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ABSTRACT

Our goal was to examine whether multicomponent exercise performed by older adults with mild cognitive
impairment or dementia as group-based exercise in community have beneficial effects on cognition and brain-
derived neurotrophic factor. Eight studies were identified through Emabase, Medline, PubMed. Searches
combined terms for neurocognitive and biochemical changes with those for MCl and dementia. Data were
extracted and checked by a second reviewer, systematically reviewed, and meta analyzed where appropriate.
There was significant difference in favor of multicomponent exercise in cognition (WMD:0.18; 95%Cl:0.02-0.34),
attention (SMD=2.16; 95%Cl:1.2t03.12) and executive function (SMD =0.80; 95%Cl: 0.28t01.31), but not in
memory. However, there was limited reporting of the effects of multicomponent exercise on depression and
brain-derived neurotrophic factor for this group of people. In conclusion, this meta-analysis indicated that
group exercises improve cognition, attention and executive function in community-dwelling older adults with
mild cognitive impairment or Alzheimer's disease.

INTRODUCTION delaying the progression of the disease on global
cognitive functions in patients with AD (Alzheimer's

There are 47.5 million people with dementia worldwide, disease) [7]. In China, the prevalence rate of dementia is

and the number is expected to rise to 131.5 million by
2050 [1]. Older adults with mild cognitive impairment
are more likely to experience worsening of functional
agility, cognitive function and social involvement with
aging, the incidence of MCI progression to dementia is
10 times that of the same age group [2-4]. Therefore, it’s

important to ameliorate cognitive decline and impairment.

Individuals who carry out an exercise program compared
with sedentary ones have more advantage in mood
improvement, cognition, brain plasticity,
neurotransmitters’ production [5, 6]. Long-term benefit
of nonpharmacologic therapy has been more and more
apparent, and could be a very valuable choice for

5.4% for people aged over 60 years. More than 80%
suffer from mild dementia among older adults with
dementia and live in the community, while only 11%
have been diagnosed with dementia [8, 9]. Previous
studies demonstrate that reduced social participation has
been relevant to cognitive deficit and higher risk of
dementia, however, group exercises in possible patterns
such as exercise programs closer to home can keep old
people functionally active and independence and enable
them to get more social interaction, make people in this
age bracket more practical to participate in and increase
adherence and acceptance to the programs [10-12].
Encouraging older adults to take part in community
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activities is the countermeasure put forward in many
countries to face aging of population and cutting down
public health costs, which is particularly related to the

local destitute and socially vulnerable population [13-15].

Considering the growing number of published studies
newly and the increasing interests concerning this
issue, the aim of this systematic review with meta-
analysis was to investigate the effects of community-
based multicomponent exercise (ME) on neurocognitive
and neurotrophic biomarkers of community dwellers with
MCI or dementia.

RESULTS
Characteristics of included studies

Initial database searching and reference list scanning
identified 531 studies, with 268 remaining after the
removal of duplicates (Figure 1). Inclusion and
exclusion criteria were applied to the full texts, finally,
seven randomized controlled trials and one prospective
cohort study were included in this meta-analysis (Table
1) [16-23]. There were 636 participants included of this
meta, the mean age of participants ranged from 68 to 81
years. The mean baseline Mini-Mental State
Examination score among participants ranged from 12.4
to 26.7 (only one trail used MoCA score at 21.8). The
intervention duration was around two months in two

trials, six months in four trials and twelve months in
two trials. All 8 trials included multicomponent exercise
as the intervention. The content of the exercise
programs was multicomponent (with a combination of
stretching, strengthening, aerobic, balance, Tai chi and
mental or cognitive exercises. In one trial, participants
performed a biking program with visual reality).
Considering the intensity of aerobic exercise, moderate
to vigorous intensity was used in most of the studies
analyzed. Control of the intensity of intervention
programs were based on maximum heart rate
around75%. The frequency of exercise of included
studies varied from one to four sessions a week.
Exercise sessions were between 0.5 and 4 hours long
and included warm ups and cool downs. The programs
were supervised by physiotherapists with experience in
geriatric rehabilitation or dementia, or by trained carers,
coaches or stuff members. Comparators included:
normal care [16-18], education or interest
classes [19-23], and only one was video game [23].
There was a limited variety of biomarkers assessed
within studies. Considering neurotrophic factors, BDNF
(brain-derived neurotrophic factor) was the outcome of
three of eight selected studies [17, 22, 23]. Drop-out
rates of participants receiving an exercise intervention
were reported in all trials and ranged from 6% to 33%,
with a combined drop-out rate of 12%. Participant
adherence rates ranging between 75% and 99%.

Titles and abstracts retrieved by database searches(n=25)

Additional records identified through other sources(n=6)

+————>| Duplicate papers excluded(n=263)

Papers excluded after screening of
titles and abstracts(n=237)

text(n=31)

Potentially relevant paper received for evaluation of full

Papers excluded after evaluation of full text(n=23)
Participants not living in community(n=4)

Intervention not >2 months(n=2)

Not group-based(n=1)

Participants without cognitive impairment(n=10)

No functional outcome reported(n=4)

Did not compare to usual care or no supervised exercise(n=2)

Studies included in meta-analysis(n=8)

Figure 1. Flow diagram of the trial identification process.
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Table 1. Modified Jadad score.

