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META-ANALYSIS

The Value of Sports and Functional Exercise on
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ABSTRACT

Objective « To explore the value of sports and functional
exercises in preventing falls in elderly patients with
cognitive impairment.

Methods « PubMed, EMBASE, Cochrane Library, China
National Knowledge Infrastructure, VIP, Wanfang
Database, and China Biomedical Literature Database
(CBM), from inception to January 2023, were used to
search the randomized controlled trials (RCTs) of sports
and functional exercises in elderly patients with cognitive
impairment. Two independent researchers extracted the
data and evaluated the quality of the included literature.
RevManb.4 software was adopted for data analysis.
Results « The results indicated that exercise combined with
functional exercise could noticeably enhance the fall effect
score and shorten the Timed Up and Go Test (TUGT) time
of elderly patients with cognitive impairment compared to
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INTRODUCTION

A serious tumble can lead to catastrophic events such as
fractures and even death in the elderly, which is an urgent
public health problem to be solved today.' There are many
studies on the incidence of tumble among the elderly.
However, because the study of the elderly population is

simple drug treatment (P < .05). Our results showed that
the exercise combined with functional exercise can
noticeably prolong the standing time of elderly patients
with cognitive impairment upon monocular eye closure.
Our results also showed that exercise combined with
functional exercise can noticeably improve the fear of falls
in elderly patients with cognitive impairment.

Conclusion « Sports and functional exercise intervention
can promote the balance ability and fall self-efficacy of
elderly patients with cognitive impairment and have a
positive effect on enhancing patients’ fear of falls. The
findings need to be further verified and methodological
quality needs to be improved. In addition, longer
intervention times are required to verify the findings.
(Altern Ther Health Med. [E-pub ahead of print.])

different, the research results are also different. Every year,
about 1/3 of people over the age of 65 years tumble which is
accompanied by serious physical injuries. Some studies have
indicated that the incidence of tumble in elderly women is
higher than that in men and the incidence of tumble
increases gradually with the increase of age.> Tumbles are
steadily increasing in both developed and developing
countries and falls and injuries among the elderly are
increasing as well

Tumbles mainly occur at home, on roads, in hospitals, in
nursing homes, in bedrooms, and in other adverse living
environments. The studies have indicated that about 44% of
tumbles among the elderly in China occur in their own homes
and living rooms, restaurants, and bedrooms are the most
obvious indoor places. About 22% to 67% of tumbles occur on
outdoor streets or sidewalks.” After an elderly individual
tumbles, soft tissue injury and even fracture can be caused, in
which hip fracture is one of the most common and serious
injuries.® In addition, after a tumble, there will be persistent
physical pain, even paralysis and other health problems and
eventually the elderly may lose the ability to live independently.”
The key source of income among the aged in our country is
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family pension. Once the elderly at home falls, it will increase
the economic burden on the family.

Cognitive impairment is a vital risk factor for tumbles in
the elderly. The incidence of tumbles in the elderly with
moderate to severe cognitive impairment is at least twice that
of the healthy elderly and the annual fall rate of the former is
as high as 60% to 80%.° The consequences of tumbles in the
elderly with cognitive impairment are very serious. Compared
with the elderly without dementia symptoms, the incidence
of hip fracture in patients with senile dementia is 3 times
higher.” However, since their recovery after the tumble is not
promising, they need to enter professional nursing institutions
for long-term rehabilitation treatment. Thus, it can be
noticed that the incidence of tumbles in the elderly with
cognitive impairment is higher and the harm is greater. In
China, the research on tumbles in the elderly started relatively
late and related studies focused on the effects of traditional
sports such as epidemiology, risk factors, preventive
measures, and tai chi on body balance and muscle strength of
lower extremities. Some scholars on the tumble of the elderly
suggested preventive measures and multiple combined
exercises derived from general sports to special exercises and
core strength exercises.'’ In addition, some studies have also
discussed the tumble risk factors of the elderly from different
angles, and some of the research results have been widely
adopted. It has provided a certain theoretical and practical
basis for research on the prevention of falls by exercise.!' The
exercise methods include aerobic exercise, resistance exercise,
core strength, and balance exercises. Using the meta-analysis
method, we evaluated the existing research on sports and
functional exercises in elderly cognitively impaired patients.
The clinical value of sports and functional exercise have been
evaluated in preventing tumbles among elderly patients with
cognitive impairment to obtain more reliable conclusions
and the best evidence.

