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a b s t r a c t

Objectives: The aim of this umbrella review was to determine the effect of physical activity/exercise on
improving cognitive and noncognitive outcomes in people with MCI (mild cognitive impairment) and
dementia.
Design: Umbrella review of systematic reviews (SR), with or without meta-analyses (MAs), of randomized
controlled trials (RCTs) and observational studies.
Settings and Participants: People with MCI or dementia, confirmed through validated assessment mea-
sures. Any form of physical activity/exercise was included. As controls, we included participants not
following any prespecified physical activity/exercise intervention or following the same standard pro-
tocol with the intervention group.
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Methods: The protocol was registered in PROSPERO (CDR 164197). Major databases were searched until
December 31, 2019. The certainty of evidence of statistically significant outcomes was evaluated using
the Grading of Recommendations Assessment, Development and Evaluation approach. SRs’ findings,
without a formal MA, were reported descriptively.
Results: Among 1160 articles initially evaluated, 27 SRs (all of RCTs, 9 without MA) for a total of 28,205
participants with MCI/dementia were included. In patients with MCI, mind-body intervention (stan-
dardized mean difference [SMD] ¼ 0.36; 95% confidence intervals [CI] 0.20e0.52; low certainty) and
mixed physical activity interventions (SMD ¼ 0.30; 95% CI 0.11e0.49; moderate certainty) had a small
effect on global cognition, whereas resistance training (SMD ¼ 0.80; 95% CI 0.29e1.31; very low cer-
tainty) had a large effect on global cognition. In people affected by dementia, physical activity/exercise
was effective in improving global cognition in Alzheimer disease (SMD ¼ 1.10; 95% CI 0.65e1.64; very
low certainty) and in all types of dementia (SMD ¼ 0.48; 95% CI 0.22e0.74; low certainty). Finally,
physical activity/exercise improved noncognitive outcomes in people with dementia including falls, and
neuropsychiatric symptoms.
Conclusions and Implications: Supported by very low-to-moderate certainty of evidence, physical activity/
exercise has a positive effect on several cognitive and noncognitive outcomes in people with MCI and
dementia, but RCTs, with low risk of bias/confounding, are still needed to confirm these relationships.
� 2020 AMDA e The Society for Post-Acute and Long-Term Care Medicine. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
The number of people livingwith dementiaworldwide in 2015was
estimated at 47.5 million, reaching 75.6 million in 2030.1 Future pro-
jections are indicating that this number will be 135.46 million in
2050.1 Approximately 7.7 million new cases of dementia are antici-
pated each year.1 It is widely known that people affected by mild
cognitive impairment (MCI) are at greater risk of dementia than the
general population, and the annual progression rates range from 10%
to 15%.2,3

Unfortunately, there are no curative treatments for dementia or
MCI and so epidemiological research regarding risk factors for this
disease is of importance. It has been estimated that 3% of dementia
cases could be prevented by increasing levels of free-living physical
activity4,5 and a growing body of literature is reporting the importance
of physical activity and exercise for preventing and eventually slowing
down the pathological process and dementia-related problems.6

In this regard, older people who are physically active are more
likely to maintain cognition than those who are not.4 In a meta-
analysis including 15 prospective cohort studies and 33,816 in-
dividuals without dementia at baseline, greater physical activity levels
were associated with a significant reduction in the onset of dementia,
with high levels of physical activity being the most protective.7 In
people already affected by dementia, the important role of physical
activity was confirmed; exercise was found to help in improving
important outcomes, such as cognition.8 Moreover, physical activity in
general and exercise interventions in particular might help in
ameliorating behavioral and psychological symptoms in dementia
(BPSD).9 However, results are not consistent: a recent large trial has,
for example, reported that after a moderate-to-high intensity multi-
component exercise program in people with dementia, intervention
group participants performed worse in some cognitive aspects.10

The effect of physical activity/exercise in MCI is still not clear. Some
studies have reported that physical activity/exercise can prevent the
transition from MCI to dementia and that these interventions can
improve some cognitive and noncognitive outcomes in this specific
population at higher risk for dementia.11

Given the above, the aim of this umbrella review, promoted by the
European Geriatric Medicine Society, is to understand the effect of
physical activity/exercise on improving cognitive and noncognitive
outcomes in people with MCI/dementia.
Materials and Methods

The protocol for this umbrella review is available at: https://www.
crd.york.ac.uk/PROSPERO/display_record.php?RecordID¼164197.
Literature Search and Inclusion Criteria

We searched electronic databases MEDLINE/Ovid, PsychINFO,
CINHAL, Embase, and Cochrane database for Systematic Reviews from
inception to December 31, 2019. We used a combination of MeSH-
terms, text words (in title/abstract and keywords) of dementia, MCI,
physical activity, and exercise. Full details of the search strategy for
MEDLINE/Ovid is reported in Supplementary Table 1. Also, we checked
the reference lists of all eligible articles and other relevant narrative
articles for possible inclusion.