Study Randomization Allocation concealment Blinding Withdraw Score
Hannareeta 2016 4 2 2 1 1 6
Arsalan 2017 1 2 2 1 1 6
Chih 2017 6 0 2 0 1 3
Takao 2012 18 2 2 1 1 6
Seongryu 2019 *° 2 2 1 1 6
Daniel 2018 2 2 2 1 1 6
Takao 2013 2 2 2 1 1 6
Cay 2018 2 2 1 0 1 4
Table 2. GRADE score.
. Risk of  Indirectnes Inconsistenc - Publication Effect GRADE
Outcome Design . Imprecision . . .
bias S y Bias size quality
Cognition ~ RCT*5 -1 0 0 0 -1 0 ++
Memory RCT*6 0 0 -1 -1 0 0 ++
Attention RCT*4 -1 0 0 0 0 0 +++
Executive  prag 1 0 0 0 0 +1 4+
function
Assessment of risk of bias using MMSE (Mini-Mental State Examination) scores.
Global cognitive function was no significantly improved
The included trials had a mean Jadad score of 5 (Table 2). in the intervention groups (WMD= -0.68; 95%CI: -1.58 to
As these trials were unlikely to meet blinding 0.22), with high heterogeneity existed (P<0.01, 12= 98%)
requirements of therapists and patients, a maximum score [16, 18-22] (Figure 2). However, three studies with
of 7 was expected. The Grades of Recommendation, multicomponent training duration of 12 months [16, 18,
Assessment, Development and Evaluation (GRADE) 19] were included for subgroup analysis (WMD:0.18;
approach was applied to evaluate the quality of the body 95%CI: 0.02 to 0.34; p:0.03), with heterogeneity of 0%
of evidence in each meta-analysis (Table 3). The quality (p= 0.65), this result is in favour of the positive effect of
of each body of evidence was downgraded or upgraded multicomponent intervention on global cognitive function.
from the baseline high quality according to a set of
predefined criteria. The levels of quality were very low, Memory
low, moderate, or high quality. Evidence was downgraded Six studies were pooled with no significant effect in
two places if most trials scored 4, indicating poor favor of ME for improving memory [16, 17, 19-22]
methodological quality. Evidence quality was upgraded (SMD= -0.71; 95% CI: -1.43 to 0.01; 12=93%) (Figure
one place if the effect size was large. For indirectness, as 3). When the trial with the smallest sample size and
indicated by varied participant populations or highest risk of bias [17, 22] was removed in a
interventions; for inconsistency, as indicated by an 12 sensitivity analysis, a stable result was found between
value > 50% that could not be explained in sensitivity group compared with the control group (SMD=-0.01;
analyses, indicating substantial heterogeneity, or for 95% CI:-0.63 to 0.62), with stable heterogeneity of 89%.
imprecision of results, as indicated by a wide 95% CI.
Attention
Outcomes Three studies used Digit Test were pooled with a
significant effect in favor of ME for improving attention in
Global cognitive function 6 months [19, 20, 23] (SMD=1.58; 95%CI: 0.38 to 2.79,
Six trials with 546 patients investigated the effects of 12=88%) (Figure 4). Sensitivity analyses were done to
multicomponent intervention on global cognitive function explore potential sources of heterogeneity by excluding
WWww.aging-us.com 4909 AGING



Table 3. Study characteristics of the included studies.

Study Country  Participants Intervention Outcome measures
N=140 Exp= multicomponent exercise, 4h * 2d / wk * 12mith,
Hannareeta Age=78 Community settin_g; Grou_p; Supervised by MMSE; CVFT; CDR;
2016 [16] Finland Gender=89M, 51F physiotherapists. CDT.
MMSE=18.1 Con=usual care; oral and written advice on nutrition Follow up=0,3,6mon.
Diagnose=AD and exercise methods.
ANg;3(258 Exp= multicomponent exercise, 60min * 3d/wk *  GDS, DST, DSC, SCWT,
Arsalan _ 8weeks (total of 24 sessions), Community setting; BDNF.
Iran Gender=0M, 24F ) . N
2017 [17] MMSE=24 Group; Supervised by stuff members. Follow up=0,6mon.
Diagnose=MCl Con=usual care.
N=147 Exp= multicomponent intervention, 2times/week*12 .
Chih 2017 China Age=81 mth, Community setting; Group; Supervised by Mhﬁiﬁ(’)ﬁﬁ;;oc?;’]gm"
[18] MMSE=12.4 physiotherapists. ' '
Diagnose=AD Con=usual care.
Exp= multicomponent exercise, 90min *2d / wk *
N=50 12mth (total of 80 times), Community setting; Group;
Takao 2012 Age=74 Supervised by physiotherapists and instructors. MMSE; WMS-LM; DSC;
[19] Japan  Gender=27M, 23F Con=Three education classes regarding health VFT; SCWT.
MMSE=26.7 promotion during the 12-month study period, but no Follow up=0,6,12mon.
Diagnose=MCI information regarding exercise, physical activity, or
cognitive health.
Exp= multicomponent exercise, 90min * 2d / wk * 24
N=83 wk(total of 48 times), Community setting; Group;
Seongryu Age=77 Supervised by stuff members. MMSE; CWM; SWM;
2019 [20] Japan  Gender=43M, 40F Con=Two health education classes (90 min * 24 week) TMT, SDST; GDS.
MMSE=26.7 about oral care and nutrition by a professional lecturer Follow up=0,24wk.
Diagnose=MClI while sitting, no specific information regarding
physical, cognitive, and social activities.
N=80 Exp= multicomponent exercise, 80min * 2d / wk(total
Age=80 of 14 sessions), Community setting; Group;
Daniel China Gender=15M, 65F Supervised by experts. MMSE, DRS.
2018 [21] MMSE=20.4 Con=TAU provided by the elderly centers (interest Follow up=0,2mon.
Diagnose=Probabl classes and recreational activities), but excluding
e dementia cognitive training and tai chi.
Exp= multicomponent exercise, 90min * 2d / wk * 6
N=100 month, Community setting; Group; Supervised by
Takao Age=75 physiotherapists and instructors. MMSE; ADAS; WMS-LM,;
2013 [22] Japan  Gender=51M, 49F Con=Two education classes regarding health BDNF.
MMSE=26.55 promotion during the 6-month study period, but no Follow up=0,6mon.
Diagnose=MClI information regarding exercise, physical activity, or
cognitive health.
A';;:l;lg Exp= multicomponent exercise, 45min * 4d / wk * MoCA; TMT; SCWT;
Cay 2018 _ 6mth, Community setting; Group; Supervised by stuff DST; ADAS; BDNF.
[23] Greece  Gender=7M, 7F members. Follow up=0,3,6mon
MoCA=218 Con=game-only. - -
Diagnose=MClI

