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Exercise programs have been introduced to improve cognitive function, whereas studies showed inconsistent results regarding the
effectiveness of exercise programs on patients with dementia. This study aimed to summarize randomized controlled trials (RCTs)
to assess the effect of exercise programs on cognition, activities of daily living (ADL), and depression in elderly with dementia. We
systematically screened PubMed, Embase, and the Cochrane library for relevant studies throughout November 21, 2018. The
pooled standardized mean differences (SMDs) with 95% confidence intervals (CIs) were employed to calculate cognition, ADL,
and depression by using random-effects model. A total of 20 RCTs with 2,051 dementia patients were included in final quantitative
meta-analysis. There were no significant differences between exercise programs and control regarding cognition (SMD: 0.44; 95%
CIL: —0.21-1.09; P = 0.183), ADL (SMD: 0.50; 95% CI: —0.03-1.02; P = 0.066), and depression (SMD: —0.43; 95% CI: —0.90-0.05;
P =0.077). Sensitivity analysis results indicated that exercise programs might play an important role in cognition and ADL,
whereas the depression level was unaltered by the exclusion of any particular study. Subgroup analyses indicated that exercise
programs were associated with increased cognitive levels if the mean age of patients was <80.0 years when compared with usual
care and studies with low quality. Moreover, the ADL level was significantly increased in patients receiving exercise programs
versus usual care. These results suggested that exercise programs might play an important role in cognition and ADL in patients
with dementia. These results required further verification by large-scale RCTs, especially for depression outcomes.

1. Introduction

Dementia is a major neurological disorder that causes
disability and dependency among individuals, and so it has
become a significant global problem. The prevalence of
dementia among the elderly (=60 years) people is 4.86%
worldwide [1]. The incidence of dementia is accompanied
with the ageing process of the individuals, and its prevalence
is increasing worldwide [2]. The characteristic of dementia
involves a progressive declination in cognition, which in
turn is associated with the loss of social and occupational
functions [3]. Moreover, patients with dementia have poor
balance and gait [4], and gait might be a surrogate marker of
cognitive impairment and decline, which could affect the
dependence of activities of daily living (ADL) [5].

Furthermore, there is convincing evidence that demon-
strated that both notion and depression in early life are
associated with increased risk of dementia in later life, while
depression in later life could be regarded as a prodrome to
dementia [6]. Although pharmacological treatments have
been employed for improving cognitive function and ADL,
various side effects and no disease modifications were ob-
served in patients with dementia [7, 8]. Therefore, effective
strategies should be explored for patients with dementia.
According to a previous study, exercise assists in
gradually slowing down the progression of dementia. The
potential reasons for this could be the fact that regular
exercise has direct effects on the brain cortex, neuromus-
cular and cardiovascular functioning, immune system, ar-
teriosclerosis in the brain, mood, and depression states [9].
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Furthermore, regular exercises could decrease neuropath-
ological burden and increase hippocampal neurogenesis
[10, 11]. A previous systematic review was conducted on
dementia patients and pointed out that regular exercise has
no significant effect on cognition and depression, while it
provides a beneficial effect on ADL [12]. However, this study
evaluated the results of cognition, ADL, and depression
based on the data after intervention, but the mean changes of
these indexes were not calculated. Moreover, whether the
treatment effects of exercise are differing according to pa-
tients’ characteristics was not illustrated. Therefore, this
current meta-analysis was conducted based on randomized
controlled trials (RCTs) to determine the treatment effects of
exercise programs on cognition, ADL, and depression in
patients with dementia.

2. Materials and Methods

2.1. Data Sources, Search Strategy, and Selection Criteria.
This study was conducted and reported according to the
guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Statement (PRISMA) [13]. The
electronic databases of PubMed, Embase, and the Cochrane
library were systematically searched for RCT studies pub-
lished regarding the investigation of treatment effects of
exercise programs in patients with dementia from their
inception up to November 21, 2018. The following search
terms as medical subjecting heading and free words were
used: (exercise or training) and (dementia or Alzheimer’s
disease) and “English.” The detailed information regarding
the search strategy was presented in Supplemental 1. The
reference list of the retrieved studies was also reviewed to
identify any new eligible study.

