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Abstract

Background Exercise is a promising non-pharmacological intervention to delay the progression

of cognitive impairment and improve physical function and sleep quality in patients, but the

evidence remains inconclusive.

Aims To compare the therapeutic efficacy of an exercise intervention on physical performance,

sleep efficiency, and quality of life in older adults with cognitive impairment.

Design A three-arm randomized controlled trial.

Methods This study recruited 81 older adults with mild to moderate cognitive impairment at a

nursing home from December 2020 to July 2021. Participants were screened and randomized into

three groups: a tai chi intervention group (n = 27), a conventional exercise intervention group (n =

27), and a waitlist control group with no intervention (n = 27). The intervention groups underwent

12 weeks of exercise intervention. Participants were assessed at weeks 0, 6, and 12. The primary

outcome was the Short Physical Performance Battery score, and the secondary outcomes were

sleep efficiency and quality of life. Statistical analysis was conducted with generalized estimating

equations (GEEs).

Results The mean age of the participants was 81.0 £ 7.4 years. The GEE analysis revealed that the

Short Physical Performance Battery score, sleep efficiency, and quality of life were significantly

higher in both intervention groups than in the control group at week 12, and physical performance

improved significantly more in the tai chi group than in the conventional exercise group.

Conclusions Both exercise interventions improved physical performance, sleep efficiency, and

quality of life in older adults with mild to moderate cognitive impairment. According to our results,



tai chi may be a more effective therapeutic approach for cognitive impairment than conventional
exercise.
Keywords Cognitive impairment, tai chi, Physical functional performance, Quality of life,

Nursing intervention
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1. INTRODUCTION

1.1. Epidemiology of cognitive impairment

According to the World Health Organization (WHO, 2021), approximately 55 million people

worldwide have cognitive impairment, and this number is expected to grow to 78 million by 2030

and 139 million by 2050 [1]. The inevitable increase in the aging population results in an increase

in the number of people with cognitive impairment. The prevalence of cognitive impairment in

China—the country with the highest number of people with cognitive impairment worldwide—is

4.3%—6.3%, imposing a heavy burden on the public and the health care system [2]. In nursing

homes, the prevalence of cognitive impairment ranges from 50% to 84%, and most residents have

extensive physical performance impairments [3].

1.2. Physical and mental problems faced by people with cognitive impairment

Cognitive and physical performance impairments often co-occur in older adults; people with

cognitive impairment exhibit a greater decline in physical functional performance than cognitively

healthy adults, and their physical performance progressively deteriorates with disease severity

[4,5]. Nursing home residents tend to experience a decline in physical functional performance

over time [6]. Physical functional performance is a prerequisite for mobility and the successful

completion of activities of daily living [7]. Cognitive impairment can significantly influence

quality of life and increase the risk of disability, dependency, and mortality.

In addition to experiencing impairments in physical functional performance, most people with

cognitive impairment also face sleep problems [4]. Furthermore, they often spend less time in

slow-wave sleep and rapid eye movement (REM) sleep (dream sleep), and they have difficulty

falling asleep [5]. Sleep disorders are reported in 55.9% of people with cognitive impairment, and

this incidence is believed to be even higher among those living in nursing homes [8]. Previous



studies have demonstrated that sleep problems contribute to cognitive decline and may also

increase the risk of cognitive impairment by increasing f-amyloid levels [9]. In addition, disturbed

sleep is considered a consequence of cognitive impairment, and substantial evidence demonstrates

a bidirectional relationship between them [10]. Poor sleep quality was also verified to decrease the

quality of life of people with cognitive impairment [11].

1.3. Possible solutions---- tai chi

There are multiple theoretical targets for sleep enhancement in people with cognitive impairment.

Different with disadvantages of pharmacological interventions, interest in non-pharmacological

sleep-modifiers especially tai chi is intensifying with technological advances permitting

exploration of novel approaches [12]. Tai chi as a kind of non-pharmacological interventions that

offer a holistic approach by targeting sleep, physical and mental health of cognitive impairment

require rigorous investigation. The evidence-based benefits of physical activity for this field in

cognitive impairment have been observed [13]. Structured limbs exercise program for mild

Alzheimer patients achieved statistically significant improvements in the Pittsburgh Sleep Quality

Index (PSQI) with one study reporting co-existent improved actigraphy variables [12]. Studies

also explored the effects of tai chi interventions in people with dementia, and that intervention

might improve their quality of sleep and life, even for cognitive function [14].

2. LITERATURE REVIEW

To clarify suitable strategies that solve the challenges faced with cognitive impairment,

identification of potentially modifiable interventions especially exercise interventions that

stimulate physical and mental problems faced by people with cognitive impairment is imperative.

International literature was reviewed in accordance with the guidelines for Systematic Reviews



[15] that ensure quality through a standard list of 27 items. Two investigators (RG and YM),

doctoral students in nursing science for dementia, independently searched the literature in Eight

databases (PubMed/MEDLINE, Cochrane Library, Embase, CINAHL, Web of Science, China

National Knowledge Infrastructure, Wanfang, China Science and Technology Journal Database).

Terms from the Medical Subject Headings (MESH) or keywords such as cognitive impairment,

dementia, Alzheimer’s dementia, tai chi were used. The lists of articles included were studied in

order to identify the research related to the subject at hand.

2.1. Research progress of exercise

Currently, the only evidence-based behavioral intervention that has shown to provide some

improvement is that of physical activity [16]. Many studies have shown that exercise can improve

the lower limb muscle strength, balance, and coordination of patients with impaired cognitive

function [5,6]. Physical activity and conventional exercise have been proposed as

non-pharmacological strategies for disease prevention and management. Carvalho et al. suggested

that an exercise intervention combining aerobic, strength, balance, and postural exercises might be

effective in improving the functional capacity of people with cognitive impairment [12].

