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Abstract

Background/Objective. To study the effects of exercise on falls, fractures, hospitalizations and
death in people with dementia.

Methods. We conducted an individual-level patient data meta-analysis of seven randomized
controlled trials (RCT). We looked for studies from the reference list of previous systematic
reviews and undertook an electronic search for articles published between 2013 and 2019 in
Ageline, CENTRAL, PsycINFO, PubMed, and SportsDiscus.

Main outcome measures. Main (binary) outcome measures were the risk of mortality;
hospitalization; faller, multiple faller; injurious faller; and fractures. Secondary (count)
outcomes were the incident rates of hospitalizations, falls, and injurious falls.

Results. From the 1,314 participants, 771 were allocated to the exercise group and 543 to the
control group. The number of cases regarding the main outcome measures in exercisers and
controls were, respectively: 45 (5.8%) and 31 (5.7%) deaths; 102 (14.4%) and 65 (13.4%)
participants hospitalized; 221 (34.4%) and 175 (41.3%) had at least one fall; 128 (20.2%) and
92 (21.7%) had multiple falls; 78 (24.8%) and 92 (29.3%) had injurious falls; and 19 (2.9%)
and 15 (3.5%) had suffered a fracture. Two-step meta-analysis found no effects of exercise on
any outcome. One-step meta-analysis found exercise reduced the risk of falls (OR 0.75; 95%CI
0.57-0.99). Exploratory analysis showed exercise decreased the rate of incident falls in
participants with the lowest functional ability (IRR 0.48; 95%CI 0.30-0.79).

Conclusions and Relevance. Although the two-step meta-analysis suggests exercise does not
have an effect on the outcomes, one-step meta-analysis suggested that exercise may reduce fall
risk. Data from further high-quality RCTs is still needed.

Key-words: exercise; adverse events; falls; dementia;
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Introduction

Exercise is one of the most important non-pharmacological interventions used for the
management of dementia(1). Previous systematic reviews and meta-analyses have suggested
that exercise training may benefit people with dementia in terms of depression, activities of
daily living (ADL), and even cognitive function(2-5).

However, meta-analysis of the effects of exercise RCTs in people with dementia on the
important clinical outcomes falls, fractures, hospitalizations and death are almost non-existent.
To the best of our knowledge, no meta-analysis of exercise in dementia gathered data on
fractures, hospitalization and death. The biological mechanisms through which exercise may
counteract the deleterious effects of aging (in particular in the central nervous system and
musculoskeletal) and, then, lead to risk reductions on falls and fractures are multiple and
probably involve positive effects against sarcopenia(6) (eg, great muscle fiber area(7), muscle
mitochondria functioning(8), as well as other mechanisms(9,10)), bone health(11)
maintenance/improvements of muscle strength(12—17), mobility(12,16), stability, and balance
control (14,16,18). In turn, decreasing falls and fractures might bring forth benefits on other
clinical outcomes since these events often lead to hospitalization(19-21) and may lead to
death(22).

Only one meta-analysis(23), using aggregated data of two randomized controlled trials
(RCT), investigated exercise effects on falls and reported a positive effect for reducing both the
mean number of falls and the risk of being a faller. Several methodological limitations in
original investigations of exercise training for people with dementia impede solid conclusions
and render it difficult to undertake robust meta-analysis. Most studies have small samples
(median number of participants randomized among studies included in previous systematic
reviews < 40(2-5)); and are often rated as having high-risk of bias. No individual-level patient

data (IPD) meta-analysis, gathering data of large-scale, high-quality exercise RCTs in people
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with dementia, has been undertaken to date. IPD meta-analysis has several advantages, in
particular, the possibility to explore optimal intervention doses (e.g, exercise frequency) and
interactions between participants’ characteristics (e.g, dementia severity, levels of functional
decline) and intervention in order to identify target populations that would benefit the most
from exercise. The best exercise dose for people with dementia and specific characteristics of
the population that may benefit the most from exercise is still unknown; limited data from
several populations of older adults, including from nursing homes, suggests that a frequency
between twice and thrice a week(24,25) could be optimal.

The objectives of the present IPD meta-analysis of RCTs for people with dementia were
to investigate the effects of exercise on mortality, falls, fractures, and hospitalizations and
explore elements of exercise regime (e.g, weekly frequency) as well as if individuals’
characteristics that might moderate the findings.

Methods

This study has been registered in the publicly accessible database PROSPERO (number:
CRD42019124486) and follows the PRISMA guidelines(26).