Two authors independently conducted literature search
and study selection, and any inconsistencies between them
were resolved by discussion with each other. The inclusion
criteria of this study are as follows: (1) patients: patients
without any restriction to age were diagnosed with dementia
according to the diagnosis criteria in individual trial; (2)
intervention: patients received regular exercise programs,
and the details of exercise programs have been listed in
Table 1; (3) control: control is patients with usual care and
without regular exercise; (4) outcomes: the study should
report at least 1 of the following outcomes: cognition, ADL,
and depression; and (5) study design: study design is RCT
design.

2.2. Data Collection and Quality Assessment. Data collection
and quality assessment were carried out by 2 authors, and
disagreement was adjudicated by an additional author by
reading the full text of the article. The collected items in-
cluded study, publication year, country, sample size, mean
age, intervention, control, treatment duration, diagnostic
criteria, and reported outcomes. The quality of included
studies was evaluated by using the revised Jadad scale that is
based on random sequence generation, allocation conceal-
ment, blinding, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other biases [34]. The
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“score system” for RCTs ranged from 0 to 7, where studies
with score of 5 or more are regarded as high-quality studies.

2.3. Statistical Analysis. The treatment effects of exercise
programs versus control on cognition, ADL, and depression
based on mean, standard deviation, and sample size in each
group in individual trial were calculated. The pooled stan-
dardized mean differences (SMDs) with 95% confidence
intervals (CIs) were calculated for cognition, ADL, and
depression using random-effects model [35, 36]. Hetero-
geneity was evaluated using I-square and Q statistic, and
P <0.10 was considered as significant heterogeneity [37, 38].
The stability of pooled results for investigating the outcomes
was calculated by using sensitivity analyses [39]. Stratified
analyses for cognition, ADL, and depression were performed
based on publication year, country, sample size, mean age,
control, treatment duration, and study quality. Univariable
metaregression was conducted to evaluate the differences
between subgroups [40]. The funnel plots, Egger et al. [41],
and Begg and Mazumdar [42] tests were employed for
evaluating the publication bias. The inspective levels for
pooled results are 2-sided, and <0.05 was considered to be
statistically significant. All analysis was conducted using
STATA software (version 10.0; Stata Corporation, College
Station, TX, USA).

3. Results

3.1. Search of the Published Literature. The electronic
searches produced 2,146 records, and manual search of the
reference lists of retrieved studies identified 59 studies. One
hundred and twenty records were removed due to duplicate
topics, and 2,042 studies were excluded due to irrelevant
topics after studying the title and abstract. The remaining 43
studies were retrieved for full-text evaluations, and 23
studies of these were excluded due to the following reasons:
no sufficient data (n=12), no appropriate control (n=29),
and studies reporting similar populations (# = 2). Finally, 20
RCTs were identified for quantitative analysis [14-33]. The
details of study selection process are shown in Figure 1. The
baseline characteristics of included studies are presented in
Table 1.

3.2. Study Characteristics. A total of 20 RCTs involving a
total of 2,051 patients with dementia were included in the
final analysis. The studies published between 1997 and 2018
and sample sizes ranged from 11 to 415 were included. The
mean age of patients ranged from 70.5 to 87.9 years, and the
treatment duration ranged from 6 weeks to 18 months.
Fourteen studies were conducted in Europe, and the
remaining 6 studies were conducted in USA, Brazil, Aus-
tralia, Korea, and China. Eleven studies compared the ex-
ercise program with other strategies, while the remaining 9
studies compared the exercise program with usual care. The
revised Jadad scale was used for quality evaluation, where 5
studies scored 6, 7 studies scored 5, 3 studies scored 4, 4
studies scored 3, and the remaining 1 study scored 2.
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Articles from PubMed, EmBase,
and the Cochrane (n = 2146)

Additional records identified

from reference lists (n = 59)

y

y

Articles identified after duplicate being removed (n = 2085)

Abstracts and title excluded

A 4

during first screening (n = 2042)

Articles reviewed in detail (n = 43)

Articles excluded (n = 23)

No sufficient data (n = 12)

y

No appropriate control (1 = 9)

Reported same populations (1 = 2)

20 trials included in meta-analysis

FIGURE 1: Flow diagram of literature search and trials selection process.