ADAS: Alzheimer’s Disease Assessment Scale; CDR: Clinical Dementia Rating; CDT: Clock Drawing Test; CWM: Composite
Word Memory; DRS: Dementia Rating Scale; DSC: Digit Symbol Coding; DST: Digit Span Test; GDS: Geriatric Depression Scale-
15; L/CVF: Letter/Categorical Verbal Fluency; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive
Assessment; SCWT: Stroop Color Word test; SDST: Symbol Digit Substitution Test; SWM: Spatial Working Memory; TMT: Trail
Making Test; VFT: Verbal Fluency Test; WMS-LM: Logical Memory Subtest of the Wechsler memory scale-revised.
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big sample size study, but the heterogeneity is relatively
stable (SMD=2.16; 95%CI: 1.2 to 3.12; 12=79%), more
high-grade studies should be considered in future
analysis.

Executive function

Executive Function Pooled analysis of four RCT
indicated that those with ME had better executive
function compared with those without (SMD=1.25;
95%Cl: 0.57 to 1.93; 12=85%) [16, 19, 20, 23].
(Figure 5). When the trial with the big sample size was
removed in a sensitivity analysis [19], compared with
the control group, meta-analysis showed that ME had
significance  for improving executive function
(SMD=0.80; 95%CIl:0.28 to 1.31), with heterogeneity of
48% (p=0.10).

Depression

Two studies reported data on depression outcomes for
multicomponent intervention were included in the meta-
analysis. One study indicated that there was no
significant improvement (p=.438) for multicomponent
intervention in reducing depression within the follow-up
of 6 months completing treatment [18]. In another study,
there are still more chances of both improvement and
deterioration in the symptoms of depression among
intervention group [20].

BDNF

The review of BDNF included 3 studies. One study
showed significant increase in BDNF levels compared
to control group (p<0.05) [17]. The BDNF level in
experimental group was significantly correlated with

Mean Difference

Study or Subgroup IV. Random, 95% CI
Chih 2017 =3
Danie 2018 .

Hannareeta 2016
Seongryu 2019
Takao 2012
Takao 2013

-4

Favours [control]

-2

I T T

0 2 4
Favours [experimental]

Figure 2. The assessment of the effects of multicomponent exercise on global cognitive function by meta-analysis.
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Danie 2018
Hannareeta 2016
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Figure 3. The assessment of the effects of multicomponent exercise on memory by meta-analysis.
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exercise dose based on average number of rides(r=0.50,
p=.04) and related to improvements in ADAS
(Alzheimer’s Disease Assessment Scale) (r=1.07, p=.01,
independent of age, sex, educational level, and
intervention) [22, 23].

DISCUSSION

In order to avoid unnecessary disruptions to routine life
and stress on families and resources, it is considerable
to ameliorate physical and mental quality in old people
with cognitive impairment.

Previous research on community exercise programs
performed in the elderly usually excluded older adults
with cognitive disorders and most duration are less than 6
months. Old community-dwellers can prevent or at least
slow the hypofunction process of the ability to perform
daily living through physical activity [24]. One meta-
analysis showed beneficial effects on functional daily
activities and balance from long-term home or
community-based exercise programs for older people with

cognitive impairment [25]. Lautens [26] reported that
physical activity and behavioral interventions improve
general cognitive function. A meta-analysis suggested that
for patients with AD or MCI, physical exercise and
cognitive training is the optimum intervention of cognitive
and neuropsychiatric ~ symptoms, respectively.
Multicomponent exercise with moderate efficacy is the
most safe intervention relatively. Additionally, the results
suggest that non-pharmacological therapies are better than
pharmacological therapies [27]. Heterogeneity was found
significantly on global cognitive function outcomes and
was significantly reduced when we used a subgroup
analysis and conducted sensitivity analysis by omitting
each trial one by one. This review supports a cost-
effective, non-invasive method to improve cognition as an
replacement to hospitalisation of high risk group.

Memory and attention deficits are among the earliest
clinical manifestations of dementia [28]. In a recent
randomized controlled trial [29], participants walked
together in groups to finish aerobic exercises. The
results would have shown increased memory and

Std. Mean Difference

dy or Subgr m, 95% ClI
Cay 2018 =
Seongryu 2019 .
Takao 2012 —a
’
-4 -2 0 2 4

Favours [control] Favours [experimental]

Figure 4. The assessment of the effects of multicomponent exercise on attention by meta-analysis.
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Figure 5. The assessment of the effects of multicomponent exercise on executive function by meta-analysis. Change in Total
Cornell scores from baseline.
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attention among those elderly adults in the aerobic
exercise group if high attendance rate was taken in to
consideration, only to a limited extent confirming the
effectiveness of group based aerobic exercise in elder
adults with MCI. However, we conclude that there is
no significant improvement of memory in the
multicomponent exercise group. Single or aerobic or
non-aerobic physical exercise or physical exercise
combined with an enriched environment benefits on
attention tests in people with dementia [30, 31]. Also,
combination benefits the brain greater than either
alone, to some extent, it’s possible to suspect
multicomponent intervention are more positive. It
might be that physical exercise stimulation may
increase temporary arousal, or the other intervention
components like group and pleasant activities could
benefit concentration. After sensitivity analysis on
memory outcomes by omitting each trial one by one,
heterogeneity was reduced. The main issues of Han
[16] and Danie [21]s' review are related to the
established eligibility criteria and methodological
evaluation, which maybe the reason of the
questionable conclusion on memory. More high
quality RCTs are needed to draw definite conclusions.

