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Abstract

Background: This systematic review evaluates the effect of exercise training in the treatment of patients with mild cogr@
impairment (MCI).

Methods: PubMed, Medline, EMBASE, Web of Science, and Cochrane Library databases were systematically searched up to
Oct 2021 in order to identify randomized controlled trials (RCTs) which evaluated the effects of physical exercise in persons with
MCI. Changes of cognitive and physical function were tested using pre- and postMMSE and TUG scores, and were compared
with control intervention.

Results: A total of 10 RCTs involving 635 MCI patients were included in the meta-analysis. Physical exercise improved MMSE
scores (MD 0.71, 95 % Cl 0.57 to 0.85, P < .00001, I° = 95 %) and TUG performance (MD -0.82, 95 % CI —1.20 to —-0.45,
P < .00001, I> = 12 %) in patients with MCI.

Conclusions: This meta-analysis demonstrated a positive effect of exercise training in people with MCl in relation to cognitive
and physical function. These findings suggest exercise interventions be persistent, and reveal that more high-quality researches
are needed.

Abbreviations: ADL = activities of daily living, Cl = confidence interval, ES = effect sizes, MCI = mild cognitive impairment,
MD = mean difference, MMSE = The Mini-Mental State Examination, PRISMA = Preferred Reporting ltems for Systematic Reviews

and Meta-analysis, RCTs = Randomized controlled trials, SD = standard deviations, TUG = The Timed Up and Go test.
Keywords: cognition, exercise, meta-analysis, mild cognitive impairment

1. Introduction

Mild cognitive impairment (MCI) is an early condition in which
someone has cognitive dysfunction associated with increasing
age, which may lead to dementia.l'l The prevalence of MCI is
reported to be between 15% and 20% in adults aged 60 years
and older, and the annual incidence of progression to demen-
tia increased to between 8% and 15% over the years.?! For old
adults diagnosed as MCI, cognitive impairment are associated
with the individual age, while no interference in their activities of
daily living is expected.’! Ongoing researches have documented
the accelerated cognitive decline may be affected by lifestyle fac-
tors, such as exercise, diet, sleep, work, recreation, and study.!*-*!
Exercise interventions has been proved to reduce risk of
falls and fractures”! and prevent dementia and delay cognitive
decline®® in people aged > 60 years. In general, investigation of
physical training program such as aerobic, resistant, flexibility,
strengthening, and balance exercise, provide clinical significance
in improvement the outcome for patients with cognitive decline.
Nevertheless, association of different exercise programs with
cognitive and physical function in MCI still remains unclear.
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Cognitive functions are fundamental to human beings, includ-
ing functions of learning, perception, deduction, problem solving,
memory, and others. The Mini-Mental State Examination (MMSE)
is one of the best-known and most widely used tools to evaluate
cognitive status in people with cognitive impairments.” Physical
function can be defined as the ability to perform both basic and
instrumental activities of daily living (ADL), is crucial for the
community dwelling adults older than 60 years old. The physical
function involves neuromotor, musculoskeletal, and the cardiore-
spiratory systems. The Timed Up and Go test is a commonly used
assessment of patients’ basic functional mobility,'"”! which is sug-
gested to detecting differences in physical performance.™!!

The present meta-analysis pooled data from available clinical
evidence to investigate the effect of exercise training on cogni-
tive and physical alteration of MCI patients.

2. Method

2.1. Data sources and search strategy

This study was performed in accordance with the preferred
reporting items for systematic reviews and Meta analyses
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(PRISMA) standards.!"?! A systematic literature search was on
PubMed, Medline, EMBASE, Web of Science and Cochrane
Library databases for randomized controlled trials (RCTs) from
the inception dates to Oct 1st, 2021. The search included the
keywords “mild cognitive impairment,” “MCL” “exercise,”
“physical,” and “training.”

2.2. Eligibility criteria

The inclusion criteria were the following: (1) participants were
diagnosed with mild cognitive impairment of any type and stage;
(2) exercise interventions were performed without limitation to
exercise types, intensity, or duration; (3) studies reporting the
outcome of MMSE scores and TUG; (4) comparison with other
control intervention.

2.3. Outcomes definition

The outcome of cognitive status was defined using the MMSE
score, which comprises 5 domains (orientation, immediate
memory, attention/concentration, delayed recall, language)
and totaling 30 points.’! The outcome of physical status was
assessed by the TUG test, a performance-based measure to iden-
tify mobility and balance in older adults. Patients were required
to rise from a standard armchair, walk ahead 3 meters, turn
back, and sit down again. The time was recorded when the sub-
jects completed the test.!'"]
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2.4. Data extraction and quality assessment

Two independent reviewers performed the study selection, data
extraction and risk of bias evaluation. Information about the
authors, publication year, number of participants, age, gender,
exercise program, period of intervention, follow-up duration,
MMSE scores, and TUG test was extracted. Mean value and
standard deviations (SD) pre- and postintervention were calcu-
lated from each study for both experimental and control groups.
Review Manager 5.3 software (Cochrane Collaboration, UK)
was used to assess the quality of the included studies according
to the Cochrane criteria.l'¥l We assessed the following sources
of publication bias: selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other potential biases,
each study were then marked as low risk, unclear risk and high
risk. Any disagreements were resolved via the third reviewer.