3.3. Cognition. Data regarding the effect of exercise program
on cognition was available in 15 studies, and the pooled
SMD indicated no significant differences between exercise
program and control for cognition level (SMD: 0.44; 95% CI:
—0.21 to 1.09; P = 0.183; Figure 2). Moreover, substantial
heterogeneity was observed among the included studies (I-
square: 96.7%; P < 0.001). Sensitivity analysis indicated that
exercise program had a beneficial effect on cognition after
excluding the study conducted by Toots [29], and the study
specified that receiving high-intensity functional exercise
program aimed to improve lower limb strength, balance, and
mobility (Supplemental 2). Subgroup analyses indicated that
exercise program significantly improved cognition in pa-
tients with mean age of <80.0 years (SMD: 0.97; 95% CI: 0.07
to 1.87; P = 0.035), compared with usual care (SMD: 1.06;
95% CI: 0.35 to 1.76; P =0.003) and pooled low-quality
studies (SMD: 0.44; 95% CI: 0.06 to 0.83; P = 0.024). No
other significant differences were observed based on pre-
defined factors (Table 2). Subgroup analysis indicated that
the treatment effects of exercise program differed based on
country (P =0.001), mean age (P<0.001), control
(P <0.001), and study quality (P = 0.006). Funnel plot did
not rule out potential publication bias, and the Egger test
(P = 0.355) showed no significant publication bias, whereas
the Begg test (P = 0.048) showed potential publication bias
(Supplemental 3).

3.4.ADL. Data regarding the effect of exercise program on
ADL was available in 11 studies. We noted that exercise

program has no significant effect on the levels of ADL
when compared with control (SMD: 0.50; 95% CI: —0.03 to
1.02; P =0.066; Figure 3), whereas significant heteroge-
neity was observed (I-square: 94.9%; P < 0.001). Sensitivity
analysis indicated that the conclusion was changed after
excluding the trial conducted by de Souto Barreto et al.
[31], which specifically compared music mediation or arts
and crafts (Supplemental 2). Subgroup analysis indicated
that exercise program significantly improved ADL when
compared with usual care (SMD: 0.87; 95% CI: 0.19 to 1.54;
P =0.012), and no other significant differences were de-
tected (Table 2). Country (P =0.001), mean age
(P =0.023), and treatment duration (P <0.001) affected
the exercise programs on ADL. No evidence of publication
bias was observed (P value for Egger: 0.413; P value for
Begg: 0.213; Supplemental 3).

3.5. Depression. Data regarding the effect of exercise pro-
gram on depression was available in 6 studies. The pooled
SMD suggested that exercise programs did not yield any
beneficial effects on depression level (SMD: —-0.43; 95% CI:
—0.90 to 0.05; P = 0.077; Figure 4), and a significant het-
erogeneity among the included studies was detected (I-
square: 85.7%; P <0.001). Sensitivity analysis results in-
dicated the stability of pooled conclusion after sequential
exclusion of individual trial (Supplemental 2). Moreover,
although the treatment effect of exercise program was af-
fected by country (P = 0.003) and sample size (P = 0.022),
no significant differences were observed between exercise
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Standardised mean difference