In addition, extensive evidence suggests that physical activity can slow the progression of

cognitive impairment [17]. Furthermore, group-based moderate-intensity aerobic exercise

programs can significantly improve health-related quality of life and cognitive function in people

with mild cognitive impairment [18].

2.2. Research progress of tai chi

Tai chi, an ancient form of Chinese mind—body exercise that has become increasingly popular in

the West, consists of a series of gentle movements aiming to strengthen and relax the body and



mind. It is a whole-body exercise that integrates breathing with harmonious movement of body

training. It is designed to loosen the joints, promote deep, relaxed breathing, and cure many

medical ailments. The Tai chi movements are used to aid the Qi in its journey (meridians),

dissolve blockages that can lead to sickness and disease, and increase general energy level. The

meditation component of Tai chi may have direct benefits by enhancing attention and executive

functions. Engaging in a group setting may have further benefits for cognition by improving mood

and coping skills through social interaction and support [19, 20].

A previous study exploring the effects of tai chi interventions on various outcomes in people with

cognitive impairment revealed that these interventions might improve the quality of life and sleep

of these individuals, as well as their cognitive function [21]. These movements are accompanied

by deep breathing techniques, which may eliminate tension, depression, anxiety, and melancholic

psychological states while improving immunity, enhancing physical fitness, and promoting a long

and healthy life [22]. Tai chi can be considered equivalent to moderate-intensity exercise and

meditation [23]. Most research on tai chi has focused on physical and mental health in healthy

older adults. In addition, several systematic reviews and meta-analyses have reported that tai chi

may promote balance and prevent falls [24] as well as enhance motor and non-motor function,

sleep, and quality of life in older adults with Parkinson’s disease [25] and stroke [26].

2.3. Summary on exercise especially for tai chi

Based on the literature, it is not difficult to draw the benefits of exercise for patients with cognitive

impairment. Nevertheless, the previous studies on exercise in people with cognitive impairment

have been limited by methodological flaws, such as insufficient statistical power, inadequate

controls, and the absence of control groups. Moreover, additional research is needed regarding the



extent to which people with cognitive impairment can retain improvements after an exercise

intervention. In addition, multiple targets for sleep enhancement in people with cognitive

impairment must be examined. Thus, non-pharmacological interventions that offer a holistic

approach by targeting physical function and sleep require rigorous investigation. Thus far, few

studies have investigated tai chi’s effects on outcomes in people with cognitive impairment.

3. PURPOSE

The purpose of this study was to investigate the feasibility and effects of a tai chi intervention on

physical functional performance (primary outcome) and sleep efficiency, and quality of life

(secondary outcomes) among people with cognitive impairment in China. The effects of the tai chi

intervention were compared with those of a conventional exercise intervention.

4.METHODS

4.1. Study design and duration

This study employed a three-arm, double-blind RCT design. The trial was registered at

http://www.umin.ac.jp/ctr/index.htm (ID no. UMIN000042051, first posted October 8, 2019) and

was preceded by a pilot intervention phase. It was conducted at the cognitive impairment unit of a

nursing home in Hainan province, China, between December 2020 and July 2021.

4.2. Setting and data collection

After screening and collecting baseline data, participants who met the inclusion criteria were

assigned numbers from 1-81, and a random number table was produced by random number

generation software. A block-randomization distribution was adopted to ensure that the number of

participants in each group was equal and to control for potential confounders. An independent

researcher who was not involved in the study placed the random computer-generated numbers into



opaque, sealed envelopes according to the chronological order of the participants’ recruitment.

The two interventions were conducted on different days of the week to prevent the participants

from knowing other participants’ group assignments or comparing themselves with participants in

other groups. The professional instructors and research assistants were informed about the study

protocols before the interventions. Research assistants involved in the collection of post-test data

were blinded to the group assignments.

4.3. Participants

Potential participants were recruited from the cognitive impairment unit of a nursing home in

Hainan province, China. The inclusion criteria were as follows: (a) age of >65 years; (b) the

ability to speak and understand Chinese; (c) a confirmed diagnosis of cognitive impairment and a

score of 10-23 points on the mini-mental state examination (MMSE, a test widely used to

diagnose cognitive impairment; <10 points indicates severe cognitive impairment and >24 points

indicates no cognitive impairment [27,28]); (d) the ability to see the body movement

demonstrations clearly and hear the coach’s instructions clearly (both of which were tested before

the intervention); (e) a physical condition that allowed the completion of the prescribed exercise

plan (as assessed before the intervention); (f) stable condition and medication doses for at least 30

days before the intervention; and (g) agreement to participate in the study and sign the informed

consent form. The exclusion criteria were as follows: (a) a diagnosis of severe illness or pain that

would prevent full participation in the exercise interventions (e.g., metastatic cancer or

musculoskeletal disorders) and (b) regular exercise over the past year (>30 min, 3 times per week

for over 3 months).

4.4. Intervention



A pilot study was conducted before the formal intervention to ensure the safety and feasibility of

our protocol. Six potential participants were randomly selected and allocated to a tai chi (TC)

group, a conventional exercise (CE) group, and a waitlist control group with no intervention, and

the pilot interventions were implemented for 1 week. The feedback obtained from participants was

discussed with the research team and a conventional exercise physiotherapist to modify the

program. After conducting the pilot study and finalizing the intervention programs, participants in

the TC and CE intervention groups attended three 50-minute intervention sessions per week for 12

weeks. The sessions were guided by a physiotherapist with more than 5 years of teaching

experience and appropriate qualifications. All physical therapists held a national advanced tai chi

coach certificate. Research assistants monitored participants during the intervention sessions to

ensure their safety.

