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Background/objective: Alzheimer’s disease (AD) is mainly characterized by decline of
cognitive functions such as memory and learning, which has a high prevalence and poor drug
efficacy in treatment regimes. A systematic review and meta-analysis of randomized controlled
trials (RCTs) were conducted to evaluate the effectiveness of exercise on cognitive function in
patients diagnosed with AD.

Methods: The bibliographic databases (PubMed, Cochrane Library and Embase, and Web of
Science) and four Chinese databases (Wanfang data, CBM, CNKI, and VIP) were searched to
identify RCTs published in any language between January 1, 1960, and January 1, 2018. Only
peer-reviewed articles and RCTs were included. The collected data were analyzed by Review
Manager (5.3).

Results: Overall, 869 patients diagnosed with AD were included from 13 RCTs. Patients in the
intervention group received pure exercise interventions and a cognitive test. Although there was
heterogeneity in intervention methods and cognitive measures among studies, meta-analysis
(seven studies) supports positive effects of physical activity on cognitive function of patients
with AD (mean difference [MD] =2.53, the 95% CI=0.84 to 4.22, test for overall effect: Z=2.93
[P=0.003]). Eight studies demonstrated that exercise improves cognitive function for individuals
with AD. However, the remaining five studies did not display a beneficial effect of exercise on
cognitive function in patients with AD.

Conclusion: This meta-analysis and systematic review indicated that exercise intervention
might improve the cognitive function of AD or slow down the decline of cognition; however,
this relationship was not always true across studies. RCTs with clear intervention criteria, large
samples, and long-term follow-up are needed in the future to demonstrate the benefits of exercise
for cognitive function in AD patients.

Keywords: Alzheimer’s disease, exercise, cognitive function, randomized controlled trial

Introduction

Alzheimer’s disease (AD) is an insidious and progressive neurodegenerative disease
characterized by cognitive dysfunction. It has a high prevalence,' and there exists
no effective treatment, resulting in a burden to family and society. AD is the most
common form of dementia, accounting for 60%—70% of patients with dementia.’
Dementia is a chronic and progressive neurological disease, which is clinically char-
acterized by the slow onset of memory deficits, accompanied by varying degrees of
personality changes. It is a group of clinical syndromes rather than an independent
disease. Currently, there are ~47 million people with dementia worldwide,’ and the
number is expected to triple by 2050.* Dementia significantly erodes the function and
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quality of life, impedes economic and social development,
and brings burdens and pressures to families. Cost associ-
ated with dementia exceed that of heart disease and cancer
and is usually paid directly by the family.’ Other types of
dementia include frontal-temporal dementia, dementia with
Lewy bodies, Parkinson’s disease, Huntington’s disease,
and vascular dementia. Treatment of dementia should be
directed toward the root cause of the disease. However,
there currently exists no specific drug for the treatment of
neurodegenerative diseases. Treatment is primarily aimed
at improving cognition and relieving symptoms. Traditional
treatments are mainly pharmacotherapy; however, phar-
macotherapies only relieve symptoms and might have side
effects.® Exercise can be used as an adjuvant therapy before
effective new drugs are developed and has thus emerged as a
treatment option. An update of the 2001 American Academy
of Neurology of guidelines on mild cognitive impairment
(MCI) demonstrated that exercise training (6 months)
might improve cognitive function in MCI patients.” Several
studies have demonstrated that physical exercise can slow
down the progression of cognitive declines. Studies have
demonstrated that exercise reduces the risk of dementia in
older adults who are cognitively normal.®’ Kemoun et al'®
conducted a 15-week physical activity program and dem-
onstrated that subjects in the intervention group (IG) had
improved overall Rapid Evaluation of Cognitive Function
(ERFC) scores (P<<0.01), while the control group (CG)
ERFC scores declined. Yang et al'' conducted a 3-month
randomized controlled trial (RCT) with 50 patients with
AD, and they demonstrated that moderate intensity aerobic
exercise can improve cognitive function in patients with
AD. Yagiiez et al'? carried out a study which indicated that
a short course of nonaerobic movement-based exercise is
effective at improving some aspects of cognitive function
in patients with AD. In addition, many systematic reviews
and meta-analyses show a positive effect of physical activity
as an intervention therapy. A systematic review by Farina
et al’® demonstrated that exercise generally had a positive
effect on the rate of cognitive decline in AD. Similarly, a
meta-analysis by Heyn et al'* involving 2,020 participants
demonstrated that exercise training increased cognitive
function in people with dementia and related cognitive
impairments. Scherder et al'® carried out a systematic review
and meta-analysis, which indicated a positive finding that
participants leading a sedentary life might prevent or delay
declines in executive function when following a walk-
ing program. However, these conclusions are not always
observed, most studies vary in terms of research design,