Two reviewers (GG, NV) independently searched titles/abstracts
for eligibility using https://www.covidence.org/. Any disagreement
between reviewers was resolved through discussion and a final
agreement was reached. Four authors (NV, DS, JD, PS), in couples,
assessed the full-text of those articles retained after the title/abstract
screening. Disagreements between reviewers were resolved through
discussion and a final agreement was reached.
We included the following:
(1) systematic reviews [SRs] with or without meta-analyses [MAs] of

interventionsofonlyrandomizedcontrolledtrials (RCTs) regarding
physical activity/exercise interventions in people with MCI;

(2) SRs with or without MAs of observational (prospective and
case-control) studies comparing people with low physical ac-
tivity level (versus high level) for the development of dementia
in people already affected by MCI;

(3) SRs with or without MAs of interventions of only RCTs regarding
physical activity/exercise interventions in people affected by
dementia. We included any form of physical activity (ie, any
movement that is carried out by the skeletal muscles that re-
quires energy), as defined by authors. For exercise (ie, a planned,
structured, repetitive and intentional movement intended to
improve or maintain physical fitness), we included aerobic ex-
ercise, resistance exercise, balance and coordination exercise,
motor-cognitive interventions (Virtual Reality, Exergaming),
mixed programs (eg, aerobic and resistance exercise together),
physiotherapy, and physical activity during occupational ther-
apy. As controls, we included participants not following any
prespecified physical activity/exercise intervention or following
the same standard protocol with the intervention group addi-
tionally receiving an exercise/physical activity component.
When more than 1 SR/MA assessed the same outcome in the same

population, we only included the one with the larger number of
studies.
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Outcomes

Primary outcomes: cognitive function explored with validated
tests (such as the Mini-Mental State Examination, MMSE12) and
categorized according to global and specific domains (attention, ex-
ecutive function, memory, motor speed, and language);

Secondary outcomes:
(1) incidence of dementia in people with MCI, in observational

studies;
(2) BPSDs, measured with validated tests such as the neuropsy-

chiatric inventory (NPI)13;
(3) adverse events (eg, mortality, falls, fractures, hospitalizations,

nursing home admissions);
(4) medical events (eg, stroke);
(5) health-related quality of life;
(6) functional performance tests (eg, gait speed, chair rise, balance,

Short Physical Performance Battery [SPPB], aerobic capacity,
strength).

Data Extraction

Data extraction was led by 2 independent reviewers (JD, GG) and
disagreements were resolved through consensus with the senior
author (NV). This task proceeded with a 2-step approach. In the first
level reported effect sizes (ESs) and the number of studies included in
the SR/MA was extracted; in the second level abstraction, this data
was confirmed at the single study level.

We extracted the following data from included studies: the num-
ber of studies included, the number of participants in each arm,
participant demographics, the length of follow-up, details of physical
activity/exercise intervention (type, duration, intensity, frequency), ES
of outcomes of interest, heterogeneity, publication bias, conflict of
interest.

Next, the study-specific estimated relative risk for health outcomes
was extracted (risk ratio, [RR], odds ratio [OR], hazard ratio [HR],
incident risk ratio [IRR], [standardized] mean difference [(S)MD]),
along with the 95% confidence interval (CI), and the number of par-
ticipants for each study by randomization, divided in active inter-
vention and controls. The SMD is used as a summary statistic in meta-
analysis when the studies all assess the same outcome using a variety
of ways (eg, all studies measure disability, but they use different scales
for measuring this characteristic). In this regard, it is necessary to
standardize the results of the studies to a uniform scale before
combining them.14 The MD is a standard statistic that measures the
absolute difference between the mean value between 2 groups and it
is commonly used as an effect sizewhen outcomemeasurements in all
studies are made on the same scale.14

Risk of Bias Assessment

Two reviewers (JD, PS) assessed the risk of bias of the included SRs
and MAs using ROBIS (Risk of Bias Assessment Tool for Systematic
Reviews). The disagreements were resolved by third reviewer (LS).
ROBIS includes 4 different domains: domain 1, study eligibility
criteria; domain 2, identification and selection of studies; domain 3,
data collection and study appraisal; domain 4, synthesis and findings.

Data Synthesis and Analysis

For each meta-analysis, we estimated the summary effect size and
its 95% CI by using a random-effects model, with the DerSimonian-
Laird’s method.15 Between-study inconsistency was estimated with
the I2 metric, with values �50% indicative of high heterogeneity.16 All
statistical analyses were conducted in Stata, version 14.0 (StataCorp,
College Station, TX).