Eligibility Criteria

Inclusion criteria were: (a) RCT with supervised exercise as (one of) the intervention(s); (b)
study population composed of older individuals with dementia (mean age of study population
> 65 years); (c) the original investigation compared the exercise intervention(s) with a non-
exercise comparator group; (d) the study had available data on at least one of the outcome
measures of the present meta-analysis; (¢) moderate-to-large sample size, as defined by having
randomized > 80 subjects (ie, the mean sample size from a recent systematic review of exercise
in dementia(2) involving 20 studies). This latter criterion was applied because large exercise
trials have better methodological appraisal than small-scale studies(2,3,27) and provide more

accurate findings(27). When applied to recent meta-analyses of exercise RCTs for people with
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dementia(2,3), the cut-off of 80 participants discriminated studies at low risk of bias from those
at high risk.

All kinds of supervised (e.g, healthcare professionals or caregivers) exercises (e.g,
home-based or group-based) were eligible.
Search Strategy
We screened articles from recently published meta-analysis of exercise RCTs for people with
dementia(2—4). From these reviews, two authors independently selected articles that matched
the eligibility criteria. Because the last date searched by Forbes et al.(3) in their Cochrane
review was in the year 2013, one author undertook a search on February 5" 2019, from January
2013 to present at: Ageline, Cochrane Central Register of Controlled Trials, PsycINFO,
PubMed and SportsDiscus (Supplements). No language restrictions applied. One author
screened title/abstract to remove studies completely out of scope; then, two authors assessed
the full-text of potentially eligible articles independently. Both first and corresponding authors
of eligible studies were then contacted by e-mail to ask for the raw data; up to three reminder
e-mails over two weeks were sent.
Outcome measures
Binary (primary) outcomes were: Mortality; Hospitalization (eg, inpatient hospitalization,
>24hr hospitalization); Faller (ie, > 1 fall); Multiple faller (ie, > 2 falls); Injurious faller (ie, >
1 injurious fall: eg, fall with wound, head trauma, medical care, fracture, hospitalization); and
Fractures (> 1 fracture). Count outcomes were: number of hospitalizations, number of falls, and
number of injurious falls.

Data on all outcome measures were obtained during the intervention length; to avoid the
potential bias related with additional confounders modifying the associations between exercise
and the outcomes, data from observational period (often less controlled than the intervention

period) obtained after the end of the intervention were not selected.
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Data extraction

The corresponding authors of original investigations selected and extracted the required data.
Data was checked for consistency by looking at the published original investigations and
discussions with original investigators. Beyond the outcome measures, and to keep consistency
across RCTs, we selected the following baseline data: age (years), sex, cognitive function (using
the Mini-Mental State Examination (MMSE)(28), score range 0-30, higher is better), ADL
performance (standardized score), intervention allocation (exercise VS. controls), exercise
regimen (i.e, weekly frequency, intensity, session duration, exercise type), exercise adherence
(exercise sessions attended/ sessions proposed * 100), and study length (weeks). Effective
exercise weekly frequency was obtained as follows: (exercise adherence * exercise weekly
frequency proposed)/100.

The following categorical variables were created: age (<75; 75-85; >85 years); effective
frequency (<1x/week; 1-2x/week; >2x/week), dementia severity (MMSE score: mild dementia,
>21; moderate dementia, 16-20; moderate to severe dementia, 11-15; severe dementia, <10),
ADL performance into quartiles.

Risk of bias

This was assessed independently by two authors across the seven domains of the Cochrane
Collaboration risk of bias tool(29).

Statistical analysis

As pre-specified in the protocol (Supplements), we employed both two-step and one-step
approaches for the meta-analysis. Thirty-seven individuals had < 65 years; since analyses
performed with and without these individuals did not change the results, they were kept in the
final dataset.

The two-step approach was the primary analysis. The statistical plan was modified due

to missing data regarding the date of the events (missing data > 20% across all outcomes).
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Therefore, we opted for using a 2x2 table as the primary analysis for binary outcomes (instead
of survival analysis), which were combined in relative risk (RR) using both DerSimonian and
Laird’s random-effects(30) and fixed effect model (with Mantel-Haenszel method). When
heterogeneity, which was evaluated using I” statistics, was substantial, ie, I>> 50%(31), the main
analysis was performed using random-effect, whereas fixed-effect models were run when 1<
50%. The 2x2 aggregate data approach have the advantage of not being vulnerable to within-
study analysis issues, such as perfect failure prediction (when 0% of the outcome occurs among
either the experimental or the control groups). The intra-cluster correlation (ICC) coefficient
was obtained from a logistic regression model for each cluster RCT, and was employed to
calculate the effective sample size using the design effect. Bias was assessed using the Egger’s
test, with p<0.1 indicating important asymmetry, and funnel plots. For count data, we first
performed within-study Poisson or negative binomial regressions, as appropriate. Then, the
coefficients and 95%CI were combined using the inverse variance method (both random and
fixed models).