Physical exercise affected more on the functioning of the
prefrontal cortex responsible for executive function than
hippocampus responsible for memory in people with
cognitive impairment [32]. In this study, we were focused
on the impact of community-based multicomponent
intervention on executive function, comparable studies
for community-living people with moderate cognitive
impairment are scarce. In a recent report, elderly adults
with MCI performed aerobic exercise four times per
week during 6 months meaningfully increased executive
function (heart rate reserve was 75% to 85%) [33].
Reviews in older people in hospital with mild dementia
showed that physical activity might have an effect on
executive function instead of in community-dwellings
[30, 34]. This meta-analysis shows that significant
difference were observed in executive function between
the groups, which is consistent with previous findings
[35, 36] that the effect of single physical exercise or
multicomponent interventions on executive function in
older people with or without cognitive impairment.

Cognitive impairment is a risk factor for depression of
older community-dwellers, in this review, there is no
significant  improvement  for multicomponent
intervention in reducing depression, high quality studies
with larger sample sizes are required to test the efficacy
of specific interventions. Conversely, a recent review
established that exercise training reduces depression
levels in people with dementia, however, the effect of
exercise on depression was small and its clinical
relevance is unclear [37]. Additionally, the identified

psycho-social interventions are effective at reducing
symptoms of depression or anxiety in people with
dementia or mild cognitive impairment showed in a
meta-analysis [38].

BDNF levels of active individuals are higher than
those with inactive lifestyle, systemic BDNF increased
by exercise would be expected to have positive effects
on neuroplasticity and neuron survival and
consequently improve cognitive performance [39, 40].
In this present review, one study showed significant
increase of BDNF levels in multicomponent group
compared to control group [17], consistent with one
systematic review, physical exercise is positive on
improving BDNF level, but it included participants
without specific MCI criteria, acute effect of exercise
and non RTC trials making it difficult to compare
results [41]. One meta-analysis indicated that physical
exercise can be a therapeutic choice up-regulating
BDNF for MCI and AD patients, however, in this
article, three studies showed high risk of attrition bias
and two showed high risk of reporting bias [42].

Those conclusions should be interpreted bearing in
mind other evidences that indicates positive effects of
multicomponent exercise on cognition, attention and
executive function for both individuals with MCI or AD.
Even though there is an increasing number of researches
concerning the effects and mechanisms of exercise over
dysfunction in elderly, we have to explore that whether
group-based multicomponent exercise influence these
old patients. Older adults with cognitive impairment
participate in community-based exercise programs
might be a potential direction for future research as well
as to coordinate health care patterns to accommodate
social aging, we need further studies with therapist and
carer availability and longer follow-up after training.

The fact that made comparing outcomes challenging we
should consider is attention and executive function were
not measured in an identical method in the eligible
studies, and most studies measuring mood outcomes
used a single test like a self-reported questionnaire.
Additionally, this review only included trials published
in English due to limited translation resources. Another
limitation is the limited data available about the effect
of group-based multicomponent exercise on BDNF
outcomes and other neurotrophic biomarkers. Last, the
total number of studies involved in the meta-analysis
was too small to make subgroups analysis and only
identify differences between the effects of frequency or
duration of multicomponent exercise on cognition. This
review included evidence from randomized, controlled
trials and was reported in terms of PRISMA guidelines.
This is the only one review to investigate, for
community-dwelling adults with cognitive impairment,

WWW.aging-us.com 4913

AGING



whether  group-based  multicomponent  exercise
influence cognition, memory, attention, executive
function, depression and the level of BDNF.

In summary, our meta-analyses showed positive and
beneficial effects of community-based multicomponent
exercise on cognition, attention and executive function
in community-dwelling older adults with mild cognitive
impairment or Alzheimer's disease, but not on memory.
However, there was limited data of the effect of
multicomponent exercise on depression and biological
markers for this group of people. Further research is
warranted into the effects of community-based exercise
programs for older adults with MClI or AD.

MATERIALS AND METHODS
Search strategy

The current systematic review and meta-analysis was
performed according to the reported guidelines and was
restricted to published studies that investigated the
exercise effects in patients with MCI or dementia. The
Pubmed, Embase and Medline were searched by one
independent reviewer up to October 2019, without
restrictions on nations. The search strategy used,
individually or combined, the following subject words
and their respective English synonyms: Exercise,
Exercise Therapy, Exercise Movement Techniques,
Multicomponent exercises, Aged, Dementia, Mild
cognitive impairment, brain derived neurotrophic factor,
nerve growth factor. Reference lists of the included
trials and in reviews of the literature were used as
additional source. The complete search strategy
including PubMed, Embase and Medline is available
upon request.

Selection criteria and outcomes

Two reviewer performed a database search, study
selection and data extraction. Titles and abstracts of
papers were reviewed according to a standard screening
checklist based on eligibility criteria. Full-text versions
of selected RCT (potentially eligible and uncertain)
were retrieved for complete review to determine
eligibility. The third reviewer got the ultimate decision
when disagreement persisted among reviewers.
Measures of cognition, memory, attention, executive
function and BDNF levels were the primary outcomes
of this review.