Evidence from meta-analyses of RCTs was assessed in terms of the
significance of the summary effect. In case of statistically significant
outcomes, we evaluated the evidence using the GRADE (Grading of
Recommendations, Assessment, Development and Evaluation)
assessment, that takes in account several important domains in the
certainty of the evidence, including study design, risk of bias, incon-
sistency, indirectness, imprecision and other aspects, such as publi-
cation bias.17 The GRADE assessment was made by an investigator (JD)
and checked and corrected, if needed, by another reviewer (NV).
Supplementary Table 2 reports the criteria used, for each domain, for
doing the GRADE, as agreed a priori by 4 investigators (JD, LS, NV, GT).
The certainty of the evidence was then reported as: very low (the true
effect is probably markedly different from the estimated effect), low
(the true effect might be markedly different from the estimated ef-
fect), moderate (the true effect is probably close to the estimated ef-
fect), or high (there is a lot of confidence that the true effect is similar
to the estimated effect).17
Results

Literature Search

As shown in Supplementary Figure 1, 1160 articles were initially
included. Of them,159 full texts were retrieved, with 27 articles finally
included (18 MAs and 9 SRs without MA) (reference list in
Supplementary Table 3). No observational study on physical activity/
exercise in MCI for preventing dementia was included, leaving only
RCTs for this umbrella review.
Descriptive Findings of the Meta-Analyses Included

Table 1 reports the descriptive findings of the SRs included. Overall,
a total of 28,205 participants with MCI/dementia were included, with
14,209 randomized to physical activity/exercise intervention and
13,886 to controls. The physical activity/exercise interventions greatly
varied in terms of type, frequency, duration, and intensity across the
included SRs, which are fully reported in Table 1. Of importance, in
several SRs, poor details regarding the type and the modality of
physical activity/exercise were reported.
Mild Cognitive Impairment

Table 1 and Supplementary Table 4 summarize the main findings
regarding physical activity/exercise on cognitive function in people
affected by MCI. Physical activity/exercise significantly improved
global cognition, since mind-body intervention had a small effect on
global cognition (SMD ¼ 0.36; 95% CI 0.20e0.52; low certainty
according to the GRADE), such as mixed physical activity
interventions (SMD ¼ 0.30; 95% CI 0.11e0.49; moderate certainty)
and resistance training had a large effect on global
cognition (SMD ¼ 0.80; 95% CI 0.29e1.31; very low certainty of
evidence). In peoplewithMCI, physical activity/exercise had beneficial
effects on attention (SMD ¼ 0.39), executive function (SMD ¼ 0.42),
and memory (SMD ¼ 0.26) with a certainty of evidence varying from
low to moderate, as fully reported in Table 2 and Supplementary
Table 4.

Finally, in people with MCI, as shown in Table 3 that reports the
findings of narrative reviews, mixed physical activity/exercise inter-
vention and aerobic exercise improved physical function and cognitive
outcomes, but no effect on disability was observed.



Table 1
Descriptive Findings of the Studies Included

Author of
the Review

Year Type of
Review

Total
Sample Size

Randomized
to Physical
Activity/Exercise

Randomized
to Control
Group

Physical Activity/Exercise Description (Type, Frequency,
Duration, Intensity)
Intervention

Outcome Measures

Adamson 2015 MA 1324 662 662 Physical activity mixed. Mean frequency 3 times per wk; Mean duration
40 min.

Depression

Almeida 2019 MA 1129 637 492 Home-based physical activity. No details regarding mean frequency.
duration. intensity

The Mini-Mental Status Examination, Neuropsychiatric
Inventory, Alzheimer’s Disease Cooperative Study Group
ADL scale, Functional Reach test, Timed Up and Go test in
people with dementia.

Barreto 2015 MA 1627 622 965 Physical activity mixed- Mean frequency 3.38 times per wk; Mean duration
38 min.

Global BPSD; Mortality

Brown 2019 MA 524 226 228 Home-based physical activity. No details regarding mean frequency.
duration. intensity

Disability and Mobility in Alzheimer Disease

Burge 2012 MA 278 126 152 Physical activity mixed- Mean frequency 2.8 times per wk; Mean duration
36.6 min.

Disability in moderate severe dementia

Burton 2015 MA 336 157 179 Physical activity mixed. No details regarding mean frequency. duration.
Intensity.

Falls and mean number of falls in dementia

Cummisuli 2017 MA 768 384 384 Aerobic exercise. Mean frequency 2.55 times per wk;Mean duration 57min. Cognitive function in MCI
Cummisuli 2018 MA 554 277 277 Aerobic exercise. Mean frequency 2.57 times per wk; Mean duration

46.25 min.
Cognitive function in Alzheimer disease

Fleiner 2017 MA 201 130 71 Physical activity mixed- Mean frequency 3 times per wk; Mean duration
56 min.

BPSD in dementia

Gates 2013 MA 1695 860 835 Physical activity mixed. Mean frequency 3 times per wk; Mean duration
40 min.