In the one-step approach, for both binary and count outcomes, we pooled the samples
across all included RCTs. Binary outcomes were analyzed using a mixed-effect logistic
regression with group allocation, sex, age, ADL performance and MMSE as fixed terms and a
study level random-effect. For count data, mixed-effect Poisson or negative binomial models
were performed with the same fixed and random effects.

For all count analyses, we defined the exposure variable as the total length of the
intervention period for each participant individually (days) (baseline to post-intervention or
death interval).

For all outcomes, we performed stratified analysis according to study setting
(community-dwelling or long-term care facility (LTCF)) and as a function of the type of control

group (active controls or usual care); these analyses are available in Supplements. All analyses
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were performed using STATA version 14 (College Station, TX: StataCorp LP) and a p<0.05

applied for statistical significance.

Sensitivity Analysis in the two-step approach
Within-study binary logistic regressions with group allocation (exercise VS. controls) and
further adjusted for age, ADL performance, MMSE and sex. For cluster RCTs, sensitivity
analysis used mixed-effect binary logistic regression with the same fixed effects, and a random
effect at the cluster level. One of the cluster RCTs(32) was further adjusted for nutritional status
and neuropsychiatric symptoms due to baseline imbalance between groups. The log natural of
the OR were then combined across studies using the inverse variance method (both random and
fixed models).
Sensitivity Analysis in the one-step approach
For both count and binary outcomes, a sensitivity analysis was performed by removing from
the model people with an effective weekly exercise frequency <lx/week, since such a low
frequency is unlikely to lead to benefits on the endpoints investigated.
Exploratory analysis
To get insights on the populations that would benefit the most from exercise, we tested
interaction terms between group allocation and: age (categorical), sex, dementia severity, and
ADL performance (in quartiles).
Results

The authors of 14 studies were contacted: seven provided their data, two indicated they
did not collect data on any of our outcome measures, and five did not answer. Table 1 describes
study characteristics of the seven included RCTs(32-38). Three of them came from France, two
from Sweden, one from the UK, and one from Finland. Length of intervention varied from 13

to 52 weeks. Five trials were performed in long-term care (32-34,37,38) and two in community-
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dwelling settings(35,36). Three trials (32,37,38) were cluster-randomized, and four(33—36) had
parallel individual randomization. Two studies(34,35) had two different exercise interventions;
for the purposes of the meta-analysis, they were combined into a single exercise group. One
trial(37) had a 2x2 factorial design (exercise, nutrition, exercise + nutrition, and controls); the
two exercise groups were combined as well as the two non-exercise groups. Two RCTs(34,37)
had the study population composed of a mix of individuals with and without dementia; the data
used in this meta-analysis corresponded only to people with dementia. All studies, but one(34),
diagnosed dementia using established standards at the moment the trial was run; for the
study(34) that did not formally diagnosed dementia, we selected individuals with a MMSE <
23 (this trial only provided data for mortality; analysis removing participants of this RCT were
performed). RCTs randomized between 97 and 494 participants. Comparator groups were
active controls for three trials(32,37,38) and usual care for the other four trials(33—36). The
exercise interventions were supervised multicomponent training (ie, different exercise types
during the same session, such as aerobic, muscle strength, balance and coordination), with
proposed weekly frequency between two and four times a week, intensity from moderate to
vigorous, and exercise session duration ranged from 30 to 90 minutes per session.

Risk of bias was overall low, except regarding blinding of participants and personnel,
which is an inherent issue for most RCTs of behavioral interventions.

We obtained data for 1314 participants with dementia, being 543 (41.3%) allocated to
control groups and 771 (58.7%) to exercise. Table 2 shows participants’ characteristics for the
pooled population according to group allocation. The sample size varied according to the
outcome investigated.