2.5. Calculation of effect size (ES) and statistical analysis

The statistical analysis was carried out using Review Manager
5.3 software. Mean differences (MD) and standard deviations
(SD) were used to calculate the ES. A standardized effect for
each study, a pooled effect for the overall comparisons, and their
95% confidence intervals (ClIs) were calculated using fixed-ef-
fect models. Heterogeneity among studies was determined
using I? statistic, with significance set at P < .05.1"*! Changes of
MMSE scores and TUG test were conducted to investigate the
effect of exercise training for cognitive and physical function.

Records identified through database
searching (n=3045)

Additional records identified
through other source
(n=4)

Records after duplicates removed
(n=2217)

Records screened
(n=1231)

Records excluded:
Not RCT. no MCI
patients. no exercise
training, uncontrolled
study. others

<>

Full text articles excluded

Full-text articles assessed
for eligibility
(n=28)

with reasons:

 No MMSE and TUG test,

data missing. patients were
dementia

Studies included in meta-
analysis
(n=10)

Figure 1. The study search, selection, and inclusion process.
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2.6. Ethics and dissemination

The ethical approval was not necessary for this meta-analysis.

3. Result

3.1. Literature search and study characteristics

A total of 3049 titles and abstracts were screened, and the
detailed steps of literature search were shown in Figure 1. The
remaining 10 RCTs were included in this meta-analysis after
removing the irrelevant records,">2* and the detailed character-
istics were shown in Table 1.

A total of 635 patients diagnosed as MCI were included in
this meta-analysis, the mean age was 73.1 and 36.61% were
male. The exercise programs included aerobic, balance, strength,
endurance, flexibility, and combination training, with different
intensity. The length of the interventions ranged from 3 to 10
months, and the follow-up period ranged from 3 to 24 months.

3.2. Effects of exercise treatment on cognitive function

MMSE test was selected to evaluate the effects of exercise treat-
ment on cognitive function in patients with MCI (see Fig. 2). The
value for the change in overall effect size showed statistically

www.md-journal.com

significant (MD 0.71, 95% CI 0.57 to 0.85, P < .00001, I* = 95
%), indicating an improvement on cognitive function.

3.3. Effects of exercise treatment on physical function

TUG test was selected to evaluate the effects of exercise treatment
on physical function in patients with MCI (see Fig. 3). The value
for the change in overall effect size showed statistically significant
(MD -0.82, 95 % CI -1.20 to -0.45, P < .00001, I = 12 %),
indicating an improvement on physical function. No significant
heterogeneity was present among the papers (I> = 12 %, P = .33).

3.4. Study quality

Details about the risks of bias of the included studies are shown
in Figure 4. Because of the intervention, most of the studies used
single-blinded, randomized and matched-pair controlled design,
which may lead to high risks of performance bias. The study by
Bademli?”! was not blind and the data is incomplete.

4. Discussion

In this systematic review and meta-analysis, existing evidence
from 10 RCTs demonstrated that any type of long-term exercises

Characteristics of the included studies.

Author Year N Age Gender Intervention Duration Follow-up
Varela, S. 2012 48 78.3+9.5 43.75% 5 minutes warm-up, 20 minutes cycling, and 5 minutes cool-down 3 months 6 months
Suzuki, T. 2013 100 75.4+71 51.00% 10 minutes warm-up, 20 minutes muscle strength exercise, aerobic 6 months 24 months
exercise, postural balance retraining, and 60 minutes dual-task training
Lu, J. 2016 45 69.7+4.78 28.89% 5 minutes warm-up, 50 minutes dumbbell-spinning exercises and 5 3 months 3 months
minutes cool-down
Lazarou, I. 2017 129 66.9+10.1 21.71% 5 minutes warm-up, 45 minutes new material (figures/dances), and 10 10 10 months
minutes cool-down months
Yoon, D. 2017 30 76.0+3.56 NA 10 minutes warm-up, 40 minutes elastic band training and 10 minutes 3 months 3 months
H. cool-down
Bademli, 2018 60 71.5+6.0 41.67% 10min warm-up, 20 minutes rhythmic exercises, 10 minutes cool-down, 20 weeks 20 weeks
K. and 40 minutes free walking
de Oliveira 2019 19 75.9+6.1 42.11% 5 minute warm up, 20 minutes aerobic exercise, and 5-min warm-down 3 months 3 months
Silva, F.
Goldberg, 2019 60 76 (65-91) 56.67% Balance challenging, strength building, dual-task training and gait 12 12 months
S.E. reeducation months
Langoni, 2019 52 72.3+7.78 23.08% Strength exercises and aerobic training 6 months 6 months
C.D.S.
Lipardo, 2020 92 69+8.3 20.65% Multicomponent exercise program on balance, strength, endurance, and 3 months 12 months
D.S. flexibility