TMTB; Digital symbol substitution test; Digit span

Groot 2016 MA 802 433 369 Physical activity mixed; Mean duration 146 min. Cognitive function in dementia
Jia 2019 MA 673 342 331 Physical activity mixed; Mean frequency 1.8 times per wk; Mean duration

40 min.
Cognitive function in Alzheimer disease

Leng 2018 MA 2289 1270 1019 Physical activity mixed. No details regarding mean frequency. duration.
intensity

Depressive symptoms, BPSD, anxiety, apathy

Lewis 2017 MA 945 306 639 Home-based physical activity. No details regarding mean frequency.
duration. intensity

Physical performance test, falls and hospital readmissions

Li 2019 MA 2051 1217 834 Physical activity mixed. No details regarding mean frequency. duration.
intensity

Disability (ADL) in dementia

Lim 2019 MA 325 166 159 Tai Chi. Mean frequency 3 times per wk; Mean duration 46 min. Global cognitive function; Specific cognition
Ojagbemi 2019 MA 765 385 380 Physical activity mixed- Mean frequency 1 time per wk; Mean duration

130 min.
Quality of life

Packer 2019 MA 3380 1698 1682 Physical activity mixed- Mean frequency 1.66 times per wk; Mean duration
120 min.

Hospitalization; Length of stay in hospital

Song 2018 MA 929 500 429 Physical activity mixed- Mean frequency 2.45 times per wk; Mean duration
54.5 min.

Global cognition; Immediate recall; Delayed memory;
Fluency; Stroop

Wang 2019 MA 1088 549 539 Resistance training; Mean frequency 2.5 times per wk; Mean duration
63 min.

Cognitive function in MCI

Zheng 2016 MA 1587 773 814 Aerobic exercise. Mean frequency 2.28 times per wk;Mean duration 53min. Immediate recall; Delayed memory in MCI; Attention;
Executive function; Fluency

Zou 2019 MA 940 392 548 Mind-body exercises. Mean frequency 3.8 times per wk; Mean duration
60 min.

Cognitive function; Processing speed; Attention; STM;
Executive function; Visuospatial executive function

Bruderer-
Hofstetter

2018 MA 1770 885 885 Physical activity mixed. No details regarding mean frequency. duration.
intensity

Disability in IADL; physical function tests

Blankevoort 2010 SR 642 385 257 Physical activity mixed. No details regarding mean frequency. duration.
intensity

Strength, balance, mobility and ADL performance

Brett 2016 SR 901 498 403 Physical activity mixed. No details regarding mean frequency. duration.
intensity

Health and wellbeing in dementia in nursing homes

Guitar 2018 SR 259 127 132 Physical activity mixed- Mean frequency 2.5 times per wk; Mean duration
129 min.

Executive function

Learner 2016 SR 423 202 221 Physical activity mixed- Mean frequency 3, 4 times per wk; Mean duration
37.5 min.

Cognitive function in dementia in nursing homes

Total 28,205 14,209 13,886

ADL, Activities of Daily Living; BPSD, Behavioral and Psychological Symptoms in Dementia; IADL, Instrumental activities of daily living; MA, Meta-Analyses; MCI, Mild Cognitive Impairment; SR, Systematic Reviews; STM, Short-
term memory; TMTB, Trail Making Test.
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Table 2
Summary of the Main Findings Regarding Cognitive Function of the Meta-analyses Included in the Umbrella Review

Global Cognition Attention Executive Function Memory Motor Speed Language

MCI Mind-body intervention
Small effect
Low certainty
Mixed physical activity
intervention

Small effect
Moderate certainty
Resistance training intervention
Large effect
Very low certainty

Mind-body intervention
for visuospatial
executive function

Small effect
Low certainty
Mind-body intervention
Small effect
Low certainty

Mind-body intervention
Small effect
Low certainty

Mind-body intervention
Medium effect
Low certainty
Tai Chi intervention
Medium effect
Low certainty
Aerobic exercise
intervention for
delayed memory

Small effect
Moderate certainty

No statistically
significant effect

No statistically
significant effect

Dementia Mixed physical activity
intervention in AD

Large effect
Very low certainty
Mixed physical activity
intervention in all dementias

Medium effect
Low certainty

No statistically
significant effect

No statistically
significant effect

No statistically
significant effect

No statistically
significant effect

No statistically
significant effect

AD, Alzheimer’s disease.

Table 3
Summary of Findings of the Systematic Reviews (Without Meta-analysis) Included

Author, Year Intervention Population Outcome Number
of Studies

Main Findings

Cammisuli, 2017 Aerobic exercise AD Cognitive function 8 There is scarce evidence that aerobic exercise improves cognition in
AD patients. Overall, the included studies reported only positive
effects for patients’ global cognition after intervention, mainly due
to a lack of accurate neuropsychological assessment of each
cognitive domain

Guitar, 2018 PA mixed AD Executive function 4 Significant improvement was seen in all studies.
Almeida, 2019 PA home based Dementia BPSD 7 Small effect on BPSD (ES ¼ �0.37, 95% CI �0.57, �0.017)
Almeida, 2019 PA home based Dementia Carer’s burden 3 Medium reduction on carer’s burden (ES ¼ �0.63, 95% CI �0.94,

�0.32) for NPI Caregivers subscale and low and negative
(ES ¼ �0.45, 95% CI �0.77, �0.13) for ZBI

