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Abstract

Background

The risk of falls is a global public health issue, with over 38 million disability-adjusted
life years lost annually due to falls. However, older adults with mild cognitive impair-
ment (MCI) are more likely to fall and suffer more severe injuries compared to cogni-
tively normal older adults, which also has an impact on their quality of life.

Methods

This study was a randomized, controlled trial with two parallel groups, allocated

in a 1:1 ratio using a concealed allocation mechanism and assessor blinding. 53
participants were randomly assigned to the 12-week Wugqinxi exercise group or the
12-week stretching exercise group. Overall cognitive function, risk of falls, and quality
of life were assessed at baseline and at post. Independent t-tests and non-parametric
tests were used to compare the outcome variables between the two groups.

Results

There were no significant differences in baseline demographic characteristics or
assessment indicators between Wuginxi exercise group and stretching exercise
group (P>0.05), indicating comparability between the groups. After 12 weeks of inter-
vention, the Wuqinxi exercise group showed significant improvements in primary out-
come measures, including cognitive function and risk of falls (P<0.001). In the SF-12
quality of life, Wuqinxi exercise group showed statistically significant improvements

in six dimensions (P <0.05), including general Health (GH), physical Function (PF),
role Physical (RP), body Pain (BP), role Emotional (RE), and mental Health (MH). In
two dimensions insignificant vitality (VT, P=0.649) and social function (SF, P=0.089).
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The median and interquartile range after intervention were also overall better in the
Wugqinxi exercise group. In addition, the Mini-Mental State Examination (MMSE) was
significantly negatively correlated with Timed Up and Go TestTimed Up and Go Test
(TUG) (r=-0.52, p<0.01) and significantly positively correlated with Modified Falls
Efficacy Scale (MFES) (r=0.463, p<0.05). The improvement in quality of life in the
BP and SF dimensions was significantly positively correlated with the increase Mon-
treal Cognitive Assessment (MoCA) and MMSE respectively (BP-MoCA: r= 0.406,
p<0.05; SF-MMSE: r= 0.399, p<0.05).

Conclusion

The Wugqinxi exercise is a feasible and acceptable intervention for improving cognitive
function, preventing falls, and enhancing quality of life in older adults with MCI. Our
study’s findings emphasize the importance of Wugqinxi exercise in older adults’ health
management and confirm the feasibility of a large-scale andomized controlled trial.

Introduction

Mild cognitive impairment (MCI) is often used to refer to the transition stage between
normal cognitive function and clinically possible Alzheimer’s disease (AD) [1]. The
prevalence of MCI in adults over 65 years old is 3% — 19% [2]. Over time, some
elderly people with MCI have stable or recovered cognitive function, but more than
50% of them will progress to AD within five years [3]. The incidence of MCI varies
across different living conditions. Overall, the incidence of MCl among Chinese
people aged 60 and above is 15.5% [4]. Among 802 elderly residents in Huangpu
District, Shanghai, who were surveyed, the incidence of MCI was 31.8% [5]. Among
1,064 elderly people in rural Shanxi, the incidence of MCl was 17.6% [6]. If MCl is
not intervened in time, the decline in cognitive function may affect lower limb function
(such as walking speed [7,8] and balance ability [9]).

Muscle weakness and impaired balance are well-studied risk factors for falls.
[10]. The lower limb muscle strength and postural stability of the elderly are
closely related [11,12]. Weak lower limb strength is regarded as a significant
risk factor for falls among older adults [13—-15]. However, a weakened sense
of balance is one of the important factors contributing to the increased risk of
falls among the elderly [16,17]. According to an estimate by the World Health
Organization, there are 684,000 fatal fall injuries annually, and more than 38
million disability-adjusted life years are lost each year due to falls, making
it the second largest non-intentional cause of death after road traffic inju-
ries [18]. Approximately 15% of people aged 65 and over have fallen at least
once in the past 12 months [19]. People with MCI have a higher risk of falling
[20,21]. Compared with cognitively normal elderly people, MCI increases the
risk of falling by more than two times [20,22], which indicates that people with
MCI have a higher risk of falling and face more dangerous situations. Conse-
quently, their quality of life will be seriously affected, placing heavy burdens
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on individuals and families. Taking effective interventions for MCI with older adults may significantly reduce the
incidence of dementia. According to a new study published in the Journal of the American Medical Association,
exercise intervention is the most effective method for reducing the risk of falling in older adults [23]. Integrating
exercise interventions can improve the literature on cognition and quality of life. Older adults are not suitable for
high-intensity or complex exercises, whereas traditional Chinese Qigong is a slow, low-intensity exercise suitable
for the elderly [24,25].