nonstandardized interventions, and research type. Although
studies that emphasize the importance of exercise exist, the
effects of exercise on cognitive functions in Alzheimer’s
patients are mixed as some studies have observed no
positive effect of physical activity on cognitive function
in people with AD. An updated review in 2013 found no
evidence of cognitive benefits in patients with AD.' A
systematic review of Littbrand et al'” demonstrated that
whether physical exercise can improve cognitive functions
among people with dementia remains unclear. Ohman et al'®
conducted a systematic review of RCTs on the cognition of
older patients with dementia and found that most studies
demonstrated that exercise has no effect on the cognitive
function.

Stronger evidence is needed to confirm the role of exer-
cise in cognitive function in patients with AD. The purpose
of this meta-analysis and systematic review was to review
research that demonstrates the efficacy of exercise on cog-
nitive function of AD. Furthermore, in order to reduce the
heterogeneity among studies resulting from inherent study
differences, we included only RCTs for analysis, to gain a
greater understanding of this relationship and to provide a
more informed suggestion by analyzing the evidence.

Materials and methods

Study selection strategy

The bibliographic databases (PubMed, Cochrane Library and
Embase, and Web of Science) and four Chinese databases
(Wanfang data, CBM, CNKI, and VIP) were searched to
identify RCTs published in any language between January 1,
1960, and January 1, 2018. At first, Medical Subject Headings
(MeSH) of exercise were identified for AD and cognition by
searching the Chinese Medical Subject Headings (CMeSH)
on SinoMed. This was followed by using “MeSH” to iden-
tify individual entry terms that were used as keywords in
subsequent searches. Finally, we retrieved articles using the
search builder of MeSH terms and various combinations of

EEINT3

the entry terms “exercise(s)”,

LEINT3

physical activity”, “isometric

EEINE3

exercise”,

LRI

resistance training”,

LERNNT3

aerobic exercise”, “run-

EEINT34 99 <

ning”, “jogging”,
“Muscle Stretching Exercises”, “yoga”, “tai chi”, with AD

99 <

swimming”,

5% <

walking”, “stair climbing”,
terms “Alzheimer(’s) disease” or “dementia, Alzheimer type”
or “Alzheimer syndrome” or “AD”, as well as the cogni-
tion terms “cognition(s)” or “cognitive function(s)”. (see
Table S1 for search strategies in detail) Only peer-reviewed
articles and RCTs were included, and animal studies were
excluded. More relevant studies were retrieved from the
meta-analysis and the list of references of related studies.
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We used citation search to check the results of the search by
searching relevant systematic reviews.

Study design

Based on the following criteria, we selected eligible studies
for our meta-analysis from the initial search: 1) participants:
trials enrolled patients with clinically diagnosed AD. There
is no limit to the severity of AD. We excluded studies that
included patients who might have a disease that affects cog-
nitive function (such as stroke, cancer, Parkinson’s disease,
and traumatic brain injury). Participants with Lewy body
dementia, frontotemporal dementia, vascular dementia, or
other rare forms of dementia were also excluded; 2) interven-
tions: the research must have physical exercise intervention,
such as aerobic fitness, strength training, balance and flex-
ibility training, cycling training, walking, and stamina. Trials
of multimodal interventions such as exercise accompanied
by music therapy or cognitive therapy were excluded. There
was no restriction on the type, intensity, and frequency of
physical activity; 3) outcome measures: the trial must have a
measured cognitive outcome for patients with AD, including
the use of scales or other cognitive measurement tools; and
4) the study must be an RCT.