MATERIALS AND METHODS
Sources and retrieval methods of documents

PubMed, EMBASE, Cochrane Library, China National
Knowledge Infrastructure, VIP, Wanfang Database, and
China Biomedical Literature Database (CBM), from
inception to January 2023, were used to search the randomized
controlled trials (RCTs) on sports and functional exercises in
elderly patients with cognitive impairment. Literature
retrieval was conducted when forming free and subject
words, with the keywords: functional exercise; sports; and
cognitive impairment.

Inclusion and exclusion criteria

Inclusion criteria. (1) The type of study: all RCTs of
sports and functional exercise in elderly patients with
cognitive impairment in China. There was only one language
available, Chinese; (2) subjects: elderly patients with
Parkinson’s disease (PD) met the diagnostic criteria of PD
made by the neurology branch of the Chinese Medical
Association and Parkinson’s disease group;' (3) intervention:

based on simple drug treatment, the treatment group
combined with sports and functional exercise such as
Taijiquan, Baduanjin, and yoga, while the control group only
received simple drug treatment.

Exclusion criteria. (1) No randomized control trial was
conducted; (2) incomplete report; (3) the content of the
research was repeated and the most recent research was
presented; (4) the study did not seem to have a noticeable
curative effect.

Quality evaluation and data extraction

(1) Bias risk assessment contained in the study: To
conduct the evaluation, Cochrane System Review Manual 5.3
recommended that bias risk assessment be adopted. (2)
Literature screening and data extraction: it was conducted
independently by two authors who screened literature,
gathered data, assessed quality, and compared the results. It
is important to resolve differences of opinion or seek the help
of a third researcher when there are differences. A document
management system called Note Express was used to manage
and extract research data, along with Excel’s Office suite for
data analysis. Should the literature contain incomplete data,
the writer of the article will be contacted. During data
extraction, we gathered (1) basic information such as author,
publication date, and number of cases; (2) intervention
measures such as dose and course of treatment; and (3)
outcome index.

Statistical analysis

Meta-analysis was carried out using RevMan 5.4
software. The mean difference (MD) along with 95% Cls was
calculated for continuous data. Cochrane’s Q, tau-squared,
and I-squared () were used to assess the heterogeneity.
Heterogeneity values of 25%, 50%, and 75% are indicative of
low, moderate, and high heterogeneity, respectively. P > .10,
I?< 50% showed that research results did not reveal statistical
heterogeneity, and in such cases, combined analyses were
conducted using the fixed-effect model; otherwise, the
random-effect model was used. To assess funnel plot
asymmetry, Eggers’ test was used.

RESULTS AND ANALYSIS
The literature retrieval and the basic situation of
literature inclusion

An analysis of 2783 articles was conducted using a
computer database; 312 were selected after eliminating
repeated studies; and 103 titles and abstracts were collected
from preliminary reading literature. Several irrelevant
studies, reviews, case reports, and control literature were
excluded from the review. In the beginning, there were 57
articles included in the review. After carefully reading the full
texts, 50 articles with incomplete data or no key outcome
indicators were eliminated, leaving 7 RCTs."*"* Meta-analysis
included 575 samples in total. Table 1 summarizes some of
the main characteristics of the literature.
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Table 1. Basic Characteristics of Literature

Include the Year of Intervention method Outcome | Experimental | Random | Blind
literature publication | n (C/T) Control group Treatment group index time ornot | or not
Song Bo 2020 55/55 Routine health guidance Routine health guidance + moderate physical exercise [©10) 12 months Yes No
Guan Xihong 2017 40/40 Basic drug therapy + routine walking Basic drug therapy + simplified 24-style Taijiquan training OB® 24 weeks Yes No
Li Bo 2017 30/30 | Routine treatment in the Department of Neurology Routine treatment + Taijiquan training 12 weeks Yes No
Zhu Xiaogang 2017 50/50 | Routine nursing in the Department of Neurology | Routine nursing + yoga training in Department of Neurology | (D2)3)#®)(5)| 24 weeks Yes No
Shi Xiaoyan 2017 52/52 Walking practice Baduanjin Movement 12 weeks Yes No
Ji Sugiong 2016 19/19 Basic drug therapy Basic drug therapy + Taijiquan training L@@ 3 months Yes No
Zhang Xiya 2020 41/42 Balance pad training Balance pad training + Baduanjin exercise @066 3 months Yes No