Previous research has shown that eight-form tai chi is easy to learn and suitable for patients with

mild to moderate cognitive impairment [29]. Accordingly, we selected the eight-form tai chi

method created by China’s Physical General Office. The training was performed on Mondays,

Wednesdays, and Fridays, and the details of the intervention are summarized in Table 1. Each

session included a warm-up and cool-down, and the participants were instructed to slowly stretch

at a comfortable intensity rather than forcing themselves to perform the movements. They were

also advised to focus on their lower body while fully extending their upper body.

The conventional exercise intervention was based on relevant literature and was developed

through consultation with an exercise physiotherapist [30]. The intervention sessions took place

on Tuesdays, Thursdays, and Saturdays. The conventional exercise sessions included the same

warm-up and cool-down exercises as the tai chi intervention (Table 1).



The waitlist controls maintained their normal daily routine care and were given the option to

participate in either a tai chi or conventional exercise program after the 12-week assessment.

4.5. Sample size

A sample size of 81 was calculated with a power analysis using the F-test (one-way analysis of

variance [ANOVA], fixed effects, omnibus) with the G*power program [31]. Following the

methods of previous research, the participants were divided into three groups according to the

presence of multiple independent variables and multiple regression modeling with a medium

effect size (f2) of 0.36 [32], in which a was set to 0.05 and the power was set to 0.80. The results

indicated that each group required 26 participants. The reported turnover rate of older adults

participating in a similar study was 14% [33]; thus, the target number of participants in each group

was 30 (90 in total).

4.6. Outcome measures

Outcomes were assessed at three time points: at baseline before randomization (week 0), during

the intervention (week 6), and after the intervention (week 12). All outcomes were compared

between assessment points and between groups. The primary outcome was physical performance,

which was measured with the Short Physical Performance Battery (SPPB). The secondary

outcomes were sleep efficiency, measured by an ActiGraph GT9X+ (ActiGraph in America)

device, and quality of life, measured with the Quality of Life in Alzheimer’s Disease (QOL-AD)

questionnaire. An objective method was selected to measure sleep quality because people with

cognitive impairment typically have different degrees of cognitive impairment, and subjective

scales, such as the Pittsburgh Sleep Quality Index (PSQI), cannot reflect the real sleep conditions

of patients.



The Short Physical Performance Battery (SPPB)

SPPB is one of the most commonly used assessment tools to measure comprehensive physical

ability and can effectively quantify mobility among older adults, including their daily living ability,

degree of physical weakness, prediction of fall risk, and sports ability [34]. The evaluation

includes three sections: balance testing (in a parallel, semi-tandem, and tandem position for 10 s),

walking speed (4 m), and standing up from a chair (sit-to-stand five times). Each test is evaluated

separately. The overall SPPB score ranges from 0O to 12, and a higher score implies a greater

physical functional performance.

ActiGraph

ActiGraph is a wearable device used to record physical activity and sleep data. The device

leverages recent advancements in science and technology to measure sleep with high sensitivity,

comprehensive recording parameters, and a long monitoring time. Changes in sleep stages are

accompanied by alterations in body movements, allowing the patient’s sleep state to be indirectly

calculated by analyzing the activity parameters. Therefore, ActiGraph is a useful tool for

measuring sleep quality. As early as 2007, the American Academy of Sleep Medicine (AASM)

recommended using wearable devices as an auxiliary method for sleep evaluation [35]. Recently,

more studies have utilized wearable devices to track sleep, verifying their use for the collection of

objective sleep data in older adults with cognitive disorders [36].

This study used the ActiGraph GT9X+, which features a three-axis accelerometer, a gyroscope, a

magnetometer, data filtering technology, and Bluetooth Smart technology to provide information

on sleep latency, total sleep time, and sleep efficiency, as well as real-time participant data



feedback. When collecting data, the sampling interval of the accelerometer was set to 60 s, and the

sampling frequency was set to 30 Hz. ActiLife 6 software was used to analyze the data.

Quality of Life in Alzheimer’s Disease (QOL-AD)

The QOL-AD was developed by Logsdon and colleagues at the University of Washington, United

States [37], and Hu et al. translated and revised the scale to Chinese [38]. The scale includes 13

items, and each item is scored with a 4-point Likert scale, with 1 indicating ‘poor’ and 4 indicating

‘excellent’. The total score ranges from 13 to 52 points, and a higher score indicates a better

quality of life. The scale can be evaluated by patients or caregivers; regardless of the evaluation

method, the scale has good reliability and validity, with a Cronbach’s alpha ranging from 0.83 to

0.90. Many studies have used this tool to evaluate the quality of life of patients with cognitive

impairment.

4.7. Data collection

The research team contacted the director of the nursing home and obtained permission to conduct

the study after explaining the details of the protocol. The participants who met the eligibility

criteria provided informed consent. Finally, participants were randomly divided into (i) a TC

group, (ii)) a CE group, or (iii) a waitlist control group with no intervention. All participants

provided demographic data at baseline. They completed the SPPB and QOL-AD and wore an

ActiGraph device for 72 hours at three time points (0, 6, and 12 weeks).

4.8. Ethical considerations

The Institutional Review Board of Kobe University approved this study (approval number: 940),

which was registered in the University Hospital Medical Information Network (UMIN) Center

(registration number: UMINO000042051). Informed written consent was obtained from all
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participants. Codes were used to replace real names to ensure privacy. The data were locked and

will be destroyed 3 years after the end of the study.