We plan to conduct a prospective randomized controlled trial (RCT) to investigate the effects of a Wuginxi exercise
program lasting 12-week on cognitive function, fall of risk, and quality of life in older adults with MCI. This study provides
strong theoretical support for the choice of non-pharmacological intervention options for older adults with MCI and lays a
foundation for the promotion and application of Wugqinxi exercise.

Materials and methods
Trial design

This single-center randomized controlled trial was approved by the Ethics Review Committee of Chengdu Sport
University (2024#94) and registered on the Chinese Clinical Trial Registry (ChiCTR, http://www.chictr.org.cn) with the
registration number ChiCTR2500100001. The study was conducted in accordance with the Declaration of Helsinki.
Before the study began, all subjects and their families were informed of the nature, purpose, potential risks and ben-
efits of the study. Oral explanations are provided in the appropriate dialect, and written informed consent is obtained
after full understanding.

Participants

The study Subjects were a community of older adults with MCI. The recruitment event was held in July 2024 on Dashigiao
Street in Dongpo District, Sichuan Province, China. Through community chats, flyer distribution, and the setup of recruit-
ment booths at events. The recruitment will be conducted both online and offline.

We analyzed following the principle of the preferred program set (PPT). The 72 residents were surveyed using the
questionnaire, which was based on the inclusion and exclusion criteria. After the initial screening, 12 participants with-
drew, leaving 60. The reasons for withdrawal were unrelated to the study: 4 refused random allocation, 4 did not spec-
ify a reason, and 4 had scheduling conflicts. In the first week of the experiment, 7 participants withdrew, with 4 from
the Wugqinxi exercise group (3 due to advanced age and 1 due to a time conflict) and 3 from the stretching exercise
group (all due to advanced age). The 53 eligible participants were randomly allocated to the Wugqinxi exercise group
(N=26) or the stretching exercise group (N=27). The research protocol is shown in Fig 1 and supporting CONSORT
checklist.

Selection criteria

(1) The clinical doctor’s diagnosis or compliance with MCI diagnostic criteria [26];

(2) Chinese older adults age 60 or above, with no significant differences in physical status and basic communication
skills;

(3) The Lawton (1969) [27] ADL scale (14—-56 points) uses a score of < 26 points [9]; the MoCA (0-30 points) uses a
score of < 26 points [28]; the MMSE (0—-30 points) uses a score of 18-23 points [29].

(4) No regular exercise (defined as at least 3 times per week for at least 20 minutes each time) and able to perform a
moderate amount of physical activity;
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Fig 1. CONSORT flow diagram of participants through the trial.

https://doi.org/10.1371/journal.pone.0346490.9001

(5) No unhealthy habits (no excessive drinking or smoking) and no organic disease;

(6) Informed consent and voluntary participation in screening.

Exclusion criteria

(1) Patients with poorly controlled hypertension (systolic blood pressure>160 mmHg or diastolic blood pressure>100
mmHg);

(2) Those taking anti-dementia drugs;

(3) Those with severe cognitive impairment, mental iliness, other neurodegenerative diseases (such as Parkinson’s
disease, stroke, frontotemporal dementia, vascular dementia, Lewy body dementia), drug or alcohol addiction, depres-
sion, severe cerebral trauma, or severe internal diseases;

(4) Those with severe muscle disorders such as myasthenia gravis, severe fractures, severe arthritis, or those who have
had lower-limb injuries within the past 6 months and have difficulty standing or standing for long periods of time, and
who cannot participate in the Wushu exercise training;

(5) Severe aphasia or visual and auditory impairments, severe organ failure, a history of coronary artery disease, muscu-
loskeletal diseases, or other exercise contraindications;

(6) Those who participate in medical professional cognitive intervention and regularly practice tai chi, yoga, square danc-
ing (at least 30 minutes per session, at least 3 times a week, for about 1 year), etc.
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Randomization, allocation concealment, and blinding

After completing the baseline assessment, eligible participants were randomly assigned to the WEG group (N=26) and the
SEG group (N=27). A simple 1:1 randomization technique was used. The simple random allocation sequence was gen-
erated by the randomization program of SPSS (version 26.0, Almonk, New York, NY, USA) and managed by an indepen-
dent research assistant who was not involved in participant recruitment, evaluation, or intervention. Participants, exercise
coaches, and intervention supervisors could not be blinded, but the result evaluators and data statisticians will be blinded to
the group allocation. To ensure blinding effectiveness, random allocation was conducted by an independent researcher who
was not involved in the study. The allocation results were concealed in sealed, opaque envelopes provided to the research-
ers before the intervention measures were applied. The intervention duration for both groups was 12 weeks.