N = number of participants, age = years, gender = male%, min = minutes.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bademli 3.27 2845083 30 -1.18 1.570796 30 1.5% 4.45[3.29,561] -
de Oliveira Silva -0.5 296 12 1] 2.96 7 0.3% -0.50[3.26, 2.26) T
Langoni 31 2.4 26 -33 1.9 26 1.5% 6.40[5.22,7.58] -
Lazarou 046 3.208068 66 -1.27 3.8383539 63 1.4% 1.73[0.51,2.95) —
Suzuki 0.2 036 47 -0.3 036 45 941% 0.50[0.35, 0.65] -
Varela_high intensity  -0.08 4.808127 16 -2.4 4.484384 15  0.2% 2.32[-0.95 5.59] T
Varela_low intensity -0.53 5762222 17 -2.4 4484384 15  0.2% 1.87[1.69,5.43] 1T
Yoon_high speed 436 2061553 14 -1.15 1922758 7 06% 551[3.72,7.30 —_—
Yoon_low speed 3 329196 9 -1.15 1922758 7 03% 415[1.57,6.73) EEn—
Total (95% CI) 237 215 100.0% 0.71[0.57,0.85] '
Heterogeneity: Chi*= 176.67, df= 8 (P < 0.00001); I*= 95% t

Testfor overall effect: Z= 9.74 (P < 0.00001)

40 5 0 5 10
Favours [experimental] Favours [control]

Figure 2. Effects of exercise treatment on cognitive function for patients with MCI.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
de Oliveira Silva -1 06 12 -0.2 0.5 7 556% -0.80[1.30,-0.30) L |
Goldberg_high intensity supervision -1 1581138 15 6 2059126 14 01% -7.00(-20.43,6.43] —
Goldberg_moderate intensity supervision 1 6.708204 13 6 2059126 14  0.1% -5.00[16.39,6.39) —
Langoni -23 17 26 -02 22 26 12.3% -210[3.17,-1.03) -
Lipardo -1 3310583 23 0.5 4770744 23 25% -1.50[-3.87,087] -
0] -0.71 145 22 -035 1.78 23 157% -0.36[1.31,059) N
Varela_high intensity 0.09 7102288 16 0.23 8.810023 15 04% -0.14[-5.80,5.52) 1
Varela_low intensity 0.4 6921647 17 023 8.810023 15  05% 017537571 I
Yoon_high speed -1.37 2.340085 14 -0.89 1.4489586 7 53% -048[211,1.15) —
Yoon_low speed -0.77 1.269055 9 -0.89 1.449586 7 T76% 012[1.24,1.48] T
Total (95% Cl) 167 151 100.0% -0.82[-1.20,-0.45] |
Heterogeneity: Chi*=10.26, df= 8 (P = 0.33); F=12% -150 -1=D 1=IJ 2=IJ

Test for overall effect Z= 4.31 (P < 0.0001)

Favours [experimentall Favours [control]

Figure 3. Effects of exercise treatment on physical function for patients with MCI.
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Figure 4. Risk of bias summary: judgments about each risk of bias item for
each included studly.

(aerobic, balance, strength, endurance, flexibility, and combina-
tion training), with any intensities, significantly benefit cognitive
and physical performance in older adults with MCI.

The previous results of exercise interventions in elderly are
controversial,*’! possible explanation for this situation could be
the population, training protocol, therapy duration, and sam-
ple size. Considerable heterogeneity (I*> > 50%) in the results

of MMSE scores was detected in most of the included studies,
however, there were no insufficient data to conduct the sub-
group analyses. Therefore, more researches with larger sample
size are needed for the further study.

Although several studies have shown a beneficial effect of
physical exercise in old adults,?¢?7 this is the first study investi-
gating the overall effect for both cognitive and physical perfor-
mance in MCI patients. Cognitive and physical processes have
always appeared in a highly interlinked fashion, which could be
an effective target for rehabilitation interventions both directly
and indirectly.?8! Physical exercise triggers several molecular and
cellular cascades in hippocampus and cortex to exert beneficial
effects, lead to the improved cognitive capacity and modulate
disease progression.?*3% Increased cerebral blood flow, activa-
tion of brain area, and production of neurotrophic factors have
suggested to be possible mechanism for the exercise-induced
change in cognitive function.?!

Limitations of this study are as follows. Firstly, only 10
studies and 635 patients were included in the meta-analysis.
The small sample size makes it hardly to determine the source
of heterogeneity. Secondly, the included trials showed hetero-
geneity in cognitive performance. Finally, the quality of the
included studies was not ideal, and further qualitative studies
are necessary.

This systematic review demonstrated the exercise training in
people with MCI is feasible and successful in improving cog-
nitive and physical function. Furthermore, the standardization,
professionalization, and popularization of exercise program
to maximize the clinical use is critical, and finally promote the
change in clinical practice.
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