4.9. Data analysis

The data were entered and checked in two ways. For missing data, if the missing data accounted

for less than one-third of the total data, the average of the available data was used to replace the

missing data; if the missing data accounted for over one-third of the total data, they were omitted.

Data were analyzed with SPSS version 26.0 (IBM Corporation). Baseline socio-demographic and

clinical characteristics are presented with descriptive statistics. The feasibility measures were

compared between the groups with one-way ANOVA, t-test, and Chi-square or Fisher’s exact

tests. To account for missing values and correlation between repeated measurements, generalized

estimating equations (GEEs) were used to compare the primary and secondary outcomes. The

baseline measurement, time (the number of weeks from baseline), group (control group, TC group,

or CE group), and group-by-time interaction were used as covariates. The group interaction,

indicating the difference in a given outcome between interventions over time, was the primary

measure of the intervention effect.

Missing values of quantitative data were not replaced because GEE analysis accommodates

missing data under the assumption that they are missing at random [39]. Missing values for the

SPPB, sleep efficiency, and the QOL-AD were managed by multiple imputations (SPSS PROC),

given that these observations would otherwise be omitted from the logistic regression analysis.

This study used valid questionnaires and exercise interventions validated by international

organizations. The study protocol was standardized, and the physiotherapist, research assistants,

and assessors were trained to ensure consistency. Furthermore, the measurement instruments were

11



valid and reliable, and all data were carefully checked immediately after collection. Finally,

throughout the study, the research team regularly met to assess the study’s progress and ensure

that it strictly followed the protocol.

5.RESULTS

Of the 91 patients in the cognitive impairment unit at the selected nursing home in Hainan

province, China, 10 (11.0%) were not eligible to participate. Among the remaining 81 patients, 6

were lost to follow-up (7.5%); however, their baseline characteristics and outcomes were similar

to those of the remaining participants. By the end of the study, 75 participants remained, with 26

in the TC group, 24 in the CE group, and 25 in the control group (Fig. 1). The attendance rate for

the TC group was 93.28%, and that for the CE group was 90.02%, with no statistical difference

between the two.

The descriptive characteristics of the participants are provided in Table 2. Most participants were

female (74.1%), and the mean age was 81.0 (SD: 7.4) years. The most common education level

was primary school (29.6%), and most of the participants were widowed (69.1%). The mean

MMSE score was 16.8 (SD: 3.3), the mean SPPB score was 7.8 (SD: 1.9), the mean sleep

efficiency was 72.2% (SD: 11.9%), and the mean QOL-AD score was 31.9 (SD: 4.7). At baseline,

the study groups had similar demographic and clinical characteristics.

According to the results of the paired t-test, the TC group had a higher SPPB score at week 12

than at baseline (P < 0.001). Furthermore, the TC group had higher SPPB scores than the control

group at weeks 6 and 12, although these differences were modest; the adjusted mean differences in

SPPB scores between these groups were 0.7 at week 6 (95% CI, 0.4-1.0; P < 0.001) and 1.5 at

week 12 (95% CI, 1.1-1.9; P < 0.001). The CE group also had a slightly higher mean SPPB score

12



at week 12 than at baseline, although the difference was not significant (P = 0.083). The CE group

had a modestly higher score than the control group only at week 12; the adjusted mean difference

between the two groups was 0.8 (95% CI, 0.4-1.2; P < 0.001). Finally, the TC group had a

significantly higher SPPB score than the CE group at week 12 (95% CI, 0.3—-1.1; P = 0.001). The

SPPB score was lower at week 12 relative to baseline in the control group; however, the

difference was not significant (P = 0.083). After the intervention, the GEE analysis indicated that

the mean SPPB score differed significantly between the three groups (Pgroup < 0.001); the detailed

results are presented in Table 3.

The mean sleep efficiency significantly increased in the TC group from 72.9% at baseline to

90.2% at week 6 and 93.9% at week 12 (P < 0.001). The TC group had a higher sleep efficiency

than the control group at week 12 (adjusted mean difference, 7.6%; 95% CI, 4.0%—-11.3%, P <

0.001). In addition, the mean sleep efficiency increased significantly in the CE group from 70.6%

at baseline to 90.0% at week 6 and 92.0% at week 12 (P < 0.001), and the CE group had a higher

sleep efficiency than the control group at week 12 (adjusted mean difference, 5.8%; 95% ClI,

1.6%-10.0%; P = 0.007). No significant difference in sleep efficiency was observed between the

TC and CE groups at week 6 or 12. Although all three groups showed significant changes in sleep

efficiency from baseline to week 12, the GEE analysis still revealed significant differences

between these three groups after the intervention (P = 0.004).

The mean QOL-AD score increased significantly in the TC group from 33.0 at baseline to 36.4 at

week 12 (P = 0.009). The adjusted mean difference in the QOL-AD score between the TC group

and the control group was 4.1 at week 12 (95% CI, 2.1-6.1; P < 0.001). The mean QOL-AD score

increased significantly in the CE group from baseline to week 12 (P < 0.001). The adjusted mean

13



difference in the QOL-AD score between the CE and the control group was 4.9 at week 12 (95%

ClI, 2.7-7.2; P < 0.001). No significant differences were observed between the TC and CE groups

during the intervention. The control group had a slightly higher QOL-AD score at week 12

relative to baseline, but this difference was not significant (P = 0.548). Furthermore, both the TC

and CE groups showed significantly increased QOL-AD scores compared with the control group

at week 12 in the group interaction effect (Pgroup= 0.001).