Mortality
All seven trials provided data for mortality, with only one study having no deaths(37). Seventy-

six deaths (5.8%) occurred during the intervention period. For the 2x2 table in the two-step
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approach, exercise had no effects on mortality in both fixed- (see Figure 1A; p=0.99) and
random-effect models. Heterogeneity was absent (I>=0%), but the Egger’s test detected
asymmetry (p=0.007); the funnel plot showed that smaller studies favored the control group
(less deaths), whereas larger studies favored exercisers. Removing the study by Dechamps et
al.(34), since it did not use established standards to diagnose dementia, attenuated the
asymmetry without changing the results. Sensitivity analysis combining the log natural of OR
of each study provided similar non-significant results (ES: 0.85; 95%CI: 0.48 — 1.51; p=0.59;
I>=15.3%. One trial(34) was removed because the within-study binary logistic regression
presented the issue of perfect failure prediction (0% of deaths occurred among controls)).

For the one-step approach, compared to the control group, exercise did not reduce
mortality (OR 1.06; 95%CI 0.63 — 1.80; p=0.82). The sensitivity analysis removing exercisers
with effective frequency <Ix/week remained insignificant (OR 0.76; 95%CI 0.41 — 1.41;
p=0.39).

Hospitalization

Six trials(32,33,35-38) had data on hospitalizations. Among the 1192 participants, 167 (14.0%)
have been hospitalized. Meta-analysis using the 2x2 table showed no effect of exercise on
hospitalization in both fixed- (Fig 1B; p=0.45) and random-effect models. Heterogeneity was
low (I>=3%), and no asymmetry was identified (Egger’s test: p=0.53). Sensitivity analysis
combining OR (log natural) across studies gave unchanged non-significant results (ES: 1.21;
95%CI: 0.80 — 1.83; p=0.37; I’=2.5%. Note that due to the issue of perfect failure prediction
(0% of hospitalizations occurred among controls), one study(36) was removed).

For the one-step approach, compared to the control group, exercise was not associated
with hospitalization (OR 1.17; 95%CI 0.80 — 1.73; p=0.42). The sensitivity analysis removing
exercisers with low effective frequency changed the direction of the association, but remained

non-significant (OR 0.98; 95%CI 0.65 — 1.50; p=0.94).
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Only four RCTs reported the number of hospitalizations(32,33,35,36) (n=906): 59
people (6.5%) had only one hospitalization and 72 (7.9%) had two or more. Combining data
across studies in a two-step approach found no effects of exercise on the outcome in both fixed-
and random-effect (Fig 1C; p=0.28). One-step analysis provided similar findings (IRR 1.38;
95%CI 0.92 — 2.07; p=0.12); analysis removing people with low effective frequency attenuated
the magnitude of association (IRR 1.06; 95%CI 0.70 — 1.62; p=0.77), but remained statistically
non-significant.

Falls and Multiple falls

Five trials(32,35-38) had available data on falls. Among the 1066 individuals, 396 (37.2%)
have suffered a fall. The 2x2 table approach showed near to significant association of exercise
with falls in both fixed- (Fig 2A; p=0.091) and random-effect models. Heterogeneity was
moderate (I°=45.4%). No asymmetry was observed (Egger’s test: p=0.95). Sensitivity analysis
combining within-study OR (log natural) provided similar results (ES: 0.79; 95%CI: 0.59 —
1.06; p=0.11; 1>=47.2%)).

In one-step approach, compared to controls, exercisers had a significant 25% lower
probability of suffering a fall (OR 0.75; 95%CI 0.57 — 0.99; p=0.040). The sensitivity analysis
removing exercisers with low effective frequency found similar results, but lost significance
(OR 0.79; 95%CI 0.59 — 1.05; p=0.10).

Regarding the number of falls, 176 people (16.5%) had only one fall and 220 (20.6%)
had two or more. Combining data using a two-step approach found exercise had a non-
significant association with the outcome in both fixed- and random-effect (Fig 2B; p=0.33)
models. One-step analysis gave a similar result (IRR 0.82; 95%CI 0.63 — 1.06; p=0.13).
Analysis removing people with <Ix/week effective frequency showed exercisers had

significant lower IRR for falls compared with controls (IRR 0.76; 95%CI 0.59 —0.99; p=0.039).
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For multiple falls, the 2x2 table approach found no effect of exercise on this outcome in
both fixed- and random-effect (Fig 2C; p=0.71) models. Heterogeneity was substantial
(I>=52.2%). No asymmetry was observed (Egger’s test: p=0.60). Sensitivity analysis combining
within-study OR (log natural) provided similar results (ES: 0.87; 95%CI: 0.49 — 1.55; p=0.64;
1°=55.6%).