Data extraction and quality assessment
Two investigators independently reviewed the title and
abstract of search results and screened the full text of refer-
ences that might be eligible. When differences occurred in
eligibility of inclusion, exclusion, or data extraction, a third
reviewer participated in the discussion. Physical activity
interventions of all sample sizes were included. Author,
publication year, country, age, sample size, intervention
characteristics, duration, measurement instrument, results,
and dropouts were included for all eligible studies. Two
researchers assessed the risk of bias independently using the
Cochrane handbook (5.1.0)."

Quantitative data synthesis

Review Manager (5.3) was used to estimate the overall
effect of physical therapy in each study. The intervention
effect was described as meantSD with 95% CI of cognitive
scores of postintervention between the IG and CG, respec-
tively. According to the Cochrane Collaboration handbook
for systematic reviews of interventions, selection of fixed
or random effects meta-analysis should be based on the
potential real effect of intervention on outcome measures."
Considering the heterogeneity of intervention type, result
measurement, and sample characteristics, we chose to use

a random effects model as a matter of priority.? Statistical
heterogeneity was revealed by 7 statistics. When /% is >50%,
the result is considered heterogeneous.?! In addition, it is said
that because the random effects model does not provide a
quantitative measure of heterogeneity, it was evaluated by
visual inspection of the funnel plot.?? Therefore, both meth-
ods were used to assess heterogeneity. P-value <0.05 was
considered statistically significant.

Results

Initially, 3,327 articles were obtained through database
search, and 16 articles were retrieved by performing manual
searches of the selected key references. After removing
duplicates, there were 2,398 articles remaining. Furthermore,
1,855 trials were excluded as they covered an irrelevant
topic. After reviewing the title and abstract, 530 trials were
excluded due to the following reasons: insufficient or irrel-
evant outcome information (n=356), study designs (n=57),
multi-modal interventions (n=9), inclusion of nondemented
patients (n=106), and unlocated full text (n=2). As a result of
the screening process, 13 RCT articles were selected, 0122332
which included 659 patients who were diagnosed with AD as
presented in Figure 1. Patients were split into control (319) or
patients receiving intervention treatment (340). Sample sizes
of studies ranged from 21 to 200, and studies were published
between 2002 and 2017. Cognitive result measurements
usually included Mini-Mental State Examination (MMSE)
(nine studies)''**3? or other cognitive function tests such as
Alzheimer’s Disease Assessment Scale — Cognitive Sub-
Scale,”® verbal fluency,” clock-drawing test,*® ERFC,!°
Cambridge Neuropsychological Test Automated Battery-
Expedio,' test of phonemic verbal fluency,** Stroop Color
and Word Test,? Frontal Assessment Battery,*® and Func-
tional Assessment of Communication Skills Mental Sub-
scale.’! More information or characteristics of the included
studies are summarized in Table 1. An assessment of bias in
each field is presented in Figures 2 and 3. A meta-analysis
was conducted on seven articles that had available data for
MMSE as an observation index, and a comparison of the
experimental group and the CG is presented in Figure 4. The
heterogeneity of the included articles is shown in Figure 5.

Risk of bias assessment

In order to avoid false findings in the comprehensive analysis
and to ensure reliability of results, quality of selected studies
was assessed for risk of bias. The risk of bias graph and
the authors’ judgment about each risk of bias item are
presented in Figure 2. Figure 2 indicates the quality details
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3,327 records identified
through database
searching

16 records
identified through
other sources

2,398 records after duplicates removed }—V

543 potentially relevant trials identified after

1,855 trials excluded by the reason of
covering an irrelevant topic

530 trials excluded with reasons:

reviewing the title and abstract

4
13 studies included in qualitative synthesis

Figure | Flow diagram of the study identification process.

of each study and demonstrates that only one research
has a high-risk quality assessment.’! In one trial, indi-
viduals had a different baseline in MMSE.?* In addition,
the study carried out by Cott et al*' had a high risk for
incomplete outcome data (attrition bias) and considerable
individual variability in MMSE scores, and it did not use
intervention-to- to treat to avoid the occurrence of bias. The
authors’ judgments of each risk of bias item are presented
in Figure 3. In general, the proportion of high-risk bias is
small.

