N 0.015 .94
Total intervention 7 0.007 .04*
duration (weeks)

Weekly frequency 7 -0.044 27
Session duration (min) 7 0.008 11
TESTEX scale 7 -0.024 .75
Journal Impact Factor 7 0.007 24

Note: ADL = activities of daily living; BMI = body mass index;
MT = multicomponent training.
*Statistically significant difference (p < .035).

The length of exercise interventions (described in
Table 2) was between 4 weeks and 12 months, twice a
week (Barreto et al., 2017; Rolland et al., 2007; Sampaio
et al., 2019), 5 times a week (Biirge et al., 2017), or on
a daily basis (Steinberg et al., 2009; Vreugdenhil et al.,
2012). The duration of exercise sessions ranged from 30
to 60 min (51.3 = 12.4 min). Vreugdenhil et al’s (2012)
intervention consisted of 10 simple exercises in addition to
at least 30 min of brisk walking. Participants in Steinberg
et al’s (2009) study were instructed to achieve daily spe-
cific scores in three physical components. Older adults
with AD accrued points for each activity totally or par-
tially completed (as registered on diaries by their cares),
considering the predefined weekly goals for aerobics (six
points) and strength/balance (four points each). These were
the only studies where caregivers were included in the im-
plementation of the exercise interventions (Steinberg et al.,
2009; Vreugdenhil et al., 2012).

Considering the size of exercise groups, Barreto et al.
(2017) did not report any information. According to
Rolland et al. (2007), each group was formed of two to
seven participants (mean 5.2), based on their baseline phys-
ical abilities, cognitive function, behavior disturbances, and
affinity. Biirge et al. (2017) formed groups of at most four
participants, and in Sampaio et al.’s (2019) study each ex-
ercise group consisted of four to seven individuals with
dementia.

In three studies, music accompanied the exercise ses-
sions (Burge et al., 2017; Rolland et al., 2007; Sampaio
etal., 2019).

Major Outcomes

The statistical analysis was conducted with 16 trials,
identified through the five studies included in the meta-
analysis. Meta-analysis was performed regarding ADL
functionality, cognition, and agility, as data were not
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Figure 5. Funnel plot of standard error by Hedges’ g (activities of daily
living’s functionality).
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Figure 6. Funnel plot of standard error by Hedges’ g (cognition).
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Figure 7. Funnel plot of standard error by Hedges' g (agility).

sufficient to proceed to further analysis regarding other
physical fitness components. The effects sizes of MT are
represented in Figures 2—4, respectively. Overall, this anal-
ysis revealed a positive impact of MT exercise on ADL
functionality with an ES of 0.313 (0.16-0.46; p < .01).
Regarding cognition (ES = 0.29 [-0.00 to 0.59]; p = .05)
and agility (ES =0.153 [-0.052 to 0.356]; p = .14), results
showed that MT intervention did not promote modifi-
cation on these outcomes. The I? statistic revealed low
heterogeneity for the studies that investigated ADL func-
tionality (I* = 8.1; p < .01), cognition (I*> = 7.8; p = .35),
and agility (I> = 0.0; p = .48).

Study name Statistics with study removed Hedges's g (95% ClI)
Lower Upper with study removed
Point limit limit p-Value
Burge et al. (2016)_Trial 2 0.354 0.193 0514 0.000
Barreto et al. (2017) 0.330 0.178 0482 0.000
Burge et al. (2016)_Trial 1 0.345 0.185 0.506 0.000

Vreugdenhil et al. (2012)_Trial2 0.316 0.170 0.463  0.000
Rolland et al. (2007)_Trial 1 0.300 0.143 0457 0.000
Vreugdenhil et al. (2012)_Trial 1 0.300 0.153 0.446  0.000
Rolland et al. (2007)_Trial 2 0.240 0.084 0.397 0.003
0312 0.169 0454 0.000 ’

-4.00 -2.00 0.00 200 4.00

Figure 8. Sensitivity analysis of activities of daily living’s effect size.

Subgroup Analyses

Table 3 details the moderators of ADL effect, with the pur-
pose of addressing the quantitative influence of character-
istics of the included studies or their participants on the
effect size of ADL functionality. Thus, only the total time
(in weeks) of the MT program duration influenced the
ADL effect. For each additional week of intervention, the
total effect size related to ADL functionality increased by
0.007 (p < .05). Neither age of participants (p = .73), gender
(p = .47), or BMI (p = .94) nor other aspects concerning the
studies’ quality (p = .75) demonstrated differences in inter-
vention effects.

Risk of Bias

Publication bias effect was verified using the Egger
test and analyzed through funnel plots combined with
Duval and Tweedie’s “trim and fill” correction method
(Figures 5-7). No publication bias was identified for the
analyzed variables (Figure 5. ADL: g observed = 0.311
[0.169-0.454], g adjusted = 0.311 [0.169-0.454];
Figure 6. Cognition: g observed = 0.281 [-0.000-0.563],
g adjusted = 0.154 [-0.090-0.400]; and Figure 7. Agility:
g observed = 0.152 [-0.050 to 0.355], g adjusted = 0.067
[-0.118 to 0.253]).