Almeida, 2019 PA home based Dementia Cognitive function 6 Medium effect on MMSE (ES ¼ 0.71, 95% CI 0.43, 0.99)
Almeida, 2019 PA home based Dementia Disability 4 Important effect on disability (ES ¼ 0.80, 95% CI 0.53, 1.07)
Almeida, 2019 PA home based Dementia Health-related

physical fitness
6 Large effect on physical tests Functional Reach test (ES ¼ 2.24, 95%

CI 1.80, 2.68), TUG test (ES ¼ �2.40, 95% CI �2.84, �1.96)
Almeida, 2019 PA home based Dementia QoL 2 Small effect on QoL
Blankevoort, 2010 PA mixed Dementia Physical performance

test
10 Lower-limb strength improved equally in multicomponent

interventions and progressive resistance training.
Fleiner, 2017 PA mixed Dementia BPSD 3 All 3 RCTs reported significant reductions of BPSD and differences in

comparison to the pre-test and control groups.
Brown, 2019 PA home based Dementia home Disability 7 Significant effect of physical activity on functional ability,

particularly on mobility items
Brown, 2019 PA home based Dementia home Mobility 7 Significant effect of physical activity on functional ability,

particularly on mobility items
Brett, 2016 PA mixed Dementia nursing

home
Cognitive function 7 Among 7 RCTs initially included, physical activity improved

cognitive measures in two
Brett, 2016 PA mixed Dementia nursing

home
Mood and Depression 5 Not clear effect on depression and mood measures

Brett, 2016 PA mixed Dementia nursing
home

Functional ability 5 Significant effect of physical activity on functional ability,
particularly on mobility items

Brett, 2016 PA mixed Dementia nursing
home

Mobility 5 Significant effect of physical activity on functional ability,
particularly on mobility items

Learner, 2016 PA mixed Dementia nursing
home

Cognitive function 5 There is moderate-to-strong evidence that physical activity can
effectively maintain cognitive function in nursing home residents
with Dementia

Burge PA mixed Moderate severe
dementia

Disability 5 In 1 high-quality study over 5, physical activity programs
significantly delayed deterioration of ADL performance.

Bruderer-Hofstetter,
2018

PA mixed MCI Disability 3 In none of the studies, MCT was superior to active comparison or
control interventions on IADL performance.

Bruderer-Hofstetter,
2018

PA mixed MCI Physical performance
test

4 All 3 RCTs reported significant effect of physical activity on balance
and physical tests

Cammisuli, 2017 Aerobic exercise MCI Cognitive function 9 There is evidence that aerobic exercise improves cognition in MCI
patients. Overall research reported moderate effects for global
cognition, logical memory, inhibitory control and divided
attention

AD, Alzheimer’s disease; ADL, Activities of Daily Living; BPSD, Behavioral and Psychological Symptoms in Dementia; IADL, Instrumental Activities of Daily Living; ES, Effect
Size; MCT, Multicomponent interventions; MMSE, Mini-Mental State Examination; NPI, neuropsychiatric inventory; PA, physical activity; QoL, Quality of Life; TUG, Timed Up
and Go; ZBI, Zarit Burden Interview.
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Dementia

As reported in Table 2 and Supplementary Table 4, in people
affected by dementia, mixed physical activity/exercise was effective in
improving global cognition in Alzheimer disease (SMD ¼ 1.10; 95% CI
0.65e1.64; very low certainty) and in all types of dementia
(SMD ¼ 0.48; 95% CI 0.22e0.74; low certainty), whilst no effect of
physical activity/exercise on attention, executive function, memory,
motor speed, and language was observed.

Table 4 summarizes the findings of physical activity/exercise on
noncognitive outcomes in people affected by dementia, since no
outcome included people with MCI. Home-based physical activity
interventions significantly improved disability (SMD ¼ 0.77; 95% CI
0.17e1.37; low certainty of evidence), depressive symptoms (depres-
sive symptoms: SMD ¼ �0.18; 95% CI �0.33 to �0.02; moderate cer-
tainty of evidence) and BPSD (MD ¼ �4.62; 95% CI �9.08 to �0.16;
very low certainty of evidence). Moreover, physical activity/exercise
interventions significantly decreased the risk of falls and the number
of falls (MD ¼ �1.06; 95% CI �1.67 to �0.46), with a certainty of evi-
dence low/moderate (Table 4).

As reported in Table 3, in 2 SRs without meta-analysis involving
participants with Alzheimer’s disease, aerobic exercise improved only
some cognitive outcomes, whilst a mixed physical activity/exercise
intervention improved executive function in 4 RCTs. Three SRs re-
ported that mixed and home-based physical activity improved several
cognitive (global and specific) and noncognitive (such as BPSD, quality
of life, disability, and physical function tests) outcomes in people
affected by dementia. These findings are substantially confirmed in
people living in nursing home and affected by dementia (Table 4).
Risk of Bias Assessment in the SRs Included

Supplementary Figure 2A and B report the evaluation of the risk of
bias, according to the ROBIS. Overall, the risk of bias affected more
than half of the works included. The most important sources of
possible risk of bias were the indication and the selection of the
studies.
Discussion

In this umbrella review, including 27 articles and 28,205 partici-
pants with MCI or dementia, it was found that physical activity/ex-
ercise was able to improve cognitive and noncognitive outcomes in
RCTs, but the strength of the evidence was overall very low-to-
moderate and most SRs included had a high potential risk of bias.