In one-step approach, exercise was not significantly associated with multiple falls (OR
0.82; 95%CI 0.59 — 1.13; p=0.23). The sensitivity analysis removing exercisers with <1x/week
effective frequency did not change the results (OR 0.85; 95%CI 0.61 — 1.18; p=0.34).
Injurious falls and Fractures
Four RCTs(32,35,37,38) provided information on injurious falls. From the 574 participants,
154 (26.8%) had an injurious fall. Meta-analysis using 2x2 data found a near-to-significant
association of exercise with injurious falls in both fixed- (Fig 3A; p=0.09) and random-effect
models. Heterogeneity was [°=0% and there was no asymmetry (Egger’s test: p=0.50).
Sensitivity analysis combining within-study OR (log natural) provided similar findings (ES:
0.75; 95%CI: 0.50 — 1.13; p=0.17; I’=0%).

In the one-step approach, a similar near-to-significant association was found between
exercise and injurious fall (OR 0.71; 95%CI 0.48 — 1.05; p=0.089). The sensitivity analysis
removing exercisers with low effective frequency attenuated this association (OR 0.75; 95%CI
0.50 — 1.12; p=0.16).

Regarding the number of injurious falls, from the 574 participants with available data,
102 (17.6%) had one injurious fall and 52 (9.1%) had two or more. Combining data using a
two-step approach found exercise had a non-significant association with the outcome in both
fixed- and random-effect (Fig 3B; p=0.49) models. One-step meta-analysis provided unchanged
results (IRR 0.81; 95%CI 0.57 — 1.16; p=0.25), including the sensitivity analysis removing

people with low effective exercise (IRR 0.82; 95%CI 0.57 — 1.18; p=0.29).

33



For fractures, five studies(32,35-38) had patient-level data available. From the 1069
people, 34 (3.2%) suffered a fracture (only two individuals suffered more than one event).
Exercise was not associated with this outcome in both fixed- (Fig 3C; p=0.83) and random-
effect models. Heterogeneity was [>=0%. No asymmetry was observed (Egger’s test: p=0.49).
One further trial(33) did not have patient-level data available, but we could obtain the
aggregated data from the original report; including this trial in the 2x2 aggregated analysis did
not modify the findings. Due to issues of perfect prediction, we did not combined data using
the log natural of within-study ORs.

For the one-step approach, exercise had no effect on fractures (OR 0.91; 95%CI 0.45 —
1.85; p=0.80). Analysis removing exercisers with low effective frequency provided unchanged
findings (OR 0.93; 95%CI 0.45 — 1.95; p=0.86).

Analysis stratified by study setting (community-dwelling or LTCF) and control group (active
controls or usual care)

Stratified analysis provided mostly non-significant results (Supplements, Appendix 11 and
Appendix 12 for setting and control group analyses, respectively), except: in LTCF, exercisers
had an increased IRR for the number of hospitalizations (n=210 from two studies(32,33)); in
studies among community-dwellers and with usual care controls, exercisers had a reduced IRR
for both the number of falls (n=583 from two studies(35,36)) and injurious falls (n=191 from
one study(35)).

Exploratory analysis

Most analyses exploring the interactions between the intervention and participants’
characteristics (ie, ADL levels, dementia severity, age, and sex) provided non-significant
associations for all the outcomes, except for: sex (interaction: IRR 0.40; 95%CI 0.18 , 0.91; p=
0.028), with women (but not men) in the exercise group having a higher incident rate ratio

(IRR) of hospitalizations (IRR 2.13; 95%CI 1.20 — 3.79; p=0.010) than those in the control
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group; and ADL levels, with exercisers in the lowest ADL quartile (worst function) having a
lower IRR for falls (IRR 0.48; 95%CI 0.30 — 0.79; p=0.003), compared to controls in the same

ADL quartile (no significant associations were found for the remaining three ADL quartiles).

Discussion

The primary analysis (two-step approach) did not support exercise has positive effects on the
outcomes investigated. Secondary analysis using the one-step (pooled) approach found that
exercise was associated with a reduced risk of fall. Findings on injurious falls suggest exercise
may reduce injurious falls, although this was not statistically significant and hence should be
interpreted with caution. Exercise had no effects on death, hospitalization, multiple falls, and
fractures.

Our primary analysis found only a near-to-significant (p=0.091) association with the
risk of falls; however, this result, allied to the significant finding from the one-step analysis
suggest that the well-known association of exercise with fall reduction(24,39,40) in older
people potentially applies to the specific population of people with dementia. This assumption
is further supported by recent literature indicating the one-step approach to IPD meta-analysis
may outperform the traditional two-step approach(41,42), even though there is no consensual
gold standard defining the best approach in IPD meta-analysis. Previous meta-analyses in
people with dementia(23) or cognitive impairment(43) found exercise benefited participants on
fall-related outcomes. The present work extends findings from prior meta-analysis by including
a higher number of studies and sample size, and by having access to the individual-level patient
data.