6.ADVERSE EVENTS

No adverse events were reported during the study period.

7.DISCUSSION

To the best of our knowledge, this is the first study to compare the effects of tai chi and

conventional exercise interventions in older adults with mild to moderate cognitive impairment

living in a nursing home in China. Our findings demonstrated that compared with no intervention,

both eight-form tai chi and conventional exercise significantly improved physical function, as

measured by the SPPB. The practice of tai chi can induce relaxation in the body, leading to the

release of endorphins and reducing the production of stress hormones such as cortisol [40]. In

addition, the slow, flowing movements and deep breathing in tai chi help activate the

parasympathetic nervous system, which is responsible for the body’s rest-and-digest response [41].

By activating this relaxation response, tai chi can effectively counteract the body’s stress response

system, allowing individuals to achieve the calm state necessary for quality sleep. Moreover, the

results suggest that tai chi may be more effective than conventional exercise to manage physical

function in older adults with mild to moderate cognitive impairment. The interventions adopted in

this study also improved sleep efficiency and quality of life in people with cognitive impairment.

14



Our results showed that a 12-week tai chi or a conventional exercise intervention significantly

improved physical function in older adults with mild to moderate cognitive impairment, in line

with previous studies [40,41]. Furthermore, eight-form tai chi, a form of non-pharmaceutical

therapy and mind-body exercise, could be a more suitable and effective approach to managing

physical function than conventional exercise.

However, studies on the effects of physical exercise in older adults with cognitive impairment

have reported inconsistent results [42]; this may be due to the types of tai chi exercises, as

previous studies have investigated 10- or 24-form tai chi. Although 24-form tai chi is the most

common form, it may be too complex for people with cognitive impairment, considering that this

population often experiences different degrees of cognitive impairment. Accordingly, eight-form

tai chi could be more feasible for this population.

Moreover, the participation rate has a large impact on the effectiveness of exercise interventions.

Previous research suggested that a higher participation rate and stronger exercise adherence lead

to better exercise-related effects [43]. In the present study, the attendance rate was 89.5% (SD:

11.5%). Other studies have implemented interventions for community-dwelling people with

cognitive impairment, reporting that home-based training is associated with lower attendance,

greater chances of missing sessions, and insufficient levels of exercise required for effective

treatment [44,45].

Prior research has shown that older adults are more prone to sleep problems. Cognitive

dysfunction, along with changes in the pineal region, the production of melatonin, receptor

activity, the loss of cholinergic neurons, and other mechanisms, can cause sleep disorders in older

adults. In this study, we observed a significant increase in sleep efficiency in all three groups after

15



the 12-week intervention. However, sleep efficiency improved more in the TC and CE groups than

in the control group. These findings align with those of previous studies that have reported an

improvement in sleep quality with exercise interventions, including tai chi [46,47].

Although no consensus has been reached on the effect of exercise on outcomes in people with

cognitive impairment [48,49], our findings on the beneficial effects of tai chi and conventional

exercise on sleep efficiency are consistent with those of previous studies [50,51]. However, other

studies comparing tai chi with similar forms of low- to moderate-intensity exercise have reported

that the outcomes did not differ significantly between groups. Thus, the current evidence is not

sufficient to conclude that tai chi has more beneficial effects on cognitive impairment outcomes

than conventional exercise (or vice versa); additional rigorous RCTs are needed for more in-depth

analysis.

This study was initiated at the beginning of 2020 when nursing homes carried out a month-long

series of COVID-19 prevention and control measures, such as temporarily canceling group

activities and restricting family visits, to provide better protection for this vulnerable population.

These factors could have contributed to a lower sleep efficiency at baseline compared with a

similar study [52]. We could not control these circumstances, and thus more research in the

absence of such confounding factors is necessary.

The quality of life of people with cognitive impairment is a dynamic and multidimensional

concept that is vital to their overall well-being [53]. Our results revealed that both interventions

significantly improved quality of life from baseline, in line with the existing literature [54-56].

Previous studies have reported that exercise improves physical and mental health-related quality

of life, including psychological well-being [55,56]. Therefore, exercise training is thought to have
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the potential to improve quality of life. Breathing movements change at a different rate as

breathing increases during the intervention, and this is thought to reduce participants’ tension and

anxiety. Exercise, especially group training, can not only enhance the exercise intensity of older

adults with cognitive impairment but also promote communication and encourage individuals to

participate in future exercise sessions. Thus, group exercise creates a sense of enjoyment, trust,

and belonging, enhancing physical and mental health [57].

According to our findings, an eight-form tai chi intervention could be used to improve physical

function, sleep efficiency, and quality of life in people with mild to moderate cognitive

impairment. This intervention is simple and safe, and no adverse events were reported during the

study. Future research is needed to further explore the mechanism through which exercise

improves cognitive impairment outcomes and to facilitate the future application of exercise

programs. In addition, this intervention or similar tai chi programs should be recommended in

different nursing homes in China and other countries.

8. LIMITATIONS

This study has several limitations. The relevant literature in the field of mathematical statistics

indicates a substantial effect size of f2 = 0.36, which may lead to inadequate statistical power;

however, we ensured that the inclusion criteria for participants and test data were applied and

measured by authoritative international standard scales and experts in cognitive impairment to

minimize the issue of statistical power. After a review of related literature, we decided on a

moderate effect size of 2 = 0.36. After eliminating group differences among study participants, tai

chi was revealed as a viable preventative intervention for a broad range of individuals against

cognitive impairment.
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All the participants were residents of one nursing home in a single city, so the results may not be

generalizable to a broader population; a cluster or multi-center study could provide results that are

more representative of people with cognitive impairment in other settings or regions.