Meta-analysis of the seven studies
supports exercise as a treatment option

to help improve cognition of AD patients
In the meta-analysis of the seven articles,!'!**2426-2° results
demonstrated that studies were heterogeneous (P<<0.001,
1’=89%), therefore a random effects model was chosen for
analysis. Figure 4 demonstrates that exercise can improve
cognition of AD patients and that total outcome: MD=2.53,
95% C1=0.84 to 4.22, and Z=2.93 (P=0.003). Results of five
of the included articles are consistent with overall results of
this meta-analysis and support exercise as a treatment option
in improving the cognition of patients with AD.!'"-242627
Although results from two articles do not support the find-
ings of this study, the 95% CI of both studies covered the
invalid vertical line, suggesting that the study was not statis-
tically significant.?®? The risk of bias of this meta-analysis
is presented in Figure 5. Scatter points of each study are
distributed at the top of the funnel and are symmetrically
distributed, suggesting a small bias of those research studies
(Figure 5).

Insufficient outcomes information (n=356);
Study designs (n=57);

Multi-modal interventions (n=9);

Samples included non-demented or other
types of dementia patient (n=106);

Did not find full text (n=2)

Review — complete data set (n=13)

Six articles had no associated MMSE data and were not
included in the meta-analysis. Eight articles demonstrated
that exercise improves cognitive function for individuals
with AD and supports physical activity as a treatment option
for patients with AD.!0-1223.24.26.2730 Kemoun et al'® found
that physical activity programs slow cognitive decline:
postintervention cognitive scores: intervention: 30.4%7.7,
control: 23.248.4; overall ERFC score of the subjects from
the IG improved (P<<0.01), while that of the CG decreased.
Yang et al'! recruited 50 elderly people with mild AD and
found that MMSE score significantly increased (P<<0.05)
in aerobic groups before and after 3 months, while for the
CG, MMSE scores decreased significantly after 3 months
(P<<0.05). These results provide strong evidence that aerobic
exercise can improve cognition of AD patients.!! Yagiiez
et al'? demonstrated significant improvements in sustained
attention, visual memory, and working memory in the
exercise group when compared with the CG after a 6-week
training regime. Kwak et al’s® findings demonstrated that
MMSE score increases 20% (pre: 14.53+5.34, P<<0.05)
and 30% (post: 17.47+£6.90, P<<0.01) at 6 and 12 months.
Venturelli et al* aimed to compare the effect of a walking
program on cognitive decline of elderly nursing home resi-
dents in the later stages of AD. They found that the walking
group did not show a significant change in MMSE scores
before and after the training period, whereas the CG group
showed a decrease in MMSE scores during the same period.
Vreugdenhil et al*’ examined the effect of community-based
exercise programs on AD patients. After 4 months, patients
who exercised had improved cognition when compared with
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control (increased MMSE scores by 2.6 points, P<<0.001).
Pedroso et al*® studied 21 older patients with probable AD
and detected a positive interaction between groups and

0.000479), confirming the effect of physical

activity on global cognitive function. In addition, the out-

moments (P:

comes of MMSE, FAB, and CDT of IG were all positive
with P<<0.05.>° However, the remaining five studies did not
display a beneficial effect of exercise on cognitive function
in patients with AD.?>282%3132 [t is important to note that
one study observed that the effects of exercise on cognitive
function in patients with AD differed from each other when

different observational indicators were used.?
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Figure 3 Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.