Data extraction and statistical analysis
Two reviewers extracted all data recorded as authors,

publication year, number of cases, mean age of
participants, study  setting and  outcomes.

Disagreements  between them were settled in
consensus-based manner. Review Manager software
was used to conduct post-intervention data in meta-
analyses. A random-effects model was used for all
meta analyses. For continuous data, mean differences
or standardized mean difference were calculated with
95% Cls. When outcomes were assessed at multiple
follow-up time points, data from the last exercise time
point were chosen to be included in meta-analyses.
Data homogeneity was assessed using the |2 statistic,
where a value of > 50% indicated substantial
heterogeneity. If substantial heterogeneity existed,
included studies were significantly different to each
other in terms of clinical factors, such as participant
characteristics or intervention.

Abbreviations

AD: Alzheimer’s Disease; ADAS: Alzheimer’s
Disease Assessment Scale; CDR: Clinical Dementia
Rating; CDT: Clock Drawing Test; CWM: Composite
Word Memory; DRS: Dementia Rating Scale; DSC:
Digit Symbol Coding; DST: Digit Span Test; GDS:
Geriatric Depression Scale-15; L/CVF:
Letter/Categorical Verbal Fluency; MCI:  Mild
Cognitive Impairment; MMSE: Mini-Mental State
Examination; MoCA: Montreal Cognitive Assessment;
SCWT: Stroop Color Word test; SDST: Symbol Digit
Substitution Test; SWM: Spatial Working Memory;
TMT: Trail Making Test; VFT: Verbal Fluency Test;
WMS-LM: Logical Memory Subtest of the Wechsler
memory scale-revised.

AUTHOR CONTRIBUTIONS

Xinyi-Wang collected article and study design and
wrote the initial manuscript and performed analysis.
Haiyun-Wang study design and revised the
manuscript. Zhenghui-Ye collected article and
performed analysis. Guofei-Ding collected article and
data analysis. Fengli-Li collected article. Ji-Ma review
article and data analysis. Wei-Hua collected article
and study design. All authors read and approved the
final manuscript.

CONFLICTS OF INTEREST

The authors declare that they have no competing
interests.

FUNDING

This work was supported by grants from the National
Natural Science Foundation of China (81571054), and
Tianjin Major Support Program of Science and
Technology (18YFZCSY00530).

WWW.aging-us.com 4914

AGING



REFERENCES

Prince M, Wimo A, Guerchet M, Ali G, Wu Y, Prina M.
World Alzheimer Report 2015. The global impact of
dementia: an analysis of prevalence, incidence, cost
and trends. London, UK: Alzheimer’s Disease
International; 2015.

Kikkert LH, Vuillerme N, van Campen JP, Hortobagyi T,
Lamoth CJ. Walking ability to predict future cognitive
decline in old adults: A scoping review. Ageing Res Rev.
2016; 27:1-14.
https://doi.org/10.1016/j.arr.2016.02.001
PMID:26861693

Levasseur M, Généreux M, Bruneau JF, Vanasse A,
Chabot E, Beaulac C, Bédard MM. Importance of
proximity to resources, social support, transportation
and neighborhood security for mobility and social
participation in older adults: results from a scoping
study. BMC Public Health. 2015; 15:503.
https://doi.org/10.1186/s12889-015-1824-0
PMID:26002342

Kaliman P, Parrizas M, Lalanza JF, Camins A,
Escorihuela RM, Pallas M. Neurophysiological and
epigenetic effects of physical exercise on the aging
process. Ageing Res Rev. 2011; 10:475-86.
https://doi.org/10.1016/j.arr.2011.05.002
PMID:21624506

Alzheimer’s Association. 2014 Alzheimer’s disease facts
and figures. Alzheimers Dement. 2014; 10:e47-92.
https://doi.org/10.1016/j.jalz.2014.02.001
PMID:24818261

Deslandes A, Moraes H, Ferreira C, Veiga H, Silveira H,
Mouta R, Pompeu FA, Coutinho ES, Laks J. Exercise and
mental  health: many reasons to  move.
Neuropsychobiology. 2009; 59:191-98.
https://doi.org/10.1159/000223730

PMID:19521110

Wei S, Mai Y, Peng W, Ma J, Sun C, Li G, Liu Z. The
effect of nonpharmacologic therapy on global cognitive
functions in patients with Alzheimer's disease: an
updated meta-analysis of randomized controlled trials.
Int J Neurosci. 2020; 130:28-44.
https://doi.org/10.1080/00207454.2019.1638377
PMID:31251099

Wu YT, Ali GC, Guerchet M, Prina AM, Chan KY, Prince
M, Brayne C. Prevalence of dementia in mainland
China, Hong Kong and Taiwan: an updated systematic
review and meta-analysis. Int J Epidemiol. 2018;
47:709-109.

https://doi.org/10.1093/ije/dyy007

PMID:29444280

Lam LC, Tam CW, Lui VW, Chan WC, Chan SS, Wong S,
Wong A, Tham MK, Ho KS, Chan WM, Chiu HF.

10.

11.

12.

13.

14.

15.

16.