Findings from our exploratory and sensitivity analyses further extend the literature by
suggesting exercise reduces the rates of incident falls in individuals with the highest risks

(participants with low functional ability). Focusing the exercise intervention in subjects with
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very low functional ability may be a beneficial strategy; in our dataset, subjects in the worst
ADL performance group had: ADCS-ADL-sev <12 (mean (£SD), 7.4 (2.9))(32); Barthel Index
(0-20 points) <10 (5.7 (2.1))(37,38); Functional Independence Measure < 59 (47.7 (10.3))(35);
Bristol ADL index > 18 (24.1 (5.9)(36)). The information that exercising > 1x/week might bring
about reductions in the number of falls deserves further investigation, since keeping higher
effective exercise frequencies in the long term may be challenging in such a vulnerable
population(25,44). The possibility that very high weekly frequencies of exercise would increase
the risk of falls, as raised by previous studies(24,45), seems not to apply to people with dementia
for weekly frequencies lower than 4x/week (maximum frequency across studies included in this
meta-analysis). Why the exercise interventions had no effects on multiple falls deserves further
investigations. A recent study on exercise plus home hazard reduction(46) found the
intervention decreased by 26% the number of multiple faller in people with cognitive
impairment. It is, however, possible that multiple falls is a difficult-to-change outcome that
would ask for individualized exercises specifically tailored to reduce falls or the combination
of exercise with other interventions. Once further high-quality RCTs, with different exercise
intensities, frequencies, and duration will be available for pooled analysis, this hypothesis can
be tested.

Previous meta-analyses (24,39,47) have consistently found exercise reduces the risk
and/or incident rates of injurious falls in older people. Our results among people with dementia
point in this direction, although not statistically significant; the absence of significant
associations was probably related to lack of power for this analysis. The significant reduction
in the number of injurious falls in community-dwellers must be examined with caution since
this analysis involved only one study. Injurious falls is a major clinical event and interventions
that may affect this outcome in individuals with dementia, such as exercise, should

systematically report on it.
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It is interesting to note that, even though not significant, our primary analyses on the
associations of exercise with fallers and injurious fallers follow similar patterns than those
found in previous high-quality meta-analyses not restricted to people with
dementia.(24,39,40,47), with modest benefits for the risk of being a faller (reduced risk of 11%-
17%; 13% in this study) and moderate benefits for the risk of injurious faller (reduced risk >
20%; 21% in this study). If such effects are confirmed when further data from high-quality
exercise RCTs in people with dementia are added, this may mean that exercise benefit people
with dementia to the same extent than it does to other populations of older people. It is therefore
possible that dementia is not in itself a barrier that would impede individuals to benefit from
exercise in terms of risk reduction for falls.

Regarding fracture, this was an extremely rare event in our sample and the issue of
statistical power may, therefore, have affected analysis on this outcome. The literature on
exercise effects for decreasing the risk of fractures in older people is still mixed(24,40,48,49);
data is lacking for exercise RCTs in dementia populations.

The non-significant associations with mortality and hospitalization were expected, since
this is in-line with literature on this topic (24,39). For hospitalizations, although far from
significance, the fact analyses showed exercise was associated with increased risk and incidence
rate for this outcome is troubling. The interaction between intervention and sex, with women
exercisers having higher incident rate of hospitalizations than women in control group, as well
as the stratified analysis in LTCF showing that exercisers had an increased number of
hospitalizations compared to controls, ask for further research on this topic.

The present study has several strengths: this is the first IPD meta-analysis ever
undertaken regarding exercise RCTs for people with dementia. Since we had access to raw data,
we could explore hypothesis about the best exercise dose (weekly frequency really performed

by participants) and the target population; we selected clinically meaningful outcomes; sample
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size was large for this research field, potentially reducing power-related bias. However,
limitations are worth mentioning: due to heterogeneity across RCTs, we were unable of
stratifying analysis according to dementia subtype and dementia diagnosis criteria, and further
adjusting analysis for potential confounders; data on the number of hospitalizations and
injurious falls were less often available, diminishing the statistical power and reducing findings’
generalizability; although sample size was large, we probably lacked power for analysis on
mortality and fractures, as well as stratified analysis according to study setting; analyses were
not corrected for multiple comparisons, thus, multiplicity may have increased the chances of
type I error. The choice for including RCTs with > 80 participants was arbitrary. Gathering data
from all trials and undertaking subgroup analysis restricted to large-scale and high-quality
RCTs would have been a more comprehensive approach; however, it would have been much
more time- and resource-consuming. Although this sample size criterion was arbitrary, this led
to the inclusion of high-quality trials with reliable data and, then, robust results.

