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Exercise improves cognitive function in aging patients
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Abstract: A decline in cognitive ability commonly occurs among older individuals. This study sought to explore the
restorative effects of exercise in older patients with existing cognitive disabilities. Ninety-six patients with mild cog-
nitive impairment were placed in an exercise program for six months. Following completion of the program, par-
ticipants were assessed via the Chinese Mini Mental Status Examination (MMSE), Activity of Daily Living (ADL) as-
sessment, and body movement testing and compared to a control group of patients with mild cognitive impairment
who did not participate in the exercise program (N = 102). Statistical analyses were performed using the Student’s
t-test and chi-square test to compare results between groups. Compared with control group, patients who exercised
showed improved cognitive function in immediate memory (p < 0.001) and delayed recall (p = 0.004) function. In
addition, activities associated with daily living showed improvement (p < 0.001), as did body movement (p < 0.05),
arm stability (p < 0.001), and the appearance of rotation (p < 0.05). Based on these results, we conclude that par-
ticipation in an exercise program can improve patients’ cognitive function, physical abilities, and body movement

capacity.
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Introduction

As brain function declines with age, so does
cognitive function. Cognitive decline represents
the decreased ability of the human brain to
store, process, and extract information, mani-
fested as decreases in executive function, lan-
guage understanding and expression, cognitive
and processing speed, learning, and memory
[1]. As the average human lifespan increases
and the world’s aging population grows, issues
surrounding the health and care of the aging is
gaining increasing attention. Cognitive impair-
ment is an early sign of dementia, and no suc-
cessful treatment options have yet been identi-
fied for senile dementia. Early detection and
intervention are essential to help slow the prog-
ress of cognitive decline. Previous studies have
reported that early exercise intervention can
improve cognitive function and significantly
improve quality of life [2, 3]. In this study, we
conducted a longitudinal survey of a group of
aging patients between March and December
of 2013 to explore the effect of an exercise pro-
gram on cognitive function.

Subjects and methods
Study participants

This longitudinal study recruited 1362 individu-
als ages 65 years and over who were randomly
selected from a community home between
March and May 2013. Any patients exhibiting
respiratory, cardiovascular, or metabolic dis-
eases or other severe illness were excluded
from the study, as were physical education
teachers and servicemen who had existing
exercise habits. After exclusion, 1106 individu-
als (504 males and 602 females, ages 65 to 86
years) completed the survey. The mean age of
survey participants was 70.03 + 10.51 years.
Participants were screened using the Chinese
Mini Mental Status Examination (MMSE) and
204 participants were found to have mild cogni-
tive impairment. From these, 102 subjects with
mild cognitive impairment were randomly
selected for the experimental group, while the
remaining 102 were assigned to the control
group. There was no significant difference in
age, gender, education level, or marital status
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Table 1. Study participant demographics at baseline

Assessment of daily liv-

Normal cogni- Mild cognitive Moderate to severe

ing activities

Charac- tive function  impairment cognitive impair- X° p

terstic  N=851)  (N=204)  ment(N=51) Eg‘ayrfx);egdsﬁgfg"al)g

A 43.20 <0.001

ge ) [6] was used to assess
65-75 571 (67.1%) 91(44.61%) 22 (43.14%) operational abilities. A
76-86 280 (32.9%) 113(55.39%) 29 (56.86%) score of 1 point was

Gender 49.32 <0.001 considered as normal,

Male 408 (47.94%) 149 (73.04%)
Female 443 (52.06%) 55 (26.96%)

37 (72.55%)
14 (27.45%)

while 2-4 points were
considered as function-

between the two groups (p > 0.05). The study
design was approved by the ethics committee
of the community home. All subjects and their
families provided written informed consent.

General participant information

A general information questionnaire was used
to collect information on gender, age, marital
status, education level, and history of coronary
heart disease, hypertension, diabetes, and
surgery.

Assessment of cognitive function

The Chinese Mini Mental Status Examination
(MMSE), prepared by Folstein et al., is a widely
used screening tool used in the examination
and diagnosis of cognitive deficit [4]. MMSE is
used to evaluate time, orientation, immediate
memory, attention and calculation ability, short-
term memory, language repeating, reading
comprehension, presentation skill, operational
capabilities, and other cognitive skills. The
exam is able to distinguish between the normal
characteristics of aging people and those of
dementia patients [5]. The overall scores
ranged from O to 30 points, depending on edu-
cation level: illiteracy (uneducated) < 19 points,
elementary school (£ 6 years of education) <
22 points, and secondary school and above (>
6 years of education) < 26 points were consid-
ered as cognitive impairment. llliteracy 17-19
points, elementary school 20-22 points, sec-
ondary school and above 24-26 points were
considered as mild cognitive impairment.
llliteracy < 17 points, elementary school < 20
points, and secondary school and above < 24
points, were considered as severe cognitive
impairment. All neurocognitive assessments
were performed by senior physicians.
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al decline. A score of 20
indicated completely no-
rmal function, and more than 20 points indi-
cated functional decline of different degrees.
Some contents in ADL, for example, those who
could not take a bus or go shopping due to
inability of observing or performing can be eval-
uated based on other contents that had been
completed, or may be asked to complete a sep-
arate project to replace the scores.