It is estimated that the prevalence for MCI may range from 18.8% to
28.3% in people � 60 years.18 It is widely known that people affected
by MCI are at greater risk of dementia than the general population,
and the annual progression rates often range from 10% to 15%.2,3

Among the risk factors that can increase the risk of transition from
MCI to dementia, the role of sedentary behavior and physical activity
is still poorly explored. For example, in a study including 810 people
affected by MCI, it was found that sedentary behavior had no effect on
the transition from MCI to dementia.19 On the contrary, in our um-
brella review, physical activity/exercise was able to significantly
improve global cognition and specific cognitive tests. However, it
should be noted that the evidence was limited by several biases
encountered in the RCTs included (eg, small sample size) and some
traditionally known limitations in RCTs including older people, such as
a potential inclusion bias, confounding by education/social class/brain
size/prior cognition.20 Taken together, these findings suggest a po-
tential role of physical activity/exercise in the prevention or delay in
onset of dementia. However, reviews including observational studies
exploring the potential role of physical activity/exercise in reducing
the rate of the progression for MCI to dementia were not identified
when carrying out the present umbrella review.

In people with dementia, physical activity/exercise was able to
improve global cognition, but no specific areas of cognition. It may be
hypothesized that the specific areas of cognition are difficult to
explore in people with dementia, in particular in advanced stages.21

Therefore, a floor effect for these tests is expected in more advanced
forms of dementia.

We would like to briefly speculate regarding the possible expla-
nations of our findings, in particular the benefits of physical activity/
exercise on cognitive outcomes. First, it is widely known that physical
activity/exercise significantly improves the management of cardio-
vascular risk factors (eg, diabetes, hypertension, dyslipidemia, and
obesity) that are traditionally associated to poor cognitive perfor-
mance.22 Moreover, it is reported that physical activity/exercise may
increase neurogenesis and synaptic plasticity.11,23 Physical activity,
especially aerobic exercise, is associated with increases in brain-
derived neurotrophic factor (BDNF), a factor that can stimulate
neuronal cell growth and maintain neurons in good status.24 Third,
using neuroimaging techniques, additional evidence for the impact of
physical activity on brain function and structure is reported.25e27 In
this regard, physical activity/exercise might be a good predictor of
long-term changes of brain structure, in particular brain volumes,28

and risk for dementia, in particular for those who average more
physical activity than their peers.29

In addition, physical activity/exercise interventions have an
important role in improving several noncognitive outcomes
including disability, falls, and neuropsychiatric symptoms in par-
ticipants affected by dementia. All these outcomes are of clinical
importance owing to a high level of co-occurrence and multi-
morbidity. For example, in one study, the incidence of falls in de-
mentia was 9118 per 1000 person-years significantly higher than in
controls.30 The present umbrella review indicates that physical ac-
tivity/exercise significantly decreased risk of falls by approximately
31% (equal to an absolute reduction in 204 falls every 1000 people
affected by dementia) and also the number of falls (mean one fall
over a mean of 6 months of follow-up). Therefore, we hypothesize
that the beneficial effect of physical activity/exercise in decreasing
the risk of falls and the number of falls may improve activities of
daily living (ADL) since these 2 outcomes have been shown to be
associated.31 Finally, we found that physical activity/exercise may
improve depression and BPSD, importantly this finding was also
supported by the identified SRs without MA. Specifically, physical
activity/exercise was able to significantly reduce 28% of the inci-
dence of depressive symptoms in 15 different RCTs and, similarly,
physical activity/exercise significantly reduced the severity of BPSD
of 4.62 points on the NPI, which has a score range from 0 to 144.
Briefly, we can speculate that physical activity/exercise may
improve several aspects strictly related to BPSD, including the
production of neurotransmitters, neurotrophins, BDNF, the reduc-
tion of oxidative stress and inflammatory levels, increase cerebral
blood flow, regulate hypothalamic pituitary adrenal axis, and sup-
port of neurogenesis and synaptogenesis.9 However, since this ev-
idence is supported by a very low strength of the evidence, other
studies are needed to make stronger these findings.