Sensitivity Analyses

The sensitivity analyses with study removal over the effects
sizes on ADL trials (Figure 8) did not show any influence
on obtained results.

Discussion

Summary of Evidence
This review included five articles with a total of 438
participants. A sixth article, referring to Steinberg et al’s
(2009) study, was initially included, but due to insufficient
data, it could not be considered in the statistical analysis.
Most participants were women, with an average age older
than 73 years. AD was the most referred type of dementia,
ranging from light to severe stages.

High heterogeneity was found among intervention de-
sign, evaluation instruments, and measures, as well as on
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the description of dementia diagnosis and/or stage. The
MT intervention programs varied widely regarding the
following aspects: a combination of the different phys-
ical fitness components and the amount of time dedi-
cated to each of them; frequency, duration, and intensity
of exercise sessions; settings where MT intervention was
implemented (e.g., nursing homes, psychiatric hospitals,
or patients’ homes). Such diversity was also observed
across physical fitness levels, functional abilities, and de-
mentia stages, as well as regarding the sizes of exercise
groups and professionals’ background involved in pre-
scription, supervision, and evaluation. Therefore, results
must be analyzed with caution because these differences
may have a significant impact on MT intervention results
(Forbes et al., 2015; Livingston et al., 2017). Regarding
control groups, routine medical care or other specific
health-related care was the most frequent intervention
offered to older adults diagnosed with dementia. As
highlighted in previous research (Borges-Machado et al.,
2019; van der Wardt et al., 2017), studies designed for
individuals diagnosed with dementia should consider
other types of interventions, such as monthly recrea-
tional sessions, due to retention purposes and accurate
ethical procedures.

Significantly high attrition rates were reported (nearly
20%); however, adherence to the intervention was also
relatively satisfactory—nearly 70%-80% of attendance
levels on three of the included studies. These differences
between attrition and adherence rates must be analyzed
with caution, considering the possible influence of design
settings, and the inclusion of family caregivers. Thereby,
the studies conducted at home-based settings did not re-
port any dropouts, possibly due to caregivers’ influence
on promoting physical exercise (Almeida et al., 2019;
Steinberg et al., 2009; Vreugdenhil et al., 2012). In con-
trast, the MT intervention conducted with hospitalized
older adults with dementia in acute psychiatric settings
revealed a low overall adherence rate to the program,
whose reasons have been appropriately presented (Biirge
et al., 2017). No serious events attributed to the studies
were reported.

This meta-analysis revealed a positive impact of MT
interventions on ADL functionality. Concerning cognitive
function and physical fitness, specifically agility, results
showed that MT intervention did not influence these
outcomes.

In the analysis of ADL moderators, only the MT in-
tervention duration influenced the effect size of this
outcome. Heyn et al. (2004) also reinforced that longer
exercise interventions (more than 23 weeks) were associ-
ated with greater benefits for individuals with dementia.
Exercise session frequency or duration (min) did not influ-
ence the ADL performance effect size. As stated by Forbes
et al. (2015), the mitigation of dependence in ADL func-
tionality, as a result of dementia progressing, is critical
for enhancing the quality of life of both older adults with

dementia and their caregivers and may prevent or delay
institutionalization.

Concerning cognitive function, the MMSE (Folstein
et al., 1975) was the only instrument used to measure
this outcome. Although this cognitive screening tool is a
worldwide reference, there is growing evidence suggesting
it may be unsuitable to measure modifications on cogni-
tion of older adults diagnosed with dementia (Santana
et al., 2016). Therefore, the authors may consider its use
as a limitation on analyzing MT intervention effective-
ness. Farina et al.’s (2014) systematic review, whose aim
was to assess the effectiveness of exercise in cognitive
decline within AD, also reinforced that more important
than analyzing general cognitive functions, subdomain
changes must be addressed through a more comprehen-
sive cognitive test battery. Future exercise studies might
consider the importance of standardization outcome
measures to evaluate the cognitive function of older
adults with dementia and, more importantly, include
more comprehensive instruments. The high heterogeneity
of study designs also contributes to the uncertainty of the
effectiveness of exercise on improving cognitive function
or delaying dementia progression (Erickson et al., 2019).
The overall effect of MT interventions on cognition may
also have been influenced by several clinical factors, such
as different diagnostic medical criteria (DSM-IV, ICD-
10, or NINCDS-ADRDA); variety of types of dementia;
and dementia participants’ disease severity, which ranged
from mild to severe stages.