Prevalence of very mild and mild dementia in
community-dwelling older Chinese people in Hong
Kong. Int Psychogeriatr. 2008; 20:135-48.
https://doi.org/10.1017/51041610207006199
PMID:17892609

Brodaty H, Green A, Koschera A. Meta-analysis of
psychosocial interventions for caregivers of people
with dementia. J Am Geriatr Soc. 2003; 51:657—64.
https://doi.org/10.1034/j.1600-0579.2003.00210.x
PMID:12752841

Van’t Leven N, Prick AE, Groenewoud JG, Roelofs PD,
de Lange J, Pot AM. Dyadic interventions for
community-dwelling people with dementia and their
family  caregivers: a systematic review. Int
Psychogeriatr. 2013; 25:1581-603.
https://doi.org/10.1017/51041610213000860
PMID:23883489

lliffe S, Kendrick D, Morris R, Masud T, Gage H, Skelton
D, Dinan S, Bowling A, Griffin M, Haworth D, Swanwick
G, Carpenter H, Kumar A, et al. Multicentre cluster
randomised trial comparing a community group exercise
programme and home-based exercise with usual care
for people aged 65 years and over in primary care.
Health Technol Assess. 2014; 18:vii—xxvii, 1-105.
https://doi.org/10.3310/hta18490

PMID:25098959

Fortier MS, Hogg W, O’Sullivan TL, Blanchard C, Sigal
RJ, Reid RD, Boulay P, Doucet E, Bisson E, Beaulac J,
Culver D. Impact of integrating a physical activity
counsellor into the primary health care team: physical
activity and health outcomes of the Physical Activity
Counselling randomized controlled trial. Appl Physiol
Nutr Metab. 2011; 36:503-14.
https://doi.org/10.1139/h11-040 PMID:21848444

Camozzato AL. P2-479: Implementation of the Brazilian
guidelines for the use of cholinesterase inhibitors in
Alzheimer's disease in Southern Brazil. Alzheimers
Dement. 2008; 4:T514-T515.
https://doi.org/10.1016/].jalz.2008.05.1557

de Vugt ME, Stevens F, Aalten P, Lousberg R, Jaspers N,
Winkens 1, Jolles J, Verhey FR. Do caregiver
management strategies influence patient behaviour in
dementia? Int J Geriatr Psychiatry. 2004; 19:85-92.
https://doi.org/10.1002/gps.1044

PMID:14716704

Ohman H, Savikko N, Strandberg TE, Kautiainen H,
Raivio MM, Laakkonen ML, Tilvis R, Pitkala KH. Effects
of Exercise on Cognition: The Finnish Alzheimer
Disease Exercise Trial: A Randomized, Controlled Trial.
J Am Geriatr Soc. 2016, 64:731-38.
https://doi.org/10.1111/jgs.14059

PMID:27037872

WWW.aging-us.com

4915

AGING


https://doi.org/10.1016/j.arr.2016.02.001
https://www.ncbi.nlm.nih.gov/pubmed/26861693
https://doi.org/10.1186/s12889-015-1824-0
https://www.ncbi.nlm.nih.gov/pubmed/26002342
https://doi.org/10.1016/j.arr.2011.05.002
https://www.ncbi.nlm.nih.gov/pubmed/21624506
https://doi.org/10.1016/j.jalz.2014.02.001
https://www.ncbi.nlm.nih.gov/pubmed/24818261
https://doi.org/10.1159/000223730
https://www.ncbi.nlm.nih.gov/pubmed/19521110
https://doi.org/10.1080/00207454.2019.1638377
https://www.ncbi.nlm.nih.gov/pubmed/31251099
https://doi.org/10.1093/ije/dyy007
https://www.ncbi.nlm.nih.gov/pubmed/29444280
https://doi.org/10.1017/S1041610207006199
https://www.ncbi.nlm.nih.gov/pubmed/17892609
https://doi.org/10.1034/j.1600-0579.2003.00210.x
https://www.ncbi.nlm.nih.gov/pubmed/12752841
https://doi.org/10.1017/S1041610213000860
https://www.ncbi.nlm.nih.gov/pubmed/23883489
https://doi.org/10.3310/hta18490
https://www.ncbi.nlm.nih.gov/pubmed/25098959
https://doi.org/10.1139/h11-040
https://www.ncbi.nlm.nih.gov/pubmed/21848444
https://doi.org/10.1016/j.jalz.2008.05.1557
https://doi.org/10.1002/gps.1044
https://www.ncbi.nlm.nih.gov/pubmed/14716704
https://doi.org/10.1111/jgs.14059
https://www.ncbi.nlm.nih.gov/pubmed/27037872

17.

18.

19.

20.

21.

22.

23.

Damirchi A, Hosseini F, Babaei P. Mental Training
Enhances Cognitive Function and BDNF More Than
Either Physical or Combined Training in Elderly Women
With MCI: A Small-Scale Study. Am J Alzheimers Dis
Other Demen. 2018; 33:20-29.
https://doi.org/10.1177/1533317517727068
PMID:28946752

Liang CK, Chou MY, Chen LY, Wang KY, Lin SY, Chen LK,
Lin YT, Liu TY, Loh CH. Delaying cognitive and physical
decline through multidomain interventions for
residents with mild-to-moderate dementia in dementia
care units in Taiwan: A prospective cohort study.
Geriatr Gerontol Int. 2017; 17:36—-43.
https://doi.org/10.1111/ggi.13035

PMID:28436184

Suzuki T, Shimada H, Makizako H, Doi T, Yoshida D,
Tsutsumimoto K, Anan Y, Uemura K, Lee S, Park H.
Effects of multicomponent exercise on cognitive
function in older adults with amnestic mild cognitive
impairment: a randomized controlled trial. BMC
Neurol. 2012; 12:128.
https://doi.org/10.1186/1471-2377-12-128
PMID:23113898

Bae S, Lee S, Lee S, Jung S, Makino K, Harada K, Harada
K, Shinkai Y, Chiba I, Shimada H. The effect of a
multicomponent intervention to promote community
activity on cognitive function in older adults with mild
cognitive impairment: A randomized controlled trial.
Complement Ther Med. 2019; 42:164-69.
https://doi.org/10.1016/j.ctim.2018.11.011
PMID:30670238