Study (95% CI) % weight
de Winckel —1| 0.52 (-0.29, 1.33) 6.4
Christofoletti S ~0.36 (~1.01, 0.29) 6.6
Eggermont - 0.13 (=0.27, 0.53) 6.9
Eggermont — -0.29 (~0.80, 0.21) 6.8
Kemoun — . 1.16 (0.40, 1.93) 6.5
Hwang — - 0.62 (~0.34, 1.57) 6.2
Venturelli | R 2.50 (1.41, 3.59) 5.9
Vreugdenhil | R — 2.47 (1.64, 3.31) 6.4
Volkers - 0.30 (-0.12, 0.72) 6.9
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FIGURE 2: Effect of exercise programs on cognition.

programs and control for depression levels in all subsets
(Table 2). There was no evidence of publication bias for
depression (P value for Egger: 0.134; P value for Begg: 0.260;
Supplemental 3).

4. Discussion

The current study was based on 2,051 patients with de-
mentia from 20 RCTs with broad range of characteristics.
Although significant heterogeneity was observed, we
noted that the dementia patients who received exercise
programs did not yield additional beneficial effects on
cognition, ADL, and depression. Sensitivity analysis re-
sults indicated that exercise programs might play an
important role in cognition and ADL. The beneficial ef-
fects of exercise programs on cognition were mainly ob-
served in mean age of patients <80.0 years when compared
with usual care and pooled low-quality studies. Moreover,
we also noted that exercise programs could improve ADL
when compared with usual care. These results are im-
portant for patients with dementia and warranted further
large-scale RCTs to verify.

According to a previous systematic review based on 13
RCTs, AD patients receiving exercise programs showed
positive effects on cognitive function, and 8/13 studies
reported similar results, whereas the remaining 5 studies
demonstrated no significant difference between exercise
programs and control regarding cognitive function [43].
However, the results of ADL and depression are not
reported, and stratified analyses based on patients’
characteristics are not conducted. Blankevoort et al. in-
dicated that physical activity has beneficial effects on
patients with dementia during all stages. Moreover,
combination of endurance, strength, and balance in-
terventions significantly improved gait speed, functional

mobility, and balance [44]. Lee et al. based on 9 studies
suggested that dementia patients receiving physical ca-
pacity were associated with improved dementia symp-
toms, ADL, cognitive functions, and psychological state
[45]. However, several important studies were not in-
cluded in this study, and the treatment effects of exercise
programs might be overestimated. Liang et al. conducted
a network meta-analysis based on 17 RCTs and pointed
out that physical exercise and computerized cognitive
training play a beneficial role in cognition and neuro-
psychiatric symptoms in elderly patients with AD or mild
cognitive impairment [46]. Due to these controversies,
the current meta-analysis was conducted to demonstrate
the treatment effects of exercise program versus control
on cognition, ADL, and depression in patients with
dementia.

Although the pooled SMD indicated no significant
difference between exercise programs and control in
cognition, this result was not stable and a beneficial effect
might be observed. Five of the included studies reported
similar positive results, whereas 2 trials reported opposite
conclusion [29, 31]. Toots et al. indicated that high-in-
tensity functional exercise program showed significant
declination in ADL and improved balance in patients with
non-Alzheimer’s dementia, whereas exercise programs
were associated with poor cognition [29]. The reason for
this could be that the training programs focused on im-
proving lower limb strength, balance, and mobility. de
Souto Barreto et al. found that the decreased cognition
level in exercise group was greater than that in patients
who received music mediation or arts and crafts [31].
Patients recruited in this study were older than those in
the other studies, and excess training might contribute
additional burden in them, showing declination in cog-
nitive function faster than expected. Subgroup analysis