Training protocol

a) The Wugqinxi Exercise Group

The Wuginxi Exercise consists of 60-minute sessions, 3 times per week for 12 weeks. Each session includes a

15-minute warm-up, a 40-minute Wugqinxi Exercise, and a 5-minute relaxation phase. The exercise is based on the “
Wugqinxi Exercise Standards” issued by the General Administration of Sport of China in 2020, and consists of (1) tiger rais-
ing and seizing, (2) deer colliding and running, (3) bear swaying and rubbing, (4) ape being alert and plunking, and (5) bird
stretching and flying. The Wugqinxi Exercise is guided and supervised by professional coaches. A coach from Chengdu
Sports University was hired to guide participants in their exercise. A research staff member also attended all training
sessions to record each participant’s attendance. If participants encounter any problems during their daily exercise, they
should promptly communicate with doctors and coaches. The training protocol is shown in Fig 2.

b) The stretching Exercise Group

The stretching exercise consisted of 60-minute sessions, 3 times per week for 12 weeks. Each session included a
15-minute warm-up, 40 minutes of stretching exercise, and a 5-minute relaxation phase. The stretching exercise targeted
the upper body (neck, arms, back, shoulders, and chest) and the lower body (quadriceps, hamstrings, calves, and glutes).
Before each session, participants were required to perform a warm-up exercise. After the stretching session, participants
were required to perform a relaxation exercise. A coach from Chengdu Sports University was hired to guide participants
through the exercise. Participants should communicate with doctors and coaches if they encounter any problems during
the process and follow the doctor’s advice. The training protocol is shown in Fig 2.

Outcome measures

a) Montreal Cognitive Assessment Scale

The Montreal Cognitive Assessment (MoCA) is a brief (approximately 10-minute) test that assesses an individual’s
overall cognitive function and is primarily used to screen elderly individuals who report subjective cognitive decline
[28]. The scale includes 11 check items in 7 cognitive domains: visual-spatial and executive function, naming, memory,
attention, language, abstraction, delayed recall, and orientation. The total score ranges from 0 to 30, with a maximum
of 30 and a normal score of 226 points [29]. If the score is <26, the individual is considered to have MCI. When the
years of education are 212, the total score is increased by 1 point. The Cronbach’s alpha coefficient for the Chinese
version of MoCA is 0.818 [30].

b) Mini-Mental State Examination Scale

The Mini-Mental State Examination (MMSE) was developed by Folstein et al. in 1975 and is one of the most
influential standardized cognitive status examination tools for assessing cognitive impairment [31]. The MMSE assesses
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https://doi.org/10.1371/journal.pone.0346490.9002

7 aspects: temporal orientation, spatial orientation, immediate memory, attention and calculation, delayed memory, lan-
guage, and visual-spatial ability. The MMSE score ranges from 0 to 30. The MMSE score is strongly influenced by edu-
cational level, so different screening thresholds are used for older adults with varying levels of education [32]. If the total
score falls below the threshold, cognitive function may be impaired. MMSE scores of 17-19 (illiterate), 20-22 (primary
school), and 24—26 (junior high school or above) are classified as MCI. The test-retest reliability of the instrument was
0.78, and the inter-rater reliability was 0.99 [33].

c) Five-Times Sit-to-Stand Test

The Five-Times Sit-to-Stand Test (FTSST) was used to assess the functional mobility of older adults during daily activi-
ties [34]. The FTSST may effectively predict the risk of falls among older adults [35]. The test is easy to perform, and the
chair is adjusted to each participant’s height and secured against the wall. After the researcher explains the requirements
and precautions to the participants, they are asked to cross their hands in front of their chests, keep their feet flat on the
ground, and lean back against the chair without touching the backrest. Upon hearing the “start” command, participants are
asked to perform the sit-to-stand action as quickly as possible five times, and the time required to complete the five repe-
titions is recorded. The test can be performed three times, with a 1-minute rest between each. Test-retest and inter-rater
reliability were high, with an intraclass correlation coefficient (ICC) = 0.99 [36].

d) Timed Up and Go Test

The Timed Up and Go Test (TUG) is a commonly used functional test for balance and gait assessment [37]. Participants
were asked to wear their usual shoes and sit on a backless chair with armrests (chair height approximately 45 cm, armrest
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height approximately 20 cm), with their back against the backrest and their hands on the armrests. A clearly visible thick
line was drawn on the ground 3 meters from the chair as a marker. When the researcher gave the command “Start,” the
participant stood up, stood still, walked forward 3 meters, passed the marker, turned around, walked back to the chair,
turned around, and sat down with their back against the backrest. No physical assistance was provided to the partici-
pants during the test [38]. Before the formal test, participants were allowed to practice 1-2 times to ensure a smooth test
process. Three tests were conducted, and the average was calculated. TUG has excellent test-retest reliability, with ICC
ranging from 0.80 to 0.85 [39,40].