Young DK. Multicomponent intervention combining a
cognitive stimulation group and tai chi to reduce
cognitive decline among community-dwelling older
adults with probable dementia: A multi-center,
randomized controlled trial. Dementia (London). 2018.
[Epub ahead of print].
https://doi.org/10.1177/1471301218814637
PMID:30486656

Suzuki T, Shimada H, Makizako H, Doi T, Yoshida D, Ito
K, Shimokata H, Washimi Y, Endo H, Kato T. A
randomized controlled trial of multicomponent
exercise in older adults with mild cognitive
impairment. PLoS One. 2013; 8:e61483.
https://doi.org/10.1371/journal.pone.0061483
PMID:23585901

Anderson-Hanley C, Barcelos NM, Zimmerman EA,
Gillen RW, Dunnam M, Cohen BD, Yerokhin V, Miller KE,
Hayes DJ, Arciero PJ, Maloney M, Kramer AF. The
Aerobic and Cognitive Exercise Study (ACES) for
Community-Dwelling Older Adults With or At-Risk for
Mild Cognitive Impairment (MCl): Neuropsychological,
Neurobiological and Neuroimaging Outcomes of a

24,

25.

26.

27.

28.

29.

30.

31

Randomized Clinical Trial. Front Aging Neurosci. 2018;
10:76.

https://doi.org/10.3389/fnagi.2018.00076
PMID:29780318

Tak E, Kuiper R, Chorus A, Hopman-Rock M. Prevention
of onset and progression of basic ADL disability by
physical activity in community dwelling older adults: a
meta-analysis. Ageing Res Rev. 2013; 12:329-38.
https://doi.org/10.1016/j.arr.2012.10.001
PMID:23063488

Lewis M, Peiris CL, Shields N. Long-term home and
community-based exercise programs improve function
in community-dwelling older people with cognitive
impairment: a systematic review. J Physiother. 2017;
63:23-29. https://doi.org/10.1016/j.jphys.2016.11.005
PMID:27993488

Lautenschlager NT, Cox KL, Flicker L, Foster JK, van
Bockxmeer FM, Xiao J, Greenop KR, Almeida OP. Effect
of physical activity on cognitive function in older adults
at risk for Alzheimer disease: a randomized trial. JAMA.
2008; 300:1027-37.
https://doi.org/10.1001/jama.300.9.1027
PMID:18768414

Liang JH, Xu Y, Lin L, Jia RX, Zhang HB, Hang L.
Comparison of multiple interventions for older adults
with Alzheimer disease or mild cognitive impairment: A
PRISMA-compliant network meta-analysis. Medicine
(Baltimore). 2018; 97:€10744.
https://doi.org/10.1097/MD.0000000000010744
PMID:29768349

Mol BA, de Jonghe JF, Lindeboom J. [Is ‘attention’
important for the results of dementia screening?
Relation among Digit Span Test, CST amd ADS in
elderly patients]. Tijdschr Gerontol Geriatr. 2000;
31:10-14. PMID:10726292

van Uffelen JG, Chinapaw MJ, van Mechelen W,
Hopman-Rock M. Walking or vitamin B for cognition in
older adults with mild cognitive impairment? A
randomised controlled trial. Br J Sports Med. 2008;
42:344-51.
https://doi.org/10.1136/bjsm.2007.044735
PMID:18308888

Hess NC, Dieberg G, McFarlane JR, Smart NA. The effect
of exercise intervention on cognitive performance in
persons at risk of, or with, dementia: a systematic
review and meta-analysis. Healthy Aging Res. 2014.
https://doi.org/10.12715/har.2014.3.3

Prick AE, de Lange J, Scherder E, Twisk J, Pot AM. The
Effects of a Multicomponent Dyadic Intervention With
Physical Exercise on the Cognitive Functioning of
People With Dementia: A Randomized Controlled Trial.
J Aging Phys Act. 2017; 25:539-52.

WWW.aging-us.com

4916

AGING


https://doi.org/10.1177/1533317517727068
https://www.ncbi.nlm.nih.gov/pubmed/28946752
https://doi.org/10.1111/ggi.13035
https://www.ncbi.nlm.nih.gov/pubmed/28436184
https://doi.org/10.1186/1471-2377-12-128
https://www.ncbi.nlm.nih.gov/pubmed/23113898
https://doi.org/10.1016/j.ctim.2018.11.011
https://www.ncbi.nlm.nih.gov/pubmed/30670238
https://doi.org/10.1177/1471301218814637
https://www.ncbi.nlm.nih.gov/pubmed/30486656
https://doi.org/10.1371/journal.pone.0061483
https://www.ncbi.nlm.nih.gov/pubmed/23585901
https://doi.org/10.3389/fnagi.2018.00076
https://www.ncbi.nlm.nih.gov/pubmed/29780318
https://doi.org/10.1016/j.arr.2012.10.001
https://www.ncbi.nlm.nih.gov/pubmed/23063488
https://doi.org/10.1016/j.jphys.2016.11.005
https://www.ncbi.nlm.nih.gov/pubmed/27993488
https://doi.org/10.1001/jama.300.9.1027
https://www.ncbi.nlm.nih.gov/pubmed/18768414
https://doi.org/10.1097/MD.0000000000010744
https://www.ncbi.nlm.nih.gov/pubmed/29768349
https://www.ncbi.nlm.nih.gov/pubmed/10726292
https://doi.org/10.1136/bjsm.2007.044735
https://www.ncbi.nlm.nih.gov/pubmed/18308888
https://doi.org/10.12715/har.2014.3.3

32.