This study has limitations that must be taken into consideration
when interpreting the findings. First, because the meta-analyses
included studies with significant differences in design and popula-
tion, clinical heterogeneity may have influenced the findings. For
example, the present umbrella review does not attempt to identify
characteristics of effective interventions and such analyses are beyond
the scope of the present study. Future reviews on this topic that
attempt to identify successful intervention components are now
required. Physical activity/exercise adherence has been assessed using
questionnaires, but there are limitations in such measures and



Table 4
Effect of Physical Exercise on Noncognitive Outcomes in MCI and Dementia

Certainty Assessment No. of Patients Effect Certainty

No. of Studies Risk
of Bias

Inconsistency Indirectness Imprecision Other Considerations Physical
Activity/
Exercise

Standard
Care

Relative
(95% CI)

Absolute (95% CI)

Dementia, physical activity interventions home
based, activities of daily living

3 Not
serious

Serious* Not serious Seriousy None 94 86 - SMD 0.77
(0.17 to 1.37)

LOWDementia, physical activity mixed interventions,
depressive symptoms

15 Not
serious

Not serious Not serious Not serious Publication bias
strongly suspectedz

707 722 - SMD �0.18
(0.33 lower
to 0.02 lower) MODERATE

Dementia, physical activity mixed interventions,
Behavioral and Psychological Symptoms in Dementia

6 Very seriousx Very seriousk Not serious Not serious None 497 564 - MD �4.62
(9.08 lower to
0.16 lower) VERY LOW

Dementia, physical activity interventions home based,
risk of falls in dementia

2 Not
serious

Not serious Not serious Seriousy Publication bias
strongly suspectedz

90 90 RR 0.69
(0.55 to 0.86)

-

LOWDementia, physical activity interventions home based,
number of falls in dementia

3 Not
serious

Not serious Not serious Seriousy None 134 137 - MD -1.06
(1.67 lower to
0.46 lower) MODERATE

Dementia, physical activity mixed interventions,
risk of falls

3 Not
serious

Not serious Not serious Seriousy None 189 182 RR 0.69
(0.55 to 0.85)

204 fewer per 1000
(from 296 fewer
to 99 fewer)

MODERATE

*I2 between 50% and 75%.
ySample size less than 400 participants.
zEgger’s test (P value) <.05.
xOne or more of the 3 criteria (randomization, masking, dropout rate >30%) is not met in >30% of trials included.
kI2 more than 75%.
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objective monitors to record physical activity would provide more
reliable estimates. Therefore, the future agenda should envision the
use of objective monitors to record physical activity in patients with
MCI or dementia, such as accelerometry. Moreover, the MAs included
generically reported “dementia” that, on the contrary, can include
different diagnoses and different severity. In this regard, the effect of
physical activity/exercise in some less prevalent kinds of dementia (eg,
Lewy bodies dementia or frontotemporal dementia) should be ur-
gently explored by future RCTs. Furthermore, the literature on exercise
training and cognition is characterized by poor quality research and
trials, such as single center, small enthusiast led, and poor apprecia-
tion of the potential biases. Some recent trials have reported the
importance of new technologies for improving physical exercise in
people affected by MCI or dementia,32 but larger RCTs are needed to
confirm these findings. Finally, the evaluation of the quality of the
included articles indicated that the risk of bias is relatively high for the
vast majority.
Conclusion

This umbrella review indicated that physical activity/exercise
has a positive effect on several cognitive and noncognitive out-
comes in people with MCI and dementia. However, these findings
are supported by very low-to-moderate certainty of evidence indi-
cating that other RCTs, particularly better structured in terms of
physical activity/exercise programs and with larger sample sizes,
are needed to fully support the use of physical activity/exercise in
patients with MCI or dementia.
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Supplementary Fig. 2. (A, B) ROBIS quality assessment of the included meta-analyses.

Supplementary Table 1
Search Strategy for Medline, Database(s): Ovid MEDLINE(R) and Epub Ahead of
Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) 1946 to
December 31, 2019 Search Date: 2019e12e31

# Searches Results

1 dementia/ 49095
2 alzheimer disease/ 90423
3 exp dementia, vascular/ 6477
4 exp frontotemporal lobar degeneration/ 4048
5 lewy body disease/ 3083
6 Cognitive Dysfunction/ 14399
7 alzheimer*.kf,tw. 141531
8 dementia.kf,tw. 105140
9 mild cognitive impairment.kf,tw. 15851
10 cognitive decline.kf,tw. 20760
11 exp Exercise/ 186267
12 exp Physical Therapy Modalities/ 147834
13 Occupational Therapy/ 12904
14 exercise.kf,tw. 255703
15 exergam*.kf,tw. 604
16 physical* activ*.kf,tw. 111213
17 physiotherapy.kf,tw. 18695
18 physical therapy.kf,tw. 20070
19 occupational therapy.kf,tw. 10749
20 training.kf,tw. 389690
21 "systematic review"/ 117716
22 meta-analysis/ 108185
23 (systematic adj1 review).kf,tw. 144289
24 meta-analys*.kf,tw. 158520
25 or/1e10 243864
26 or/11e20 870308
27 or/21e24 267732
28 25 and 26 9695
29 25 and 26 and 27 1160
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Supplementary Table 2
Criteria Evidence for the GRADE

Downgrade Risk of Bias Inconsistency Indirectness Imprecision Publication Bias

�1 If 1 or more of the 3 criteria
(randomization, masking,
dropout rate �30%) is not met in
10e30% of trials included in the
systematic review