e) Berg Balance Scale

The Berg Balance Scale (BBS) is a test used to assess functional balance [41]. The scale comprises 14 items, including
transitioning from sitting to standing, independent standing, independent sitting, transitioning from standing to sitting,
bed-to-chair transfer, closed-eye standing, and standing with feet together. The higher the score, the stronger the patient’s
balance and autonomous postural control. A score below 40 indicates a risk of falling. A score of 41-56 indicates excel-
lent balance function and a low risk of falling, allowing the patient to walk independently. A score of 21-40 indicates some
balance ability and a moderate risk of falling, allowing the patient to walk with assistance. A score of 0-20 indicates poor
balance function and a high risk of falling, requiring the use of a wheelchair. It achieves an ICC of 0.97 [36,42].

f) Modified Falls Efficacy Scale

The Modified Falls Efficacy Scale (MFES) has been widely used in the field of fall risk assessment for older adults, both
domestically and internationally [43]. The scale includes 14 items, comprising 9 indoor daily activities (getting in and out of
bed, dressing, bathing, reaching into a box or drawer, getting up from a chair, walking around the room, answering the door
or the phone, preparing a simple meal, and doing light housework) and 5 outdoor activities (climbing stairs, crossing the
street, using public transportation, simple shopping, and light gardening or hanging clothes out to dry). Each item is scored
from 0 to 10, with 0 indicating complete inability, 5 indicating average, and 10 indicating good. The final score is the average
of all item scores. The MFES demonstrates excellent reliability (ICC =0.93) and internal consistency (a=0.95) [44].

g) 12-ltem Short-Form Health Survey (SF-12)- Quality of Life Assessment

The SF-12 has been widely used in clinical research and public health assessments to monitor health outcomes [45]. The
SF-12 is a self-administered questionnaire designed to assess the impact of health status on daily activities [46]. The 12-item
short form (SF-12) yields 8 subscales: General Health (GH), Physical Function (PF), Role Physical (RP), Body Pain (BP), Role
Emotional (RE), Mental Health (MH), Vitality (VT), and Social Function (SF). On the scale, raw scores for each item range
from 1 to 6, and participants’ scores are counted and evaluated. In this study, the 8 SF-12 subscales were analyzed.

Sample size

The sample size was calculated based on the expected improvement in the MoCA score. According to the published
literature [47], the mean score differences and standard deviations between the mind-body exercise group and the control
group after the intervention were 24.55, 2.25 and 22.35, 1.96 points, respectively, and the effect size was 1.04266. We
expected that after a 12-week Wugqinxi exercise intervention, the effect size would be at least 0.2. Using G-Power 3.1.9.6,
we calculated a sample size sufficient to detect the target effect size, with a type 1 error of 5% (a=0.05) and a power of
90% (B=0.10). Accounting for a 10% dropout rate, a total of 42 participants were needed, with 21 per group.

Statistical analysis

All statistical analyses were conducted using SPSS (version 26.0, IBM Corp., Armonk, NY, USA). Descriptive statis-
tics summarized demographic characteristics. The t-test compared the means of continuous variables between the two
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groups, and the chi-square test or Fisher’s exact test assessed the homogeneity of proportions between the two groups.
For normally distributed data, a two-tailed independent t-test was used to assess the intervention effect on the main vari-
ables. For non-normally distributed data, the Mann-Whitney U test was used. In addition, Pearson correlation analysis (for
normally distributed data) or Spearman rank correlation analysis (for non-normally distributed data) was used to explore
associations among cognitive function, fall of risk, and quality of life improvement. All hypothesis tests were two-sided,
with a significance level of a=0.05. Data analysis was performed by a statistician on the objective results.

Results
Participant characteristics

Table 1 showed the baseline distribution of sociodemographic characteristics for participants in the Wuginxi exercise
group and the stretching control group. A total of 53 patients with MCI were enrolled: the intervention group comprised 16
males (61.5%) and 10 females (38.5%), while the control group comprised 13 males (48.1%) and 14 females (51.9%).
Regarding age, 17 participants (65.4%) in the intervention group and 16 (59.3%) in the control group were 65—74 years
old. Occupational status showed that 21 participants (80.8%) in the intervention group and 20 (74.1%) in the control group
reported manual labor as their primary occupation. Educational attainment was predominantly at the elementary school
level: 20 participants (76.9%) in the intervention group and 19 (70.4%) in the control group. Marital status showed that

19 participants (73.1%) in the intervention group and 22 (81.5%) in the control group were married. Regarding retirement
allowance, 17 participants (65.4%) in the intervention group and 18 (66.7%) in the control group reported monthly incomes
of ¥0-¥1,000. No statistically significant differences were observed between groups for any of these sociodemographic
variables (p>0.05), confirming successful baseline balance.