Unfortunately, our results and especially our baseline data were affected by COVID-19, so future

studies that are not limited by COVID-19-associated restrictions are needed, along with follow-up

interventions, to draw more convincing conclusions. Another major challenge is that although

both exercise interventions utilized moderate-intensity exercise, we have not yet compared the

true differences between tai chi and conventional exercise. Conventional exercise is specifically

targeted at patients with cognitive impairment and can be conducted in two ways: exercising while

standing upright and exercising while sitting in a wheelchair.

To maintain balance between the two groups and ensure their safety, we selected patients with

mild cognitive impairment who could stand upright and tried to make the exercise form closer to

the movement structure of tai chi as much as possible. This prevented a scenario in which the tai

chi intervention was completely conducted in a standing position while the conventional exercise

was performed in a seated position. Although we cannot definitively state that tai chi is a more

effective intervention, the TC group in our study exhibited superior outcomes regarding their

physical performance, sleep, and quality of life. Therefore, tai chi may be a potentially

advantageous intervention. Therefore, we hope to conduct more rigorous and scientific research in

the future to explore this topic in greater detail.

9. CONCLUSIONS

This double-blinded, three-arm RCT showed that a 12-week tai chi program and a 12-week

conventional exercise program improved physical performance, sleep efficiency, and quality of
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life in older adults with mild to moderate cognitive impairment. Furthermore, we observed that tai

chi was more effective for the management of physical function than conventional exercise. This

program is inexpensive, safe, and easy to implement in nursing homes, making it a promising

adjunct therapy for older adults with cognitive impairment. Long-term follow-up studies are

needed to verify the beneficial effects of tai chi on cognitive impairment outcomes.
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TABLE 1  Outline of Tai chi and conventional exercise intervention

Warm-up (5-min)

1. Gently relax ankles, wrist, waist, knee flexion and extension
2. By expanding the range of motion as you move around the shoulder, hip
3. From stretching to the main movement

Tai chi training (40-min)
1. Starting posture
Forearm rollings on both sides

Brush knee and twist step on both sides

2
3

Tai chi group 4. Part the wild horse’s mane on both sides
5 Cloud hands
6 Kick with heel
7 Grasp the bird’s tail--left and right side,
8. Cross hands and closing form

Cool-down (5-min)

1. Gently relax ankles, wrist, waist, knee flexion and extension
2. By expanding the range of motion as you move around the shoulder, hip
3. From stretching to the main movement

Warm-up (5-min) Same as Tai chi group

Conventional exercise (40-min)

1. Sit in a chair for 10-minute with muscle strength training (https://www.youtube.com/watch?v=h3dCIlIGyj3c)
2. Standing exercises for 10-minute (https://youtu.be/LgYo5fOhAfw)
Conventional exercise group
3. 10 minutes radio gymnastics (https://www.youtube.com/watch?v=feSVtC1BSeQ,
https://www.youtube.com/watch?v=dzQIMo-Xvyg)
4. Walk with music for 10 minutes
Cool-down (5-min) Same as Tai chi group
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TABLE 2 The demographic characteristics of the recruited sample at baseline
Characteristic Total Control Group TC Group EX Group P
(n=81) n=27) (n=27) (n=27)
Age, mean (SD)* 81.0 (7.4) 80.9 8.4 78.6 (7.0) 83.3 (6.2) 0.064
Female, n (%)° 60 (74.1) 19  (70.4) 18  (66.7) 23 (85.2) 0.238
Education level, n (%)® 0.604
Illiteracy 15 (18.5) 2 7.4 6 (22.2) 7 (25.9)
Primary school 24 (29.6) 9 (33.3) 9 (333) 6 (22.2)
Junior high school 13 (16.0) 6 (22.2) 2 (7.4) 5 (18.5)
High school 17 (21.0) 6 (22.2) 6 (22.2) 5 (18.5)
Bachelor and above 12 (14.8) 4 (14.8) 4 (14.8) 4 (14.8)
Marital status, n (%)° 0.257
Single 15 (18.5) 7 (25.9) 4 (14.8) 4 (14.8)
Married 5 6.2) 2 (7.4 0 (0) 3 (11.1)
Divorce 5 (6.2) 1 3.7 1 3.7) 3 (11.1)
Widowed 56 (69.1) 17  (63.0) 22 (8l.5) 17 (63.0)
Activity, n (%)° 0.530
Yes 51  (63.0) 17 (63.0) 15 (55.6) 19  (70.4)
No 30  (37.0) 10  (37.0) 12 (444 8  (29.6)
Energy, n (%)° 0.627
Excellent 4 (4.9) 2 (7.4 1 3.7 1 3.7
Good 55 (67.9) 16  (59.3) 18  (66.7) 21 (77.8)
Fair 19  (23.5) 7 (25.9) 7 (25.9) 5  (18.%)
Poor 3 3.7 2 (7.4 1 3.7 0 (0.0)
MMSE? 16.8 (3.3) 17.2 3.7 17.2 3.2) 16.1 (3.0) 0.393
SPPB* 7.8 (1.9) 7.4 (2.0) 7.9 (1.6) 7.9 2.1) 0.593
SE, n (%)* 722 (11.9) 732 (11.0) 729  (10.9) 70.6  (13.8) 0.688
QOL-AD? 31.9 4.7 314 (5.0) 33.0 (5.1) 313 (3.8) 0.348

Note: SD, standard deviation.

?0One-way analysis of variance (ANOVA) was used.

bChi-square or Fisher’s Exact tests were used.