Conclusions

Our primary (two-step) analysis suggests that exercise does not have an effect on falls, injurious
falls, fractures, hospitalization or mortality in individuals with dementia during the intervention
period. One-step analysis showed exercise was associated with a reduced risk of falls. These
mixed findings demonstrate the difficulty in drawing solid conclusions for the moment about
the benefits of exercise on these important outcomes in people with dementia. Further large-
scale, high-quality RCTs are still needed to explore the potential for exercise to decrease the
risk of both falls and injurious falls in this population. Future exercise RCTs in individuals with
dementia should systematically collect and report (including count) data on crucial outcomes,
such as injurious falls, hospitalizations and fracture, besides more classical data on mortality

and falls.
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Table 1. Study characteristics.

Authors | Coun | Study Design, Participants Exercise intervention Dementi | Setting Comparator group
and try and groups a
Year diagnosi
S
Decham | Franc | Design: Parallel-group RCT; | Length. 24  weeks; Type. Group-based either | MMSE <| LCTF | Usual care
ps et al. e Study population: 82.3 yrs, | multicomponent training or adapted tai chi; Intensity. 23
2010(34) 71.7% women, three groups: | Moderate in the multicomponent training and light-to-
control n=60, multicomponent | moderate in the adapted tai chi group; Frequency. twice a
exercise group (CA)=49, | week in the multicomponent group and 4x/week in the
adapted tai chi (AT) group | adapted tai chi group; Session duration. 30-45 minutes for
n=51 the multicomponent group and 30 minutes for the adapted tai
chi group
De Franc | Design: cluster-RCT; Study | Length. 24 weeks; Type. Group-based multicomponent | DSM- LTCF | Active controls: 24 weeks
Souto e population: 87.7yrs, 82.5% | training (exercises to improve cardiorespiratory endurance, v of group-based therapeutic
Barreto muscle strength, flexibility, and balance); Intensity. music  mediation  (eg,
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et al. women, two groups: exercise | moderate; Frequency. twice a week; Session duration. 60 relaxation, playing
2017(32) (n=47), controls (n=50) minutes. instruments, singing) or
arts and crafts (eg, painting
and drawing, clay
modelling); 2x/ week, 60
min/session.
Lamb et | UK | Design: Parallel-group RCT; | Length. Four months; Type. Multicomponent training | DSM-IV | Commun | Usual care
al. Study population: 78 yrs, 39% | (exercises to improve cardiorespiratory endurance and ity
2018(36) women, two groups: group- | muscle  strength); Intensity. = Moderate-to-vigorous; dwelling
based exercise (n=329)% | Frequency. twice a week; Session duration. 60 to 90 minutes.
controls (n=165)
Pitkala | Finlan | Design: Parallel-group RCT; | Length. 52 weeks; Type. Multicomponent training (exercises | NINCDS | Commun | Usual care
et al. d Study population: 78 yrs, 39% | to improve cardiorespiratory endurance, muscle strength, - ity
2013(35) women, three groups: home- | flexibility, and balance); Intensity. moderate; Frequency. | ADRDA | dwelling

based exercise supervised by

physiotherapist (n=70), group-

twice a week; Session duration. 60 minutes
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based exercise (n=70)",

controls (n=70)

Rolland | Franc | Design: Parallel-group RCT; | Length: 52 weeks; Type. Group-based multicomponent | NINCDS | LTCF | Usual care
et al. e Study population: 83 yrs, 75% | training (exercises to improve cardiorespiratory endurance, -
2007(33) women, two groups: exercise | muscle strength, flexibility, and balance); Intensity. | ADRDA

(n=67), controls (n=67) moderate; Frequency. twice a week; Session duration. 60

minutes.