MMSE and MoCA: pre and post intervention

Table 2 shows that both Wuginxi and stretching exercises improve scores on the MoCA and MMSE. Improvements in all
indicators in the Wuqinxi exercise group were significantly greater than those in the stretching exercise group (P<0.001).

Table 1. Descriptive statistics of demographic characteristics of the Wugqinxi exercise group and stretching exercise group(N=53).

Variable WEG (N.=26) SEG (N.=27) P value

Gender Men 16(61.5%) 13(48.1%) 0.328
Female 10(38.5%) 14(51.9%)

Age 60-64 8(30.8%) 8(29.6%) 0.589
65-74 17(65.4%) 16(59.3%)
75-84 1(3.8%) 3(11.1%)

Employment status Intellectual work 5(19.2%) 7(25.9%) 0.560
Manual work 21(80.8%) 20(74.1%)

Education Elementary School 20(76.9%) 19(70.4%) 0.852
Junior high school 4(15.4%) 5(18.5%)
High school or above 2(7.7%) 3(11.1%)

Marital status Married 19(73.1%) 22(81.5%) 0.465
Other 7(26.9%) 5(18.5%)

Retirement allowance 0-1000 17(65.4%) 18(66.7%) 0.885
1000-3000 6(23.1%) 5(18.5%)
More than 3000 3(11.5%) 4(14.8%)

WEG: Wuginxi exercise group; SEG: Stretching exercise group.
Data were presented as the number of participants (percentage).

https://doi.org/10.1371/journal.pone.0346490.t001
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Table 2. MMSE and MoCA: Comparison between pre- and post-intervention groups (N=53).

Variable Group Pre-test Post-test Post-pre test t/iz P value
Mean+SD Median Mean+SD Median Mean+SD Median
(IQR) (IQR) (IQR)
MoCA WEG (N=26) 19.73+1.56 19(3) 21.27+14 21(2) 1.54+0.65 1(1) -4.94 P<0.001
SEG (N=27) 20.11+£2.17 19(3) 20.63+2.06 20(3) 0.52+0.51 1(1)
MMSE WEG (N=26) 22.04+1.34 22(2.25) 24.04+1.11 24(3) 2+0.85 2(2) -6.65 P<0.001
SEG (N=27) 22.59+1.55 22(3) 23.04+£1.43 22(2) 0.44+0.51 0(1)

WEG: Wuginxi exercise group; SEG: Stretching exercise group; MMSE: Mini-mental state examination scale; MoCA: Montreal cognitive assessment
scale; IQR: Interquartile Range.

https://doi.org/10.1371/journal.pone.0346490.t002

Specifically, the average improvement values in the intervention group were: MoCA 1.54+0.65, MMSE 2+0.85. In con-
trast, the control group showed smaller improvements: MoCA 0.52+0.51, MMSE 0.44 +0.51. The median and interquartile
range after intervention were also overall better in the Wugqinxi exercise group. In conclusion, Wuginxi exercise is superior
to stretching for improving cognitive function in older adults with MCI.

TUG, FTSST, BBS, and MFES: pre and post intervention

Table 3 shows that both Wuginxi and stretching exercises improve scores on the BBS, TUG, FTSST, and MFES. Improve-
ments across all indicators in the Wugqinxi exercise group were significantly greater than those in the stretching exercise
group (P<0.001). Specifically, the average improvement values for the intervention group were: BBS 4.73+0.67, TUG
0.94+0.12, FTSST 1.92+0.12, and MFES 1.1£0.14. In contrast, the control group showed smaller improvements: BBS
0.48+0.51, TUG 0.37+£0.14, FTSST 0.58+0.2, and MFES 0.41+0.15. The median and interquartile range after inter-
vention were also overall better in the Wuginxi exercise group. In conclusion, Wuginxi exercise is superior to stretching
exercise in improving overall fall-prevention ability among older adults with MCI.

Quality of Life (SF-12): pre and post intervention

Table 4 shows that both Wugqinxi and stretching exercises improve the quality of life score. The Wugqinxi exercise group
showed significantly greater improvements across all six dimensions of quality of life (general Health, physical Function,

Table 3. BBS, TUG, TCS, MFES: Comparison between pre- and post-intervention groups (N=53).