Measurements of somatic movement

The following tools were used to collect infor-
mation on somatic movement: a DDX-200 com-
puter multifunction tester for physiological and
psychological capabilities, mental rotation test
cards, and two stopwatches. The test proce-
dures included: arm stability, hand-foot cross
motion, and mental rotation, in which the
experimenter randomly presents cards of dif-
ferent rotation angles between 60° and 300°
and the subjects are timed in their ability to
turn the cards back to 300°. All cards were
used 3 times, and the average time obtained.

Exercise training for those with mild cognitive
impairment

The 102 subjects with mild cognitive impair-
ment in the experimental group participated in
an exercise program for six months between
July and December 2013. Before training, 204
subjects with mild cognitive impairment under-
went MMSE, ADL assessment, and somatic
movement assessment to provide a baseline
measurement of ability. The exercise program
consisted of jogging for 30 minutes and shad-
owboxing for 60 minutes once a week. Exercise
sessions were supervised by professional staff
that provided encouragement and support
throughout the program. Six participants
dropped out of the program, two due to foot
injuries and four due to loss of interest. After
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Table 2. Cognitive function scores among study participants with mild cognitive impairment (X £ s)

Directional Immediate Calculation Delayed Language and structure
Group . .
force memory ability recall understanding

Control (n = 102) 9.03+1.72 211+0.76 268+140 1.62+1.10 7.75 £ 1.59
Experimental (n=96) 9.35+2.04 258+0.71 3.02+1.21 2.06+1.03 8.05+1.94
t -1.20 -4.49 -1.82 -2.90 -1.19
p 0.233 < 0.001 0.070 0.004 0.234
Score score

121 T =0 E

17 3.0/

104

g4 2.0

81 1.0

71

6 0+

Control group Experimental group

Figure 1. Directional force among study participants
("p < 0.05).

score
4.07

3.51
3.0+
2.51
2.07
1.51

1.0+

Control group Experimental group

Figure 2. Immediate memory among study partici-
pants ("p < 0.05).

score
5.01 *

4.00
3.01

2.04

0+

Control group Experimental group

Figure 3. Calculation ability scores among study par-
ticipants ("p < 0.05).

completion of the six month program, 96 pro-
gram participants and 102 control individuals
underwent MMSE, ADL assessment, and of
somatic movement assessment for a second
time.
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Control group Experimental group

Figure 4. Delayed recall scores among study partici-
pants (“p < 0.05).

score

1.9 *
10.0

9.0q

7.01
6.07
5.0

Control group Experimental group

Figure 5. Language and structure understanding
scores among study participants ("p < 0.05).

Statistical methods

Data were entered into an Epidata 3.1 (The
Epidata Association, Odense, Denmark) data-
base using double entry method and logic
checks. Data were analyzed using SAS 9.2 (SAS
Institute, Inc., Cary, North Carolina, USA).
Student’s t-test and the x? test were applied for
identifying differences between groups. A p
value < 0.05 was considered statistically
significant.

Results
Participant demographics

The study included 1106 individuals, 504
males (45.57%) and 602 females (54.43%),
ages 65 to 86 years (mean age 70.03 £ 10.51
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Table 3. Body movement analysis (X * S)

years). Initial MMSE screening

Control group Experimental

revealed 851 subjects with nor-

Variables (n = 102) group (n = 96) T P mal cognitive function, 204 sub-
Al(s) 796.72 + 338.26 679.64 +314.37 252  0.013 Jects with mild cognitive impair-
B 30.83+14.21 3543+1353 233  0.021 msggra:"eﬂdtomse Vse“rzjeitj nm‘sg
C(s) 23.60+12.97 2925+1761 258 0.011 MOGe co8

) impairment. The overall incidence
D (min) 10.59 + 6.87 1492 +737  -428 <0.001 of cognitive impairment was
E (s) 2.23 + 1.05 191+083 237  0.019

A: Total numbers of the hands and feet crossover, B: The correct numbers of
the hands and feet crossover, C: The mean numbers of the hands and feet

movement, D: Arm stability, E: The appearance of rotation.

Total numbers
1100

1000

900

8001

700

600

5001

400°

Control group Experimental group

Figure 6. Total numbers of the hands and feet cross-
over test ("p < 0.05).

The correct numbers

60 *
504 I '
40+

301

20

10+

0

Control group  Experimental group

Figure 7. Correct numbers of the hands and feet
crossover test ("p < 0.05).