Rosenda | Swed | Design: Cluster-RCT, 2x2 | Length. 13 weeks; Type: Group-based, high-intensity | DSM-IV | LTCF | Active controls: 13 weeks
hl et al. en | factorial design; Study | functional exercise program (exercises to improve lower- of group-based activity
2008(37) population: 85 yrs, 73% | limb strength, balance and mobility), individually-tailored program including

women, two groups: exercise

(n=91), controls (n=100);

With-in each group,
participants were randomized
to receive either a nutrition

intervention or placebo.

and performed in weight-bearing positions similar to daily
activities; Intensity: Moderate to high; Frequency: Five
sessions per fortnight; Session duration. 45 minutes. At the
end of the exercise period, physical tasks were introduced for

the participant in order to maintain physical function

activities performed while
sitting, e.g., watching films,
reading, singing, and
conversing. The program

was based on
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themes, e.g., the old
country shop, famous
people, and games from the
past; 5 sessions per

fortnight, 45 min/session.

Toots et
al.

2019(38)

Swed

€n

Design: Cluster-RCT; Study
population: 85 yrs, 76%
women, two groups: exercise

(n=93), controls (n=93)

Length. 17 weeks; Type: Group-based high-intensity
functional exercise program (exercises to improve lower-
limb strength, balance and mobility) individually tailored and
performed in weight-bearing positions similar to daily
activities; Intensity: Moderate to high; Frequency: Five

sessions per fortnight; Session duration: 45 minutes

DSM-1V

LTCF

Active controls: 17 weeks
of group-based activity
program including
activities performed while
sitting, e.g., conversing,
singing, listening to music
or readings, looking at
pictures and objects. The
program was based on
themes, e.g., local wild life,

seasons, and holidays; 5
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sessions per fortnight, 45

min/session.

Note. DSM-1V, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; LTCF, long-term care facility; MMSE, Mini-Mental
State Examination; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke - Alzheimer’s Disease and
Related Disorders Association; RCT, randomized controlled trial

aAfter the 4-month supervised exercise period, participants received a home-based physical activity program with a target of unsupervised 150
min/week of physical activity. Data for the current meta-analysis come from the supervised exercise period

®Home-based and group-based exercisers were combined in a single exercise group for the purposes of this meta-analysis
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Table 2. Participants’ characteristics

Variable Total Exercise group | Control group
(n=1314) (n=771) (n=543)
Age (years) 80.8 (8) 80.1 (8) 81.9 (8)
Sex (women) 746 (56.8) 424 (55) 322 (59.3)
MMSE (0-30, higher is better) 17 (7) 17.7 (6.9) 16 (6.9)
ADL performance (quartiles),
n=1,249
Low 320 (25.6) 185 (25.4) 135 (26)
Intermediate low 312 (25) 184 (25.2) 128 (24.6)
Intermediate high 315 (25.2) 183 (25.1) 132 (25.4)
High 302 (24.2) 177 (24.3) 125 (24)
Exercise adherence (%), n=770 - 69.9 (30.3) -
Effective  weekly  frequency - 1.5 (0.69) -
(days/week)
Outcome measures
Mortality (n=1313) 76 (5.8) 45 (5.8) 31 (5.7)
Hospitalization (n=1192) 167 (14.0) 102 (14.4) 65 (13.4)
Number  of  hospitalizations 0.34 (1.09) 0.37 (1.16) 0.30 (0.98)
(n=906)
Falls (n=1066) 396 (37.1) 221 (34.4) 175 (41.3)
Number of falls (n=1066) 1.15(3.1) 1.08 (3.1) 1.24 (3.1)
Multiple falls (n=1066) 220 (20.6) 128 (19.9) 92 (21.7)
Injurious falls (n=574) 154 (26.8) 78 (24.8) 76 (29.3)
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Number of injurious falls (n=574)

0.46 (1)

0.44 (1)

0.48 (1)

Fractures (n=1069)

34 (3.2)

19 (2.9)

15 (3.5)

Note. Continuous variables are means (SD); categorical variables are absolute numbers (%).
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Figures’ Title
Figure 1. Effects of exercise on mortality, hospitalization, and rate of hospitalizations
Figure 2. Effects of exercise on falls, rate of falls, and multiple falls

Figure 3. Effects of exercise on injurious falls, rate of injurious falls, and fractures

Figure’s Legends

Figure 1. Figure 1 displays the findings of the two-step meta-analysis on the risk of mortality
(A), the risk of hospitalization (B), and the rates of hospitalizations (C).

Figure 2. Figure 2 displays the findings of the two-step meta-analysis on the risk of falls (A),
the rates of falls (B), and the risk of multiple falls (people suffering > 2 falls) (C).

Figure 3. Figure 3 displays the findings of the two-step meta-analysis on the risk of injurious

falls (A), the rates of injurious falls (B), and the risk of fractures (C).
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