Variable Group Pre-test Post-test Post-pre test tiz P value
Mean+SD Median Mean+SD Median Mean+SD Median
(IQR) (IQR) (IQR)

BBS WEG (N=26) 47.46+0.99 47(1) 52.19+1.33 52(2) 4.73+0.67 5(1) -6.45 P<0.001
SEG (N=27) 47.59+1.05 48(1) 48.07+1.17 48(2) 0.48+0.51 0(1)

TUG WEG (N=26) 10.21+£0.33 10.19(0.36) 9.27+0.32 9.24(0.41) 0.94+0.12 0.95(0.19) -6.25 P<0.001
SEG (N=27) 10.25+0.25 10.27(0.39) 9.88+0.34 9.96(0.54) 0.37+0.14 0.37(0.24)

FTSST WEG (N=26) 8.83+0.51 8.8(0.92) 6.91+0.54 6.78(1.05) 1.92+0.12 1.92(0.17) -6.25 P<0.001
SEG (N=27) 8.93+0.51 8.86(0.9) 8.36+0.57 8.27(1.05) 0.58+0.2 0.59(0.24)

MFES WEG (N=26) 6.59+0.79 6.64(1.09) 7.69+0.87 7.72(1.38) 1.1+£0.14 1.08(0.23) -6.26 P<0.001
SEG (N=27) 6.76+0.87 6.71(1.43) 7.17+0.91 7.07(1.64) 0.41+0.15 0.42(0.15)

WEG: Wuginxi exercise group; SEG: Stretching exercise group; BBS: Berg Balance Scale; TUG: Timed up and go test; FSTS: Five-times sit-to-stand
test; MFES: Modified falls efficacy scale; IQR: Interquartile Range.

https://doi.org/10.1371/journal.pone.0346490.t003
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Table 4. Quality of Life (SF-12): Comparison between pre- and post-intervention groups (N=53).

Variable Group Pre-test Post-test Post-pre test tiz P value
Mean+SD Median Mean+SD Median Mean+SD Median
(IQR) (IQR) (IQR)

GH WEG (N=26) 49.55+5 51.21(0) 59.09+4.88 61.99(10.78) 9.54+5.56 10.78(0) -3.79 P<0.001
SEG (N=27) 48.81+5.46 51.21(10.98) 52.01+6.64 51.21(0) 3.19%5.02 0(10.78)

PF WEG (N=26) 49.86+5.6 47.88(8.59) 54.16 £4.11 57.18(9.22) 4.31+4.47 2.7(8.59) -4.43 P<0.001
SEG (N=27) 50.52+2.33 52.57(4.61) 51.72+3.84 52.57(9.22) 1.19+2.06 0(4.61)

RP WEG (N=26) 49.91+2.66 47.96(4.61) 54.16+4.11 57.18(9.22) 4.25+3.89 4.61(9.21) -3.06 P=0.002
SEG (N=27) 50.52+2.33 52.57(4.61) 51.72+3.84 52.57(9.22) 1.19+2.06 0(4.61)

BP WEG (N=26) 49.21+4.1 47.25(0) 52.74+5.18 50.48(10.19) 3.52+4.94 0(10.19) -2.42 P=0.016
SEG (N=27) 49.52+5.16 47.25(10.19) 50.27+4.74 47.25(10.19) 0.76+2.72 0(0)

RE WEG (N=26) 44.47+3.85 44.9(1.4) 50.27+3.7 50.49(1.4) 5.81+4.03 5.59(0) -4.25 P<0.001
SEG (N=27) 45.54+4.2 44.9(5.59) 47.8+3.59 44.9(5.59) 2.28+3.56 0(5.59)

MH WEG (N=26) 51.41+2.83 52.35(0) 56.34+4.54 55.4(6.1) 4.92+5.46 6.1(7.62) -2.16 P=0.031
SEG (N=27) 50.77+4 52.35(0) 52.8+3.35 52.35(0) 2.03+3.78 0(6.1)

VT WEG (N=26) 60.52+4.55 57.81(10.7) 62.07+5.07 57.81(10.7) 1.55+3.7 0(0) -0.46 P=0.649
SEG (N=27) 60.79+5.45 57.81(10.07) 61.91+5.04 57.81(10.07) 1.12+3.32 0(0)

SF WEG (N=26) 44.14+4.39 46.47(2.52) 48.8+4.34 46.47(2.52) 4.66+6.53 0(10.1) -1.70 P=0.089
SEG (N=27) 44.23+4.28 46.47(0) 46.1+4.41 46.47(0) 1.87x4 0(0)

WEG: Wugqinxi exercise group; SEG: Stretching exercise group; GH: general health; PF: Physical function; RP: Role physical; BP: Body pain; RE:
Role-emotional; MH: Mental health; VT: Vitality; SF: Social function; IQR: Interquartile Range.

https://doi.org/10.1371/journal.pone.0346490.t004

role Physical, body Pain, role Emotional, and mental Health) than the stretching exercise group (P <0.05). Specifically,
the average improvement values in the intervention group were: GH 9.54+5.56, PF 4.31+4.47, RP 4.25+3.89, BP
3.52+4.94, RE 5.81+4.03, MH 4.92+5.46. In contrast, the control group showed smaller improvements: GH 3.19+5.02,
PF 1.19+2.06, RP 1.19+2.06, BP 0.76+2.72, RE 2.28 +3.56, MH 2.03 £ 3.78. The median and interquartile range after
the intervention were also overall better in the Wugqinxi exercise group. There were no significant differences between the
two groups in the vitality and social function (P=0.649 and P=0.089, respectively). In conclusion, Wuginxi exercise has a
better overall effect than stretching exercise in improving the quality of life of older adults with MCI.