Discussion

The prevalence of AD has increased over recent years, result-
ing in a heavy burden to families, economies, and society. At
present, there are no effective therapeutic drugs. Exercise is
a preferred nonpharmacotherapy treatment option due to its
wide range of positive effects, fewer side effects, and low
economic burden. However, to date, results of studies have
been inconsistent regarding the effectiveness of exercise in
improving cognitive function in AD patients. Therefore, lit-
erature was systematically reviewed to investigate the effect
of exercise on AD patients. Initially, 3,343 articles were
retrieved; however, as a result of the screening process, 13
articles were selected. This study presents evidence support-
ing exercise as an effective intervention option for cognitive
function in patients with AD, although the methodological
heterogeneity in the literature limits our conclusion. Eight
studies demonstrated that exercise has a positive effect on
cognitive function in people with AD.!01223.24.2627.30 The
remaining articles had mixed results or did not demonstrate
statistical differences.?*#32%3132 Additionally, types of physical

Study or
subgroup

Experimental Control
Mean SD Total Mean SD Total (%)

Weight

activity are different. Nine studies had an intervention period
between 12 and 16 weeks,'*!1124252731 while other trials had
an intervention period from 1.5 to 12 months.'>?2632 [n eight
studies, the CG had patients with no exercise intervention or
treatment as usual,'%12232427-2931 i one trial patients in the CG
performed nonaerobic exercises,* and in one trial, patients
in the CG participated in talk only visits.*' It is important to
note that selected studies used several cognitive tests, and
MMSE was the most commonly used cognition detection
method. Nine studies used MMSE as a measure of cognitive
ability,'**° nine studies applied various other monitoring
indicators,!%1224252731 and seven studies identified cognition
by means of multiple outcome measures.?*>27-3%32 One study
presented inconsistent results in different outcome measures
for the same study.* It is therefore difficult to make direct
comparisons. In addition, it was hard to determine whether
exercise is invalid or the cognitive measurement tools are
not properly selected when there are no significant differ-
ences between the two groups. Because the selected studies
demonstrated great heterogeneity in type of intervention,

Vreugdenhil et al (2012 239 5 20 19 77 20 9.3

Hoffmann et al (2016)®  23.9 34 107 239 39 93 18.3
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Kwak et al (2008)* 191 65 15 123 6.7 15 7.7
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Figure 4 A forest plot shows the results of a meta-analysis of six RCTs measuring MMSE outcome for individuals with AD.

Note: Exercise intervention had a positive effect on MMSE results.

Abbreviations: AD, Alzheimer’s disease; MMSE, Mini-Mental State Examination; RCT, randomized controlled trial.
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Figure 5 A funnel plot of the meta-analysis of six studies.

Notes: SE indicates the accuracy of the estimated value of the treatment effect,
and the smaller the SE, the more accurate it is. The MD measures the treatment
effect size.

Abbreviations: MD, mean difference; SE, standard error.

duration, intensity, and frequency of exercise, there is a
need to develop uniform research criteria, including the
characteristics of the participants, research designs, interven-
tion methods, selection of cognition measurements, and so
on, in order to conduct large sample studies with uniform
standards, which can provide a reliable basis for clinical
treatment application.

It is difficult to achieve high-frequency and continuous
intervention for AD patients in real-world studies. In addi-
tion, it is difficult to perform exercise-intervened RCT in
AD patients. These results are inconsistent and controver-
sial. Exercise conditions are usually self-reported data with
uncertain accuracy, and it is difficult to exclude the impact of
other factors, such as diet, environment, social support, and
so on, on the results of exercise intervention; for the elderly,
especially those with moderate to severe dementia, exercise
intervention is potentially dangerous. Therefore, exercise
interventions have limitations. Well-designed research is
needed to solve these problems in the future. Due to the
inconsistency in monitoring indicators, meta-analysis can
only be conducted on studies with MMSE as an outcome
measure. Due to the unavailability of MMSE outcome data
for two studies,”~* this study conducted a meta-analysis of
seven studies.!!#2426-2 Qverall, results of this meta-analysis
support exercise to improve cognitive function in people with
AD, which is in line with our expectation. In the quantitative
meta-analysis, research types and result measurement tools
included are the same, greatly improving the strength of the
evidence and adding much more authority to the evidence. Of
the six studies that were not included in this meta-analysis,
although three studies failed to achieve positive results, lack