MMSE=Mini-Mental State Examination, scores on the MMSE range from 0 (severe impairment) to 30 (no

impairment).

SPPB=Short Physical Performance Battery, theoretical range 0-12, higher score indicates higher physical function.

SE=Sleep Efficiency, range from 0% (severe impairment) to 100% (no impairment).

QOL-AD=Quality Of Life in Alzheimer’s Disease, theoretical range 13-52, higher score indicates better quality of

life.
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TABLE 3 Participants’ short physical performance, sleep efficiency, and quality of life in Alzheimer’s disease before, during and after intervention

Outcome Control Group TC Group EX Group Poroup TC Group vs. Control Group EX Group vs. Control Group TC Group vs. EX Group
(n=27) (n=27) (n=27) Adjusted Mean P Adjusted Mean P Adjusted Mean P
Difference (95% CI) Difference (95% CI) Difference (95% CI)
Mean SPPB (SD) <0.001*
Week 0 7.4(0.4) 7.9(0.3) 7.9(0.4) 0.5 (-0.8 to 1.8) 1.000° 0.4 (-0.8to 1.7) 1.000° 0.0(-1.2to 1.3) 1.000°
Week 6 7.4 (0.3) 8.4(0.2) 8.0 (0.3) 0.7(0.4t01.0) <0.001° 0.4 (0t0 0.7) 0.077 0.3 (-0.1t0 0.8) 0.109
Week 12 7.1(0.3) 9.0(0.2) 8.2(0.3) 1.5(1.1t0 1.9) <0.001* 0.8(0.4t01.2) <0.001° 0.7(0.3t0 1.1) 0.001°
t 1.813 -5.525 -1.806
P 0.083¢ <0.001¢ 0.083¢
Mean SE (%) (SD) 0.004*
Week 0 73.2(2.1) 72.9 (2.1) 70.6 (2.6) -0.3(-83t07.7) 1.000° 2.3(-5.7t010.3) 1.000° -2.6 (-10.6 to 5.4) 1.000°
Week 6 88.4 (1.7) 90.2% (1.0) 90.0 (0.9) 1.9 (-2.0t0 5.7) 0.343 1.8 (-2.1t0 5.6) 0.363 0.1 (-2.6t02.8) 0.943
Week 12 86.3 (1.7) 93.9(0.8) 92.0 (1.3) 7.6 (4.0t0 11.3) <0.001° 5.8 (1.6 to 10.0) 0.0072 1.8 (-1.0to 4.6) 0.205
t -4.885 -11.807 -8.242
P <<0.001¢ <<0.001¢ <<0.001¢
Mean QOL-AD (SD) 0.001*
Week 0 31.4(0.9) 33.0 (1.0) 31.3(0.7) 1.6 (-1.5t04.7) 0.63b 0.0 (-3.13t0 3.0) 1.000b 1.6 (-1.5t04.7) 0.612b
Week 6 32.5(0.7) 33.8(0.9) 33.5(1.0) 0.6 (-1.5t02.7) 0.566 1.0 (-1.0t0 3.0) 0.319 -0.4 (-2.8t0 1.9) 0.734
Week 12 31.7(0.9) 36.4 (0.6) 36.5(1.0) 4.1(2.1t06.1) <0.001* 4.9 (2.7t07.2) <0.001* -0.8 (-3.2t0 1.6) 0.498
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t -.610 -2.854 -5.061
P 0.548¢ 0.009¢ <0.001¢

2Generalized estimating equations (GEEs) (three groups).
"multiple comparisons was used.

‘matched samples t-test was used.
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SUPPLEMENTART FILE
To all those who have worked with us

Research representative: Graduate School of Health Science, Kobe University

Advanced courses in doctoral program Gao Ran

With the approval of Kobe University Graduate School, we are currently studying exercise in
older adults. The aim is to study the effects of exercise on the physical and mental health of
older adults and improve these effects.

The specific method is as follows.

1. Do it three times a week (Monday, Wednesday, Friday) for 50 minutes for 12 weeks.

2. In the first, sixth and twelfth weeks (the details will be provided at the time of
implementation), install a machine (such as a watch) for three days to measure the
participants' activities. This will not interfere with daily life and is very safe.

3. The questionnaire takes 15 minutes and the physical function measurement takes 15
minutes, for a total of 30 minutes.

You can stop participating in this study at any time. Even if you do not participate, there is
no benefit. There is no cost burden or adverse effect on the individual participant.

The researchers protected personal information and anonymized and managed the data
obtained from the survey. The data was stored for five years before being discarded. The
results will be submitted as a doctoral dissertation and presented at academic conferences, and
will not be used for any other purposes except for research purposes.

After fully understanding the content of this study, please decide whether to participate or
not. If you can participate, please sign the consent form. Thank you for your cooperation.

In addition, if you want to read the research plan or have any questions, please contact.

Professor, Department of Nursing, Graduate School of Health Science, Kobe University
Greiner Chieko
Tel. FAX: 078-796-4520

E-mail: greiner@harbor.kobe-u.ac.jp

Co-researcher (information desk)

Postgraduate course in Nursing, Graduate School of Health Science, Kobe University
Gao Ran

Tel: 090-1572-3283 (direct)

E-mail: 176k056k@ stu.kobeu.ac.jp

Professor, School of Nursing, Hainan Medical University

Zhang Hua

Dean of Affiliated Nursing Home of Hainan Medical University
Gao Shuying
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Questionnaires (English version):
General information questionnaire
Dear elderly friends: Hello! Please answer the following questions and fill in or tick "V" in

the corresponding column. (This survey is only for research, please fill in truthfully, thank
you!)