The correlation between risk of falls, changes in quality of life, and cognitive function improvement in wugqinxi
exercise group

Table 5 and Fig 3 show a significant positive correlation between the risk of falls (MFES) and improvement in cognitive
function (MMSE score) (r=0.463, P<0.05). Table 5 and Fig 3 also show a significant negative correlation between the
risk (TUG) and improvement in cognitive function (MMSE score) (r=-0.52, P<0.01). Table 5 and Fig 4 show a significant
positive correlation between quality of life (SF) and improvement in cognitive function (MMSE score) (r=0.399, P<0.05).
In addition, Table 5 and Fig 4 show a positive correlation between changes in quality of life (BP) and improvement in cog-
nitive function (MoCA score) (r=0.406, P<0.05). However, there was no significant correlation between cognitive function
and quality of life (GH, PF, RP, RE, MH, VT).

Discussion

This study examined the effects of Wuginxi exercise on cognitive function, risk of falls, and quality of life in older adults
with MCI. Wuginxi exercise, a traditional Chinese Qigong exercise that emphasizes the integration of mind and body, is
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Table 5. Correlation between cognitive function, risk of falls, and changes in quality of life.

Variable MMSE MoCA
BBS 0.103 0.122
FTSST -0.35 -0.121
TUG -0.520** -0.352
MFES 0.463* 0.207
GH 0.339 0.119
PF 0.196 0.025
RP 0.268 0.114
BP 0.245 0.406*
RE -0.106 -0.075
MH 0.113 -0.175
VT 0.327 0.172
SF 0.399* 0.172

MMSE: Mini-mental state examination scale; MoCA: Montreal cognitive assessment scale; BBS:
Berg Balance Scale; TUG: Timed up and go test; FSTS: Five-times sit-to-stand test; MFES:
Modified Falls Efficacy Scale; GH: General Health; PF: Physical Function; RP: Role Physical; BP:
Body Pain; RE: Role Emotional; MH: Mental Health; VT: Vitality; SF: Social Function. *Significant
at p<0.05; **significant at p<0.01.

https://doi.org/10.1371/journal.pone.0346490.t005
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Fig 3. Results showing a significant positive correlation between Risk of Falls and the improvement of Cognitive Function (MMSE) score.
Notes: TUG, Timed up and go test. MMSE, Mini-mental state examination scale. MFES, Modified Falls Efficacy Scale.

https://doi.org/10.137 1/journal.pone.0346490.9003

considered an effective method for promoting both physical and mental health [48]. For middle-aged and older adults,
Wuqinxi exercise may promote psychological health by regulating the nervous and hormonal systems, thereby improving
overall health [49]. The findings indicate that Wuginxi exercise may improve cognitive function, risk of falls, and enhance
quality of life in older adults. The main finding was that participants with MCI showed significant improvements in cognitive
function after 12 weeks of Wuginxi exercise. In comparison, the improvements in the stretching exercise group were rela-
tively weak. Furthermore, participants in the Wugqinxi exercise group also showed improved risk of falls and quality of life.
Wuginxi exercise, as a multimodal intervention, integrates physical exercise, cognitive engagement (such as memory
and attention required to imitate animal movements), breathing regulation, and mind-body balance. Wuginxi is a feasible
non-pharmaceutical public health strategy that may help slow cognitive decline and reduce the risk of falls among older
adults. In clinical practice, incorporating Wuginxi into the standard care plan for older adults with MCI under professional
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Fig 4. Results showing a significant positive correlation between Quality of Life (SF, BP) and the improvement of Cognitive Function (MMSE and
MoCA) score. Notes: BP, Body Pain. SF, Social Function. MoCA, Montreal cognitive assessment scale. MMSE, Mini-mental state examination scale.

https://doi.org/10.1371/journal.pone.0346490.g004

guidance may help maintain long-term cognitive and physical benefits. In summary, Wuginxi shows statistically significant
and clinically meaningful improvements, supporting its use as an effective non-pharmaceutical approach to delaying cog-
nitive decline, reducing the risk of falls, and enhancing the quality of life of this population.