of results did not mean that exercise was not effective. In one
study, no significant differences in the outcomes measured
posttest were found. In this study, participants in the CG
received home safety training.”® In one study, patients in the
CG participated in talk only visits.>! In one study, participants
in the CG were asked to do stretching and toning, and the
Disability Assessment for Dementia total functional inde-
pendence was associated with changes in memory-specific
cognitive function (r=0.26, 95% CI=0.06 to o, P=.017) but
not executive function (7=0.18, 95% CI=—0.03 to e, P=.07).3
Possible explanations for the lack of cognitive benefits in
exercise include the following: 1) training activities and
social participation in the CG might have produced cogni-
tive benefits; 2) the short period of intervention might not
be enough to produce cognitive benefits; and 3) the level
(intervention type, time, intensity, and frequency) of physical
activity might not be sufficient to produce cognitive benefits.
Therefore, we believe that physical activity can improve the
cognitive function of patients with AD and that some studies
have not had long enough times of intervention or sufficient
power to demonstrate the effectiveness of exercise. In order
to achieve this positive result, it is necessary to start the
exercise intervention in the early stage and to persevere in
the long run as a daily habit.

There are three mechanisms for exercise to improve
cognition. First, animal experiments demonstrated that exer-
cise can promote neural plasticity**3* and induce increases
in neurogenesis in the hippocampus, and**>¢ aerobic fitness
promotes blood flow, glucose utilization, and oxygen extrac-
tion and improves functional and structural brain reserves.’’
Second, exercise can promote the secretion of brain-derived
neurotrophic factor (BDNF),** 4! which is related to learning
and memory. Third, the indirect effects of exercise on the
brain cannot be ignored. Exercise can reduce certain chronic
diseases (such as cardiovascular diseases, obesity, diabetes,
and so on) and the risk factors that have been associated with
dementia and other cognitive dysfunctions.*

This study only included RCTs, which unified the study
types, reduced bias, and provided strong evidence. In addi-
tion, the meta-analysis included seven new RCTs. The
overall outcome demonstrates that physical activity benefits
the cognitive function of AD patients. Although strength of
validity evidence was not significant, physical activity as a
positive lifestyle choice can improve patient’s cognitive func-
tion, reduce risk of multiple diseases, and improve patients’
physical function. Moreover, physical activity has less side
effects and less economic burden, which has more extensive
benefits than drug therapy.
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Our review also has several limitations. Although there
are no language restrictions in the search strategy, the stud-
ies eventually included were in English and might have had
language bias. Most trials have small sample sizes, and the
intervention methods such as type of intervention, intensity,
duration, and frequency are heterogeneous. The follow-up
period was not long enough and measures of cognitive func-
tion were different, while some trials used several cognitive
measurements. In this study, although some results were not
statistically different, it is difficult to determine whether the
power of exercise intervention is insufficient or the exercise is
ineffective. The research protocol could not always be found;
therefore, there might be some publication bias.

Conclusion

The purpose of this review was to reveal the effects of
physical activity on cognitive function in patients with
AD. RCTs of exercise and cognitive function in patients
with AD were reviewed, and a positive effect was found
through meta-analysis and some other research outcomes.
However, the heterogeneity of intervention type, time,
intensity, frequency of physical activity, cognitive tests,
follow-up time, control conditions as well as small sample
trials do not allow us to make a very definitive conclusion
about the effects of exercise intervention. In clinical prac-
tice, it is strongly recommended to use exercise therapy
to prevent or control cardiovascular diseases, obesity, and
so on. Therefore, physical activity should continue to be
encouraged. Targeted multimodal interventions may be
more effective for different treatment goals. In addition,
future trials call for standardized intervention characteristics
and large-scale, long-term follow-up to generate positive
outcomes that support the ability of exercise to improve
cognition of AD patients.
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