The mean numbers

607 *
50 '
401

30

201

101

Control group Experimental group

Figure 8. Mean numbers of the hands and feet move-
ment test (‘p < 0.05).
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23.06%. There were statistically
significant differences in the dis-
tribution of age and gender
among those with normal cogni-
tive function, mild cognitive im-
pairment, and moderate to severe cognitive
impairment (P < 0.001; Table 1).

MMSE scores of subjects with mild cognitive
impairment improve with exercise

The cognitive function of study participants
with mild cognitive impairment was improved
after participation in the exercise program.
Improvement was seen in both immediate
memory (p < 0.001) and delayed recall (p =
0.004) (Table 2; Figures 1 through 5).

ADL scores of subjects with mild cognitive
impairment improve with exercise

After participation in the exercise program, the
mean ADL was 28.58 + 2.97, while the mean
ADL in the control group was 32.79 + 3.25.
Thus, measurements of daily life abilities in the
experimental group were also improved com-
pared to the control group (t = 9.50, p < 0.001).

Somatic movement improves following partici-
pation in an exercise program

The somatic movement of participants with
mild cognitive impairment was significantly
improved after exercise training intervention.
Specifically, measurements of the time of hand-
foot cross motion (p = 0.013), correct number
of times of hand-foot cross motion (p = 0.021),
average time of hand-foot motion (p = 0.011),
arm stability (p < 0.001), and mental rotation (p
= 0.019), were all significantly improved (Table
3, Figures 6 through 10).

Discussion
With aging, the brain undergoes physical ch-

anges leading ultimately to cognitive impair-
ments of varying degrees. Cognitive function
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Arm stability
404

304

20

Control group Experimental group

Figure 9. Arm stability among study participants ("p
<0.05).

The appearance of rotation (s)
5

44

Control group Experimental group

Figure 10. Appearance of rotation ("p < 0.05).

can range from mild to severe cognitive impair-
ment (Alzheimer’s disease). Recent reports in
China indicate that the incidence of mild cogni-
tive impairment is up to 10%-30% [7] and about
15% of cases of mild cognitive impairment
evolve into Alzheimer’s disease every year [8].
The cognitive function of patients with
Alzheimer’s disease is severely impaired and
accompanied by abnormal behavior, which
takes a toll on the quality of life of the individual
and on those who care for them [8]. As such,
early intervention for cognitive function decline
in aging people must be prioritized.

In this study, the cognitive function of individu-
als with mild cognitive impairment was
improved after six months of exercise training.
Specifically, improvement in the immediate
memory and delayed recall was seen along
with improvement in daily living activities.
Somatic movement was also improved and
there was significant improvement in the over-
all time of hand-foot cross motion, correct num-
ber of times of hand-foot cross motion, average
time of hand-foot motion, arm stability, and
mental rotation. These results are similar to
those obtained by Guiney, Zhang, Nannan, and
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Scherder et al. [2, 9, 10]. Baker et al. [11] have
reported that, after six months of aerobic and
stretching exercises, aging patients with cogni-
tive impairment improved in the accuracy in
verbal fluency test and in the number of correct
answers in the 120 s in Symbol Digit Modality
Test.

Shadowboxing, gigong (a Chinese kung fu), and
several other comprehensive activities involve
aerobic exercise, flexibility, and energy. Studies
have shown that long-term shadowboxing is
conducive to the protection of cognitive func-
tion of the aging [12]. Aerobic activities are
hypothesized to delay encephalatrophy in spe-
cific areas of the brain, thereby preserving cog-
nitive function [13]. Exercise may also help to
reduce cardiovascular risk factors (such as
hypertension) and thus relieve brain ischemia
and hypoxia and preserve white matter [14]. In
addition, cognitive function in the aging is asso-
ciated with changes in hippocampal volume of
the brain. Erickson et al. investigated the effect
of one year of walking therapy on spatial mem-
ory of 55-80 year olds, and found that the left
and right hippocampal volume increased and
that the fore-hippocampus area was selectively
activated [15]. The accuracy of spatial memory
tasks were likely related to changes in the left
and right hippocampal volumes. Even among
healthy older individuals, hippocampal volume
shrinks at an annual rate of 1% to 2%, thus
increasing the risk of Alzheimer’s and mild cog-
nitive impairment. Erickson’s study suggests
that aerobic exercise intervention can effec-
tively increase hippocampal volume, and com-
bat the natural degeneration rate.

In summary, the results of this study indicate
that participation in an active exercise program
can effectively improve cognitive function
among aging patients with mild cognitive
impairment and help to combat the onset of
dementia. Encouraging older individuals to par-
ticipate in activities such as jogging, shadow-
boxing, and other aerobic exercises can help to
improve cognitive function, activities of daily
life, and somatic movement, allowing patients
to preserve their independence and quality of
life. This serves not only to improve upon the
individual's overall sense of well-being and
physical health, but also to offset the burden
on caretakers and family members responsible
for their care.
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