Throughout the exercise intervention, MCI participants did not experience any adverse reactions, and all participants
expressed satisfaction with the program. Our cognitive (MoCA) scores were consistent with those reported by Jing Jin
(2020) [50]. These results indicate that, compared with older adults who participated in other interventions, those who
practiced gigong experienced less age-related cognitive decline [49,51,52]. We found a strong correlation between the
risk of falls (TUG, MFES) and cognitive function (MMSE), suggesting that gigong may be effective in improving cognitive
function and reducing the risk of falls.

In this study, the exact mechanism underlying the improvement in cognitive function was unclear. During gigong
exercises, the sustained state of relaxation may reduce pro-inflammatory factors such as IL-6 [53], thereby alleviating
neuroinflammation through anti-inflammatory effects and providing protection for cognitive function. Qigong exercises may
improve cardiopulmonary function and promote neuroplasticity (activating the prefrontal cortex, enhancing memory and
attention) [54—56], thereby enhancing cognitive performance. Given the link between physical and mental health, improve-
ments in Mood or reductions in chronic disease symptoms may benefit mental health [57,58]. The dual challenge of
physical and mental exercise may increase the burden on physiological and neurophysiological processes, prompting the
brain to make positive adaptations [50]. Previous studies have shown that the effects of gigong exercise on older adults
are concentrated on overall cognitive function [59,60]. Epidemiological surveys suggest that cognitive dysfunction may
lower people’s quality of life and sleep quality [61]. These studies focus solely on the cognitive function of older adults with
MCI and do not address other indicators of MCI, such as lower limb strength, balance, and quality of life. Another result of
our study found that, in addition to improving measured cognitive function, participants in the Wuqinxi exercise group also
showed reduced risk of falls and improved quality of life.

The risk of falls in the Wuginxi Exercise group improved, and there was a significant positive correlation between the risk of
falls (MFES) and cognitive function (MMSE) scores (r=0.463, P<0.05). At the same time, this study observed a significant neg-
ative correlation between the risk of falls (TUG) and cognitive function (MMSE) scores (r=-0.52, P<0.01). Additionally, we found
that the Wugqinxi Exercise may significantly improve quality of life in this study. The improvement in quality of life was associated
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with improvements in cognitive function in older adults with MCI. This result is consistent with the findings of other scholars [9].
Changes in cognitive function (MoCA) were significantly positively correlated with quality of life (BP) (r=0.406, P<0.05). Changes
in cognitive function (MMSE) were also significantly positively correlated with quality of life (SF) (r=0.399, P<0.05).

Limitations of the study

First, we have clearly reported the dropout rate in the article and acknowledged that PPS analysis may overestimate the
effect of implementation in a broader population. The present study only inferred the possible mechanisms of the Wugqinxi
Exercise on cognitive function, risk of falls, and quality of life through indirect indicators. However, it did not explain the
mechanisms of the central nervous system or the biological indicators.

Second, the risk of falls indicators used in the present study were all results of single-task tests. These results reflect
interactions among perception, behavior, and cognitive processes. Single-task tests may not fully evaluate or reflect the
level of fall-prevention function. Combining multi-task state measurements with single-task state measurements may more
effectively measure and reflect the level of fall-prevention function. Moreover, the present study used subjective assess-
ment scales (such as the SF-12) as the outcome indicators. These are personal and limited by human factors and exter-
nal influences. As an intervention, exercise cannot be ignored by the subjects.

Finally, there were baseline differences in dropout, with 7 participants dropping out. The present study lacked follow-up
after the intervention, and it was unable to determine whether the Wuqinxi Exercise would maintain its effect on cognitive
function in the long term. There is no further research at present, and the mechanism of impact is unclear. Although this
study has revealed many new angles for further research, the current research results still have limitations.

In future research, on the one hand, the effectiveness in the real world should be verified by using the ITT analysis
with a larger sample size. On the other hand, the potential functions of this exercise pattern through more detailed central
nervous system mechanisms and biological indicators to understand why the Wugqinxi Exercise may cause changes in the
cognitive function, risk of falls, and quality of life of older adults with MCI. Because this study is a small sample of exercise
intervention research, it has reference value for the launch of new clinical intervention methods.

Conclusions

In summary, this study shows that 12-week Wuginxi exercise may improve overall cognitive function in older adults with
MCI. Moreover, improvements in overall cognitive function in older adults with MCI may affect the level of risk of falls and
quality of life. Wugqinxi exercise is an effective, safe, and beneficial exercise that may improve physical and mental health
for different populations. In the future, more attention should be paid to non-pharmacological combinations or to the lowest
effective doses of drug interventions that may confer health benefits across different populations.
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