Finally, we observed that MT interventions were not
effective in improving agility in individuals diagnosed
with dementia. Nevertheless, when analyzing the Hedges’
g forest plots, it is possible to verify that results favor
exercise. The limited number of studies included in this
analysis may explain the absence of a statistically signifi-
cant effect size over this outcome. In fact, although motor
function, gait speed, cardiorespiratory capacity, strength,
balance, and flexibility physical components were meas-
ured, due to insufficient data, these analyses could not be
performed.

To the best of our knowledge, physical fitness is not
commonly considered as a primary outcome in these spe-
cific trials. However, considering the decline of increased
physical fitness’ in older adults with dementia, and its
impact on their ability to independently perform ADL
functionality without fatigue, it seems imperative to be
considered as such. Therefore, future exercise studies for
people with dementia need to focus on measuring physical
fitness effects through reliable instruments, minimizing the
effects of cognitive impairment on physical performance
(Forbes et al., 2015), as previously validated or, at least,
tested by several authors (Blankevoort et al., 2013; Burton
et al., 2015; Gongalves et al., 2018; Lamb & Keene, 2017,
Tappen et al., 1997).

Overall, this review and meta-analytic study highlight
the impact of MT interventions (i.e., comprising several
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components of physical fitness) on promoting/mitigating
the decline of dementia participants’ independence on per-
forming daily tasks, which are critical to enhance theirs’
and caregivers’ quality of life. However, there is no strong
evidence concerning the positive effects of MT training
methodology on specific cognitive abilities and physical
fitness. Further studies are needed to acknowledge these
benefits.

As long as review and meta-analytic studies only focus
on generalized effects of exercise on dementia, particu-
larly on cognitive outcomes, aerobic exercise at moderate
intensity for older adults with dementia at mild to mod-
erate stages of the disease will remain the single existing
guideline on exercise prescription for this health condition
(American College of Sports Medicine, 2018; Erickson
et al., 2019; Groot et al., 2016; Skinner et al., 2018; Smith
et al., 2010). Therefore, research studies must identify the
triad: stage/type of dementia, FITT variables, and target
outcome and defined pathway in order to effectively plan
and prescribe exercise interventions for older adults with
dementia (Forbes et al., 2015; Skinner et al., 2018). It is im-
perative that future review studies focus on specific training
modalities (e.g., MT) to acknowledge its benefits upon a
specific outcome, considering the different types/stages of
dementia.

Limitations

The inclusion of only five studies may be a limitation
of this meta-analysis. First, the use of Baker et al’s
(2007) definition of MT methodology excludes exer-
cise interventions that offer two or three physical fitness
components, but separately on different sessions (vs. in
the same session), which decreased the number of in-
cluded studies. Second, the exclusion of several dementia
types has also contributed to the removal of a consid-
erable number of studies from our sample. However,
these conditions imply adapted programs to patients’
mobility/functional limitations and disease progression
specificities. The inclusion of only English studies may
have also restricted our research.

Finally, the lack of statistical data from the included
studies was also a limitation when analyzing the mod-
erator effect of other variables on ADL function-
ality. Moreover, quality analysis of this review may be
compromised by lack of information on several criteria,
for example, on methods used to control exercise session
intensity and adverse events—determinant factors con-
sidering exercise prescription for older adults diagnosed
with dementia. Therefore, researchers must ensure high
methodological quality trials and provide all the informa-
tion necessary for study quality/reporting analysis (Smart
et al., 2015), and describe statistical data, in order to
guide strong recommendations of MT interventions for
individuals diagnosed with dementia.

Future Practical Implications

With the increasing number of individuals diagnosed with
dementia, this syndrome is now considered one of the
main age-related health problems affecting modern society
(Alzheimer’s Association, 2020; Arvanitakis et al., 2019),
demanding a conjoint action of social and health care serv-
ices to create and implement effective nonpharmacological
strategies to treat and care for the diagnosed individuals
and respective caregivers (WHO, 2019). Future research
studies must consider MT intervention as a potentially
effective training methodology on decreasing the progres-
sion of ADL dependence on older adults with dementia,
which may affect the caregivers’ ability to sustain their
role. Exercise programs should be conducted by qualified
professionals, in small size groups, and including enjoyable
and appropriate activities for the participants, in order to
sustain physical activity over a long period. Well-designed
clinical trials should be conducted at community-based
settings and preferably should include caregivers (Forbes
et al., 2015; Heisz et al., 2016).

Conclusions

This meta-analysis shows that MT interventions are ef-
fective in improving ADL performance of individuals
diagnosed with dementia. Findings suggest that the pro-
gram duration (long-term interventions) had a superior
influence on daily functionality than exercise session fre-
quency and duration. Despite the methodological limita-
tions, high-quality assumptions attested by heterogeneity,
risk of bias, and sensitivity analysis results were achieved.
Finally, our results reinforce the need for future randomized
controlled trials to acknowledge the effectiveness of MT
interventions on cognitive function and physical fitness
of older adults diagnosed with dementia, considering the
combination of different intensity/frequency/time variables
for different types/stages of dementia.
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