Abbreviations: C is control group; T is treatment group; (1) Balance function score; (2) Fall rate; (3) MFES score; (4) FOF cases; (5) TUGT time; (6) Walking ability

Figure 1. Risk of Bias Chart
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Evaluation of the quality of the methodology contained
in the literature

The literature review found seven RCTs, of which one
involved “random assignment” with no explanation. The
interventions and follow-up periods of 7 RCTs were detailed.
A total of seven RCTs failed to explain in detail why blind
methods were used or why follow-up was lost or withdrawals
occurred. Jadad’s scale indicates that 7 articles have RCTs < 2
points. In Figures 1 and 2, we show the results of the risk bias
analysis.

Results of meta-analysis

Balance score. There were seven RCT studies contained,
with 575 samples. The balance ability score of the meta-
analysis indicated that y*= 1014.48, df = 4, P < .00001, I*=
100%, indicating that the research data used in the study
showed distinct heterogeneity. In the test of combined effect
dose (weighted mean difference, WMD), Z = 12.57 was used
as the combined effect dose test, which was derived using the
fixed effect model (P <.00001). Compared with drug therapy
alone, there exhibited a noticeable difference in the effect of
sports and functional exercise on the balance ability of
elderly patients with cognitive impairment. The 95%
confidence line of WMD fell to the right of the invalid line,
showing that increasing sports and functional exercise based
on routine basic drug therapy could remarkably promote the
balance ability of elderly patients with cognitive impairment,
as indicated in Figure 3.

Fall performance score. Seven RCT studies contained a
total of 575 samples. The fall performance score was measured
by meta. The results of the heterogeneity test indicated that:
¥*=29.87,df =3, P <.00001, and I*= 90% with heterogeneity
among the research data. The test of combined effect dose
WMD was Z = 12.50 (P <.00001). Compared with basic drug
therapy alone, sports combined with functional exercise

Figure 2. Risk of Bias Summary Chart

bias)

and personnel

Other bias

Bo L2017

@ | ® | Incomplete outcome data (attrition bias)

Bo Song2020

@ | ® | @ | Random sequence generation (selection bias)

@ | @ | @ | serective reporting (reporting bias)

Sugiong Ji2016

® 0 O ® ciningor

Xiaogang Znu2017

XGaoyan Shi2017

Xihong Guan2017

® O O S ®| ®| @ ~ocationconceaiment(selection bias)
® O O ® ® @@ sindingoroutcome assessment (detection bias)

Xya Zhang2020

Figure 3. Forest Plot of Meta-Analysis of Balance Ability Score
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Figure 4. Forest Plot of Meta-Analysis of Fall Performance
Score

Mean Difference
1V, Fixed, 95% CI

Experimental Control Mean Difference
Studyor Subgroup  Mean  SD Total Mean SO Total Weight IV, Fixed, 95%Cl
B0 L12017 773 136 30 564 132 30 371%  200(1.41,277)
B0 50192020 0 0 55 0 0 55 Not estimadle
Suglong Ji2016 0 0 Not estimable
JGaogang Zhu2017 763 136 50 484 132 50 619%  279(226,332
aaoyan SN2017 1324 35 52 M3 32 52 01% 1940(651,3229)
Ghong Guan2017 9831 1039 40 8552 963 40 09% 1279(840,17.18) -
3ara Zhang2020 0 0 a2 o 0 4 Notestimadle

Total (95% C1) 288 287 100.0%
Heterogeneity. Chi = 20.87, df= 3 (P < 0.00001); F'= 90%
Testfor overall effect Z= 1250 (P < 0.00001)

2.64(2.22,3.05) |

-100 -50 0 50 100
Favours [experimental] Favours [control]

could remarkably enhance the fall performance score of
elderly patients with cognitive impairment. As the 95%
confidence horizontal line of WMD falls on the right of the
invalid line, and hence the conclusion is invalid (P < .05), as
indicated in Figure 4.