I2 50e74% The question being addressed by
the guideline panel is different
from the available evidence
regarding the PICO or regarding
the characteristics of those who
will deliver the intervention

(a) The overall number of
individuals included in trials is
low (less than 400 individuals,
both treatment arms) OR (b) the
95% confidence interval includes
both 1) no effect and 2)
appreciable benefit (RR:�0.75) or
appreciable harm (RR: �1.25)*

-

�2 If 1 or more of the 3 criteria
(randomization, masking,
dropout rate �30%) is not met in
>30% of trials included in the
systematic review

I2 � 75% The question being addressed by
the guideline panel is markedly
different from the available
evidence regarding the PICO or
regarding the characteristics of
those who will deliver the
intervention

(a) the overall number of
individuals included in trials is
very low (fewer than 400
individuals, both treatment arms)
AND (b) the 95% confidence
interval includes both 1) no effect
and 2) appreciable benefit (RR:
�0.75) or appreciable harm
(RR: �1.25)*

Egger’s test
(P value) <.05

PICO, Population, Intervention, Comparison, and Outcomes.
For dichotomous outcomes, “no effect” means an estimate with a confidence interval that crosses 1; appreciable benefit or appreciable harm means that the upper or lower
confidence limit crosses a risk of 1.25 or 0.75.

*For continuous outcomes, “no effect” means an SMD with a confidence interval that crosses zero; appreciable benefit or appreciable harm means that the upper or lower
confidence limit crosses an effect size of 0.5 in either direction.
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Supplementary Table 4
Effect of Physical Exercise on Cognitive Outcomes in MCI and Dementia

Certainty Assessment No. of Patients Effect Certainty

No. of Studies Study Design Risk of Bias Inconsistency Indirectness Imprecision Other
Considerations

Physical
Activity/
Exercise

Standard
Care

Relative
(95% CI)

Absolute (95% CI)

Global cognition (in AD) (mixed
physical activity
intervention)

13 Randomized
trials

Very serious* Very seriousy Not serious Not serious Publication bias
strongly
suspectedz

342 331 - SMD 1.10
(0.65 to 1.64)

4���
VERY LOW

Global cognition (in dementia)
(mixed physical activity
intervention)

19 Randomized
trials

Not serious Very seriousy Not serious Not serious None 433 405 - SMD 0.48
(0.22 to 0.74)

44��
LOW

Short-term memory (in MCI)
(mind-body intervention)

12 Randomized
trials

Very serious* Not serious Not serious Not serious None 354 389 - SMD 0.74
(0.57 to 0.91)

44��
LOW

Short-term memory (in MCI)
(Tai Chi intervention)

4 Randomized
trials

Very serious* Not serious Not serious seriousx None 114 240 - SMD 0.77 (0.45 to
1.09)

4���
VERY LOW

Global cognition (in MCI)
(mind-body intervention)

9 Randomized
trials

Very serious* Not serious Not serious Not serious None 425 557 - SMD 0.36
(0.2 to 0.52)

44��
LOW

Executive function (in MCI)
(mind-body intervention)

9 Randomized
trials

Very serious* Not serious Not serious Not serious None 424 476 - SMD 0.42
(0.63 lower to 0.21
lower)

44��
LOW

Global cognition (in MCI)
(mixed physical activity
intervention)

8 Randomized
trials

seriousǁ Not serious Not serious Not serious None 342 334 - SMD 0.30
(0.11 to 0.49) MODERATE

Global cognition (in MCI)
(resistance training
intervention)

4 Randomized
trials

Very serious* Serious** Not serious Seriousx None 77 69 - SMD 0.80
(0.29 to 1.31)

4���
VERY LOW

Visuospatial executive function
(in MCI) (mind-body
intervention)

4 Randomized
trials

Very serious* Not serious Not serious Not serious None 163 162 - SMD 0.36
(0.07 to 0.64)

44��
LOW

Delayed memory (in MCI)
(aerobic exercise
intervention)

7 Randomized
trials

Not serious Serious** Not serious Not serious None 638 675 - SMD 0.26 (0.06 to
0.46) MODERATE

(continued on next page)
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Supplementary Table 4 (continued )

Certainty Assessment No. of Patients Effect Certainty

No. of Studies Study Design Risk of Bias Inconsistency Indirectness Imprecision Other
Considerations

Physical
Activity/
Exercise

Standard
Care

Relative
(95% CI)

Absolute (95% CI)

Attention (in MCI) (mind-body
intervention)

5 Randomized
trials

Very serious* Not serious Not serious Not serious None 183 182 - SMD 0.39
(0.07 to 0.72)

44��
LOW

*One or more of the 3 criteria (randomization, masking, dropout rate >30%) is not met in >30% of trials included.
yI2 � 75%.
zEgger’s test (P value) <.0001
xTotal sample size <400 participants.
ǁOne or more of the 3 criteria (randomization, masking, dropout rate <30%) is not met in 10% to 30% of trials included.
**I2 between 50% and 75%.
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