12 BioMed Research International
TABLE 2: Subgroup analyses for cognition, ADL, and depression.
SMD and 95% P Heterogeneity P value for P value between
Outcomes Factors Groups .
CI value (%) heterogeneity subgroups
Before = ~0.03 (-0.37t0 g4 31.4 0.224 0.366
Publication year 2010 0.30)
2010 or 0.61 (-0.24 to
after 1.47) 0.160 97.6 <0.001
Europe ! 1(_0%)47 0435 97.4 <0.001 0.001
Country ’
Others 083 (02810 145 89.1 <0.001
1.93)
>100 015 1(;18)18 to 0.825 98.8 <0.001 0.286
Sample size )
<100 0.57 (-0.06 to 0.076 90.2 <0.001
1.21)
>80.0 0.09 f—o(i)84 to 0.854 96.1 <0.001 <0.001
Cognition Mean age (years) p
<80.0 097 (0.07 to 0.035 96.6 <0.001
1.87)
Usual 1'061(;).63)5 to 0.003 95.1 <0.001 <0.001
Control )
Others 047 CLS6 10 59 96.6 <0.001
0.61)
0.45 (-1.01 to
Treatment duration >6 1.90) 0.548 98.6 <0.001 0.563
(months) 6 0420l 5, 88.9 <0.001
0.95)
High 0% 1(_3?3)5 1o o371 98.0 <0.001 0.006
Study quality p
0.44 (0.06 to
Low 0.83) 0.024 51.2 0.069
Before  0.18 (C018 10 5,4 0.0 0.549 0.706
Publication year 2010 ?'54)
2010 or 0.59 (-0.02 to
after 1.21) 0.060 95.9 <0.001
Europe 02 é—s(;.)zs 9317 95.6 <0.001 0.001
Country )
1.13 (~0.68 to
Others 2.94) 0.223 92.3 <0.001
>100 0.37 (5_8(5)3)13 to 0.145 94.1 <0.001 0.068
Sample size )
0.75 (-0.98 to
<100 2.48) 0.395 96.3 <0.001
>80.0 043 (-0.44 to 0.334 96.6 <0.001 0.023
ADL Mean age (years) L.31)
<80.0 0.57 (-0.08 to 0.088 90.7 <0.001
1.23)
Usual 0'871(;)41)9 to 0.012 92.9 <0.001 0.080
Control :
Others 14 (07610 455, 9.3 <0.001
1.04)
0.97 (-0.01 to
Treatment duration >6 1.95) 0.053 96.5 <0.001 <0.001
(months) 6 0ROt 5, 93.6 <0.001
0.88)
High  ° f‘l(;')o‘} " 0.066 95.9 <0.001 0.681
Study quality )
Low 035 (01610 g 0.0 0.347

0.86)
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TaBLE 2: Continued.

Outcomes Factors Groups SMD and 95% P Heterogeneity P value for P value between
b CI value (%) heterogeneity subgroups
Before  -013 (=041 to .5, 0.0 0.805 0.555
Publication year 2010 0.14)
2010 or  —0.85 (-1.83 to
after 0.12) 0.085 94.2 <0.001
Europe _0’120(62)'29 © g191 0.0 0.778 0.003
Country p
Others "3 1(;14)'07 0 341 96.0 <0.001
>100 _0'100(63)'29 0 0285 0.0 0.640 0.022
Sample size ’
<100 _0'940(5_22)'40 5209 93.1 <0.001
>80.0 _0'160(6;))'3 7 5129 0.0 0.913 0.558
Depression Mean age (years) 134 i_ 403 to
<80.0 : | 35)‘ 0.329 97.1 <0.001
Usual _0'850(1_ 91)'90 o110 94.2 <0.001 0.757
Control )
Others _0’170(63)'42 0186 0.0 0.773
-0.18 (-0.42 to
Treatment duration =6 0.07) 0.159 0.0 0.823 0.797
(months) <6 066 (-1.56 to o5 91.4 <0.001
0.24)
High 03 20(0_21)'06 0,058 88.4 <0.001 0.440
Study quality 0.05 (~0.61 to
Low 0.71) 0.876 — —
Standardised mean difference .
Study (95% CI) % weight
Francese —.-I—:— -0.17 (-1.36, 1.02) 6.7
Rolland ETR 0.21 (0.16, 0.59) 9.7
Conradsson —-—i 0.14 (-0.18, 0.45) 9.9
Venturelli i - m—— 2.16 (1.13,3.18) 7.4
Vreugdenhil i — m——  305(213,398) 7.8
Yang —.— 0.46 (-0.10, 1.03) 9.2
Toots i - 1.75 (1.41, 2.09) 9.8
Hoffmann - ! ~0.07 (-0.36,0.21) 10.0
Barreto <~ B i —-1.65(-2.13,-1.18) 9.5
Biirge 1 0.23 (~0.08, 0.54) 9.9
Lamb - i 0.01 (-0.20, 0.23) 10.1
Overall e 0.50 (~0.03, 1.02); P = 0.066 100.0
| : (I-square: 94.9%; P < 0.001)
-2 0 2