Timed Up and Go Test (TUGT) time. The TUGT time
between meta-analyses was used. The results of the
heterogeneity test indicated that the research data contained
distinct heterogeneity. x> = 7.94, df = 1, P = .005, I = 87%.
This indicated that the research data contained in the study
showed distinct heterogeneity. An analysis of the combined
effect dose (WMD) was conducted using a random effect
model. WMD (combined effect dose) was calculated at Z =
451 (P < .00001). It was considered that there exists a
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Figure 5. Forest Plot of Meta-Analysis of TUGT Time
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Figure 6. Forest Plot of Meta- Analysis of Standing Time with
One Eye Closed
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Figure 7. Forest Plot of Meta-Analysis of FOF Score
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Figure 8. Inverted funnel Plot of Fall Rate in Elderly Patients

with Cognitive Impairment
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noticeable difference in the TUGT time of sports and
functional exercise intervention in elderly patients with
cognitive impairment compared with basic drug therapy
alone, indicating that exercise and functional exercise
intervention could remarkably shorten the TUGT time of
elderly patients with cognitive impairment, as indicated in
Figure 5.

Standing time with one eye closed. Meta was adopted
to analyze the standing time with one eye closed. The results
of the heterogeneity test indicated that y*= 18.09, df =2, P =
.0001, and I*= 89%, implying that the research data contained
distinct heterogeneity. Random effect models were used to
calculate the combined effect dose WMD. The combined
effect dose (WMD) was calculated as Z = 13.66 (P < .00001).
It was considered that there exists a noticeable difference in
the WMD of standing time with monocular eye closing in
elderly patients with cognitive impairment treated with

sports and functional exercise compared with basic drug
therapy alone, indicating that sports and functional exercise
intervention could remarkably prolong the standing time
with monocular eye closure in elderly patients with cognitive
impairment, as indicated in Figure 6.

Fear of fall (FOF) score. The results of the heterogeneity
test indicated that y*>= 19.49, df = 3, P = .0002, and I* = 85%,
indicating that the research data used in the study has
distinct heterogeneity. A random effect model was used to
calculate the combined effect dose WMD. In the combined
effect dose test (WMD), the Z value was 10.67 (P < .00001).
It was considered that there exists a noticeable difference in
WMD of FOF score between sports and functional exercise
intervention in elderly patients with cognitive impairment
compared with basic drug therapy alone, indicating that
sports and functional exercise intervention could remarkably
enhance the fear of fall score in elderly patients with cognitive
impairment, as indicated in Figure 7.

Publication bias. Based on the study of the patients
tumble rate as the outcome index, the publication bias
analysis was carried out by using the inverted funnel chart.
The results indicated that in addition to Egger’s test showing
P =.0005, there may be some publication bias in the figure,
as indicated in Figure 8.

ANALYSIS AND DISCUSSION

Tumbles are usually the result of a combination of risk
factors, including muscle strength, history of falls, gait
disorders, balance disorders, visual disorders, arthritis,
depression, cognitive impairment, age, and external
environment. With the increase in the number of fall risk
factors, the fall risk increases gradually. Cognitive impairment
is also a potential risk factor for falls among the elderly, as
pointed out by a recent review study.”’ In addition, Park et al.
confirmed that global cognitive impairment was combined
with an augmented risk of tumble and fracture caused by the
fall?! Among them, attention and executive function are
most related to tumbles. The incidence of tumbles in the
elderly with moderate to severe cognitive impairment is at
least twice as high as that in the healthy elderly and is more
harmful."! The annual fall rate of the former is even as high
as 60%-80%.>

In recent years, with the continuous development of fall
self-efficacy research, the research focus has gradually shifted
from medical care to exercise. However, different exercise
methods have differences in outcomes concerning improving
the fear of falls among the elderly. The common tools for
evaluating the fall self-efficacy of the elderly include the fall
self-efficacy scale, the Modified Falls Efficacy Scale (MFES),
the international fall self-efficacy scale, and the Chinese
version of MFES, but there is still a lack of self-designed tools
to evaluate the social background of aging in China.”® The
Chinese version of MFES was introduced and translated by
Chinese scholars with good reliability and validity. It is
suitable for the elderly in China and can be adopted as a tool
for evaluating fall self-efficacy.
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At present, the research on the influencing factors of fall
self-efficacy of the elderly includes age, sex, fall history,
disease, physical activity, psychology, and so on. The fear of
tumbles in the elderly will lead to a decrease in fall efficiency,
which will lead to a series of negative physical and
psychological effects. The research on tumble self-efficacy
started early in some countries, and the content is also more
in-depth. Li et al.** through the study of 59 elderly people in
the community who were afraid of tumbles over 65 years old,
the control group did not take exercise intervention, while
the intervention group received balance exercises 3 times a
week 45 minutes each time for 3 months.* The results
indicated that the score of the international fall efficacy scale
in the intervention group was remarkably improved,
indicating that balance exercise reduced the fear of tumbles
in the elderly. Shen et al. conducted a study in which the
elderly were treated with physiotherapy and Pilates exercise
for 6 weeks respectively.®® The results indicated that after the
implementation of Pilates exercise, the psychological fear of
tumbles in the elderly was remarkably reduced.