33.

34.

35.

36.

37.

https://doi.org/10.1123/japa.2016-0038
PMID:28120631

Rosano C, Aizenstein HJ, Newman AB, Venkatraman V,
Harris T, Ding J, Satterfield S, Yaffe K; Health ABC Study.
Neuroimaging differences between older adults with
maintained versus declining cognition over a 10-year
period. Neuroimage. 2012; 62:307-13.
https://doi.org/10.1016/j.neuroimage.2012.04.033
PMID:22542701

Baker LD, Frank LL, Foster-Schubert K, Green PS,
Wilkinson CW, McTiernan A, Plymate SR, Fishel MA,
Watson GS, Cholerton BA, Duncan GE, Mehta PD, Craft
S. Effects of aerobic exercise on mild cognitive
impairment: a controlled trial. Arch Neurol. 2010;
67:71-79.
https://doi.org/10.1001/archneurol.2009.307
PMID:20065132

Ohman H, Savikko N, Strandberg TE, Pitkild KH. Effect
of physical exercise on cognitive performance in older
adults with mild cognitive impairment or dementia: a
systematic review. Dement Geriatr Cogn Disord. 2014;
38:347-65.

https://doi.org/10.1159/000365388

PMID:25171577

van Uffelen JG, Chin A Paw MJ, Hopman-Rock M,
van Mechelen W. The effects of exercise on
cognition in older adults with and without cognitive
decline: a systematic review. Clin J Sport Med. 2008;
18:486-500.
https://doi.org/10.1097/JSM.0b013e3181845f0b
PMID:19001882

Smith PJ, Blumenthal JA, Hoffman BM, Cooper H,
Strauman TA, Welsh-Bohmer K, Browndyke JN,
Sherwood A. Aerobic exercise and neurocognitive
performance: a meta-analytic review of randomized
controlled trials. Psychosom Med. 2010; 72:239-52.
https://doi.org/10.1097/PSY.0b013e3181d14633
PMID:20223924

Barreto PS, Demougeot L, Pillard F, Lapeyre-Mestre M,
Rolland Y. Exercise training for managing behavioral

38.

39.

40.

41.

42.

and psychological symptoms in people with dementia:
A systematic review and meta-analysis. Ageing Res
Rev. 2015; 24:274-85.
https://doi.org/10.1016/j.arr.2015.09.001
PMID:26369357

Noone D, Stott J, Aguirre E, Llanfear K, Spector A.
Meta-analysis of psychosocial interventions for people
with dementia and anxiety or depression. Aging Ment
Health. 2019; 23:1282-91.
https://doi.org/10.1080/13607863.2018.1495177
PMID:30328711

Goekint M, De Pauw K, Roelands B, Njemini R,
Bautmans I, Mets T, Meeusen R. Strength training does
not influence serum brain-derived neurotrophic factor.
Eur J Appl Physiol. 2010; 110:285-93.
https://doi.org/10.1007/s00421-010-1461-3
PMID:20467874

Zembron-Lacny A, Dziubek W, Rynkiewicz M, Morawin
B, Wozniewski M. Peripheral brain-derived
neurotrophic factor is related to cardiovascular risk
factors in active and inactive elderly men. Braz J Med
Biol Res. 2016; 49: e5253.
https://doi.org/10.1590/1414-431x20165253
PMID:27332774

Jensen CS, Hasselbalch SG, Waldemar G, Simonsen AH.
Biochemical Markers of Physical Exercise on Mild
Cognitive Impairment and Dementia: Systematic
Review and Perspectives. Front Neurol. 2015; 6:187.
https://doi.org/10.3389/fneur.2015.00187
PMID:26379621

Stigger FS, Zago Marcolino MA, Portela KM, Plentz RD.
Effects of Exercise on Inflammatory, Oxidative, and
Neurotrophic Biomarkers on Cognitively Impaired
Individuals Diagnosed With Dementia or Mild Cognitive
Impairment: A Systematic Review and Meta-Analysis. J
Gerontol A Biol Sci Med Sci. 2019; 74:616-24.
https://doi.org/10.1093/gerona/gly173
PMID:30084942

WWW.aging-us.com

4917

AGING


https://doi.org/10.1123/japa.2016-0038
https://www.ncbi.nlm.nih.gov/pubmed/28120631
https://doi.org/10.1016/j.neuroimage.2012.04.033
https://www.ncbi.nlm.nih.gov/pubmed/22542701
https://doi.org/10.1001/archneurol.2009.307
https://www.ncbi.nlm.nih.gov/pubmed/20065132
https://doi.org/10.1159/000365388
https://www.ncbi.nlm.nih.gov/pubmed/25171577
https://doi.org/10.1097/JSM.0b013e3181845f0b
https://www.ncbi.nlm.nih.gov/pubmed/19001882
https://doi.org/10.1097/PSY.0b013e3181d14633
https://www.ncbi.nlm.nih.gov/pubmed/20223924
https://doi.org/10.1016/j.arr.2015.09.001
https://www.ncbi.nlm.nih.gov/pubmed/26369357
https://doi.org/10.1080/13607863.2018.1495177
https://www.ncbi.nlm.nih.gov/pubmed/30328711
https://doi.org/10.1007/s00421-010-1461-3
https://www.ncbi.nlm.nih.gov/pubmed/20467874
https://doi.org/10.1590/1414-431x20165253
https://www.ncbi.nlm.nih.gov/pubmed/27332774
https://doi.org/10.3389/fneur.2015.00187
https://www.ncbi.nlm.nih.gov/pubmed/26379621
https://doi.org/10.1093/gerona/gly173
https://www.ncbi.nlm.nih.gov/pubmed/30084942