Standardised mean difference

F1GURE 3: Effect of exercise programs on ADL.

indicated that the treatment effect of exercise programs on
cognition level mainly focused on mean age of patients of
<80.0 years when compared with usual care and pooled
low-quality studies. The potential reason for this could be
that mean age was correlated with progression of de-
mentia and the control strategy could affect the net

treatment effect between exercise program and control.
The quality of included studies could affect the evidence
level, causing potential biases. The above results suggested
that exercise programs were superior to usual care on
cognition level, and the strategy of exercise programs
should focus on strength and balance. Moreover, exercise
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Standardised mean difference

Study (95% CI) % weight
Rolland ~0.14 (-0.52, 0.23) 18.3
Williams 0.05 (-0.61, 0.71) 14.7
Eggermont -0.22 (-0.73, 0.28) 16.8
Vreugdenhil ——JilF—— -2.75 (-3.62, -1.87) 12.1
Toots -0.20 (-0.52, 0.12) 18.9
Hoffmann 0.00 (-0.29, 0.29) 19.2
Overall —-0.43 (-0.90, 0.05); P = 0.077 100.0

(I-square: 85.7%; P < 0.001)

T T
-2 0

1
2

Standardised mean difference

FIGURre 4: Effect of exercise programs on depression.

programs should be given to younger patients with
dementia.

Similarly, exercise programs did not yield additional
beneficial effects on ADL, whereas a significant difference
between exercise programs and control for ADL was ob-
served. Most of the included studies reported no significant
differences between exercise programs and control re-
garding the change in ADL, whereas de Souto Barreto et al.
indicated that the levels of ADL in exercise group were lower
than those in the control group [31]. Stratified analysis
indicated that ADL was significantly improved in patients
receiving exercise program when compared with usual care.
This significant difference could be due to the fact that the
net change between exercise and usual care was larger than
the use of other strategies as control. In addition, there was
no significant difference between exercise programs and
control regarding the levels of depression. This effect was
stable and unaltered by sensitivity and subgroup analyses.
However, nearly all the included studies reported a positive
trend in patients receiving exercise programs, which re-
quired further large-scale RCTs to demonstrate the treat-
ment effects of exercise programs on depression.

However, our study has few limitations that should be
mentioned. Firstly, the exercise strategy used by the in-
cluded studies varied, and also the treatment effects of
exercise programs differed. Secondly, the levels of cog-
nition, ADL, and depression are evaluated by different
scales in different studies, and substantial heterogeneity
across the included studies was not fully interpreted.
Thirdly, the type of dementia was not assigned in most of
the included studies, and the analysis according to the
types of dementia was not conducted. Fourthly, the
summary results of depression were available in few
studies and require verification in further studies. Fifthly,
the analysis based on published studies and publication
bias was inevitable. Finally, the detailed analysis was not
conducted as this study used pooled data due to the un-
availability of individual data.

5. Conclusion

In conclusion, these results suggested that exercise
programs might play a beneficial role in cognition and
ADL in patients with dementia, especially in younger
patients and when compared with usual care, whereas
exercise program showed no association with depression
level. These results indicated that exercise programs
should be introduced to patients with dementia, espe-
cially to younger patients. Further large-scale RCTs
should be conducted to verify the treatment effects of
exercise program on depression in patients with
dementia.
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