1. Your age () years old

2 Your gender

1. Male 2. Female

3. Your educational background

1. Mliteracy 2. Elementary school 3. Secondary school
4. High school 5. College 6. Bachelor degree or above

4. Your marital status

1. Married 2. Unmarried 3. Divorced 4. Widowed

5. Your children's situation

1. Yes 2. No

6. Do you smoke

1. Never smoked 2. Occasional

3. Smoking 4. Quit smoking

7. Do you exercise regularly?

1. No 2. Yes Min / week

8. How is your sleep?

1. Not good 2. General 3. Good

9. Do you usually take part in various social activities held by nursing homes? If so, please
fillin ( )

1. Participatedin ( )

2. Never participated

10. How do you think your health is?

1. Very good 2. Good 3. Poor 4. Very poor
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Quality of life scale

(Quality of Life in Alzheimers Disease, QoL-AD)

Quality of life: AD (senior access version)

Name Implementation date Year Month Day

Ask the investigator to conduct the interview according to the standard instructions: ask the

participant “M” to answer

. . beyond
1. Physical health difference same as good
compare
difference same as good beyond
2. Energy
compare
. difference same as good beyond
3. Emotions
compare
. . difference same as good beyond
4. Living conditions
compare
difference same as good beyond
5. Memory
compare
. . . difference same as good beyond
6. Family relationships
compare
. difference same as good beyond
7. Marital status
compare
. . . . difference same as good beyond
8. Relationships with friends
compare
. difference same as good beyond
9. Overall feelings about yourself
compare
. difference same as good beyond
10. Ability to do housework
compare
11. Ability to engage in differenc same as good beyond
recreational activities e compare
. .. differenc same as ood beyond
12. Economic conditions g 4
€ compare
. differenc same as ood beyond
13. Overall state of life g 7
€ compare

count
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Questionnaires (Japanese version):

WAL BARA~

MAEREKE MFRFRFHREFHER
HERERYRE ®E

FILITBE, P RFRFBEOEREZG T, mlnE OEIICET 282D TR %
T, BEDEEE O LRHICKETHREFEL, ZNOEZHEL TN ZEZHBE L
TWET,

AR FEFLL T O@ Y T3,

1. E3EA, K, eMER), 5053, @kt 12 BHOEER 21TV 720 &N ET,

2. %1, 6, 12HEOKHZ (AR NFILFERT HRFICBEAELET) . SIME~TE
8 2 0 5 B (BERRFREOD & 9 7Ze¥) 2 3 HHEEE L& 3, 2T H HAERIS BT R L e
PEH BT,

3. HRIMGHALC 15 43, ROEEDRIEIT 16 43, AFHK 30 31300 b £9,

ZOMEA~OSIMINVOTHHRBRIZBY DD ENTEET  BMLAEVWEATHLAR
FRSIEH 0 A, ZME~OBAOEHAHSCAFTIRIEZTH Y A,

MREIIEAEREEL, AEICL > THONET—XFEALL, BELET, 5
ERRE L7 BICERELE T, MR e LTRIEL, #2%FTARLET, M5
DOHPLPAMIFERA L EE A,

AIEONE %+ SN EC BT 5020 TAFOBEETRBROL S
W, BIETET 2 FIXREBEECY A v 2BV LET, ZHOEzBENLET,

Fo B EELFHATWGAESRCIAHO S ERHD E L6, UTFETITEET
Wy,

PE KPP RFBER 0 FiE PR B0%
TIAF—RET

TEah » FAX 1 078-796-4520

E-mail : greiner@harbor. kobe—u. ac. jp
JLFEIAFFEE (FRRRAEN)

CUIVRPNE SV NE S OS2I E o 2 Sa b NG & Tt o L 3 Y PN o e
e

HEE - 090-1572-3283 ([ELiH)

E-mail : 176k056k@ stu. kobeu. ac. jp
WrEER R BTt Bz

AR HE

W ER R M E R Bk

e IR
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—IRFHRAER
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1. BMNERA 2. BE, WoTWET
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9. HRFITHR TITo WAL RIEE) (F—2728) IZ&MLTWETH, L

TWSFHIZEERRNEE (

) CITRALTEE,

(W< DTYH)

1. BMLTWS (

)

2. ZMLEREN

10. bRI-OHREDCEFIIL

5T 2

1. £THEW

2. Xw 3.

G

4, L THEWN

40




SRAVE D QOL REE

(Quality of Life in Alzheimers Disease, QOL—-AD)

Quality of Life : AD

1D

i B

®

A A

HRIOBEL Fy ARDOZ LIZOVWTRVET, ZBRBLETEIEDSHDICOZDIF T

N

1. B RRofERR I FhEHIW v FEECIO
2. &7 - ]_7] - TR I EFhbEDH I Fuvy o JEREIZEW
3. Ko E<72n EFhEH LW Fwv FEEIZEV
4. ETERE K<y EFhEH I X FEFEICEW
5. FifE E<72n EFhEH LW Jwv FEEIZEW
6. FiK E< 7wy FEFhbEH I vy JEEIZE W
7. KEHE K< EFhEHLW Jvy FEEIZEW
8. KA I EFhEH I Fuvy o JEEIZEW
9. BHHEHICE L TaK < FhFEHLv X FEEIKID
10. REET DN k<R FhEHLIV XV FEEITEW
11. fPELWZ & 2T 58 E<72n EFhEH LW Fwv o FEEIZEW
12. B& Iy EFhbEL I vy EEIZEW
13. BENPDLBREE TOEEFETRT L<ARW bbbl X FEFICIWL

Eﬂl'
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Short Physical Performance Battery
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