At present, Chinese scholars’ research on fall self-efficacy
is mainly based on risk factors from the aspects of health
education, psychotherapy, cognitive behavioral therapy, and
scientific exercise by reducing risk factors. Taijiquan exercise,
as a continuous aerobic exercise, has been adopted by most
scholars and applied to the study of the impact of falls on the
elderly. Chinese scholar Ma et al.* visited and investigated the
elderly in the elderly activity center and community.*® 53
elderly volunteers were included in the exercise intervention
experiment. The control group maintained their normal living
habits. 10 weeks later, the one-leg support time, 10 m round-
trip walking time, straight flexion flexibility, and reaction
ability were evaluated, and the Taijiquan group was compared
with the control group. The balance ability, lower limb muscle
strength, flexibility, and reaction ability were remarkably
enhanced in the Taijiquan group, and the anti-fall ability was
remarkably promoted. In another study, 32 elderly people were
chosen and assigned to a control group (n = 16) and an
experimental group (n = 16). The control group maintained
their normal living habits and the experimental group
performed Taijiquan exercises 3 times a week, each of 1 hour
time duration for 16 weeks. Self-efficacy tests were performed
before and after the experiment which included standing on
one foot with eyes closed, sitting up 5 times, sitting forward,
standing up-walking, and dual-task walking. The results
indicated that Taijiquan improved the lower limb muscle
strength, balance ability, posture control ability, and fall self-
efficacy of the elderly in the experimental group and effectively
reduced the risk of tumbles and fear of fall.””

Thus, it can be noticed that physical exercise is important
in preventing falls among the elderly population.** Sports can
reduce the occurrence of falls by improving motor function
and balance ability. In addition, there is evidence that exercise
intervention can also enhance cognitive function, reduce
reaction time, promote the executive function of protective
reflexes, and thus reduce the injury caused by falls.*

This study statistically measures the combined effect dose
using the fixed effect model, and there were noticeable
differences in the effects of exercise and functional exercise on
the balance ability of elderly patients with cognitive impairment
compared with simple drug therapy. Meta-analysis indicated
that exercise combined with functional exercise could
noticeably enhance the fall effect score of elderly patients with
cognitive impairment compared with simple drug treatment
(P < .05). From the meta-analysis of TUGT time, a noticeable
difference can be observed in the WMD between exercise and
functional exercise intervention in elderly patients with
cognitive impairment, suggesting that exercise and functional
exercise intervention can noticeably shorten the TUGT time in
elderly patients with cognitive impairment. The current meta-
analysis also reveals that the WMD of the standing time of
monocular closed eyes in elderly patients with cognitive
impairment after exercise and functional exercise therapy is
noticeably different from that of basic drug therapy, suggesting
that exercise and functional exercise intervention can
noticeably prolong the standing time in elderly patients with
cognitive impairment upon monocular eye closure. There
exhibited a noticeable difference in the WMD of FOF score in
elderly patients with cognitive impairment after exercise and
functional exercise, suggesting that exercise and functional
exercise intervention can noticeably improve the fear of falls in
elderly patients with cognitive impairment.

The study performs the publication bias analysis using
the inverted funnel chart and the resulting graph obtained
was not completely symmetrical, and Egger’s test showed P =
.0005. This implies that the publication bias may impact the
current meta-analysis results. Hence, the conclusions should
be drawn carefully due to a few limitations of this study. The
key limitation is that most of the references cited in this study
pertain to single-center research, and there is a certain
amount of variation in the sample size. To overcome this
shortcoming, as part of our future research, we will conduct
many prospective studies, and this will hopefully enable us to
draw valuable conclusions from our work.

CONCLUSION

The study conclusively shows that sports and functional
exercise have high application value in preventing tumbles in
elderly patients with cognitive impairment, which can
remarkably reduce the fall rate, enhance their balance ability,
and effectively alleviate the patients’ fear of tumbles. Further
verification will require more studies and follow-ups of
higher methodological quality.
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