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Abstract
Background  Due to poorer exercise tolerance, it may be challenging for frail older adults to engage in moderate- 
or vigorous-intensity exercise. While low-intensity exercise interventions may be more feasible, its effectiveness for 
such population group remains unclear. We examined the effectiveness and implementation of community-based 
Baduanjin Qigong, a low-intensity exercise program in older adults with varying frailty status.

Methods  A two-arm, multicenter assessor-blind parallel group randomized controlled trial was conducted at three 
local senior activity centers. Fifty-six community-dwelling older adults with low handgrip strength were randomly 
allocated to either the intervention (IG) or wait-list control (CG) group. The IG underwent a supervised 16-week 
Baduanjin exercise program at a frequency of 2–3 × 60 min sessions/week. The CG was instructed to maintain their 
usual activity and received a monthly health education talk. The primary outcome measures were knee extension 
strength, vital exhaustion, and fear of falling. Secondary outcome measures include physiological falls risk, handgrip 
strength, gait speed, timed up and go test, 30-second sit-to-stand, quality of life, depression, and frailty. All outcome 
measures were assessed at baseline and 4-month follow-up.

Results  Overall, there were no statistically significant differences in all outcome measures between CG and IG at 
4-month follow-up. However, in exploratory compliance analysis, a statistically significant group x time interaction was 
found for vital exhaustion (B = -3.65, 95% CI [-7.13, -0.16], p = .047) among participants with at least 75% attendance. In 
post-hoc within-group comparisons, IG showed improved vital exhaustion by 4.31 points (95% CI [1.41, 7.20], d = 0.60). 
The average participant attendance rate was 81.3%. No major adverse events occurred, and all participants reported 
positive experiences with the exercise intervention.

Conclusions  Our study demonstrated that Baduanjin is a safe, feasible, and acceptable exercise program that can 
be successfully implemented in community settings for older adults with varying frailty status. With good adherence, 
Baduanjin exercise could potentially be effective in alleviating vital exhaustion. However, the effectiveness of 
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Background
The global population is ageing rapidly, with a concomi-
tant rise in the number of older adults experiencing age-
related conditions. Frailty, characterized by a decline in 
physiological reserves and increased vulnerability to 
stressors [1], is increasingly prevalent with advancing age. 
The estimated weighted average prevalence of physical 
pre-frailty and frailty among community-dwelling older 
adults was 41.6% and 10.7%, respectively [2]. Given that 
frailty is associated with increased risk of adverse health 
outcomes including disability, hospitalization, institu-
tionalization and mortality [3], it is a key geriatric syn-
drome that poses significant public health concern [4, 5].

Frailty is a dynamic process marked by shifts between 
frailty states [3, 6, 7]. A recent meta-analysis reported 
that a change in frailty state was observed in 42.8% of 
community-dwelling older adults within a mean follow-
up period of 3.9 years [8]. While there is greater likeli-
hood of deterioration over time, frailty can potentially be 
improved over time as well [7, 8]. This has led to experts’ 
consensus that frailty is reversible with appropriate inter-
ventions [9, 10].

Exercise has long been established as a cornerstone 
of effective interventions to manage frailty [3, 9, 11, 12]. 
According to the World Health Organization, older adults 
aged 65 years and older are recommended to engage in at 
least 150 min of moderate- or 75 min of vigorous-inten-
sity aerobic physical activity and two days of muscle-
strengthening activities a week [13]. Similarly, frail older 
adults are encouraged to perform aerobic and resistance 
training as such exercises address the hallmarks of frailty 
including muscle weakness, slowness, fatigue and low 
physical activity [14]. These types of exercises are often 
implemented at moderate- to vigorous-intensity levels in 
multicomponent exercise interventions, and several sys-
tematic reviews have shown their effectiveness among 
pre-frail and frail older adults [15–17]. However, given 
that fatigue and exercise intolerance are distinct features 
of frailty [1, 18], it may be challenging for some frail indi-
viduals to perform such recommended exercises. Hence, 
it is equally important to consider the safety, acceptabil-
ity, and feasibility of exercise programs tailored to this 
specific population group.

Baduanjin (BDJ), also known as Eight-Section Bro-
cades, is a low-intensity traditional Chinese Qigong exer-
cise that involves eight simple movements in combination 
with meditative and breathing techniques [19, 20]. As a 

mind-body exercise, it is purported to regulate the body 
flow of ‘Qi’ (vital energy), which confers physical and cog-
nitive function benefits [21–23]. Given the simplicity of 
its exercise routine, BDJ can be easily learned thus mak-
ing it an appropriate exercise for populations with physi-
cal or cognitive impairment [23, 24]. Studies have found 
several health benefits of BDJ such as improved quality 
of life, physical performance, and fatigue levels in vari-
ous clinical populations [25–27]. Albeit a small number 
of studies and poor methodological quality, a recent sys-
tematic review and meta-analysis reported the beneficial 
effects of BDJ in Chinese older adults aged 65 years and 
older with improvements in physical function, walking 
ability, and balance [28]. Hence, existing literature sug-
gests that such an exercise intervention is potentially 
helpful for frail older adults.

We had previously demonstrated the feasibility and 
safety of implementing BDJ exercise program in the com-
munity for frail older adults through a single-group pilot 
study [20]. The study suggested possible improvements 
in physical and psychological measures, with knee exten-
sion strength, fear of falling and vital exhaustion show-
ing the most significant changes. Therefore, BDJ has the 
potential to improve specific phenotypic components of 
frailty [1]. However, the lack of a control group limits the 
ability to determine the effects of BDJ among frail older 
adults. To date, there is a lack of randomized controlled 
trials to evaluate BDJ training in this specific older adult 
population group [24, 29]. Therefore, the aim of this 
study was to examine the effectiveness and implementa-
tion of a 16-week BDJ exercise intervention for commu-
nity-dwelling older adults with varying frailty status in 
local senior activity centers. It was hypothesized that the 
exercise intervention would be effective to improve phys-
ical and psychological outcomes.

Methods
Study design
This study employed a two-arm, multicenter assessor-
blinded parallel-group randomized controlled trial study 
design. The trial was conducted at three senior activity 
centers between February 2021 and May 2023 (Clini-
calTrials.gov Identifier: NCT04549103). Participants 
enrolled at each center were randomly allocated to either 
the intervention group (IG) or control group (CG) with 
a 1:1 allocation ratio. Randomization sequence was gen-
erated based on a computerized block randomization 
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with block sizes of 4 and was concealed from personnel 
involved in recruitment of participants. Ethical approval 
was obtained from the National Healthcare Group 
Domain Specific Review Board (2020/00100) and all 
participants provided written informed consent prior to 
study participation. This trial was reported in accordance 
with the Consolidated Standards of Reporting Trials 
guidelines [30].

Participants
Study participants were recruited at the three senior 
activity centers through convenience sampling meth-
ods. Participants were considered eligible for the study if 
they (1) were aged 55 years and older; (2) had low muscle 
strength; (3) were able to ambulate independently with 
no other physical limitations affecting study participation 
and adherence; (4) were able to understand basic instruc-
tions; and (5) had generally sedentary lifestyles. Low mus-
cle strength was defined as handgrip strength less than 
28 kg and 18 kg in men and women, respectively accord-
ing to the Asian Working Group for Sarcopenia 2019 
consensus [31]. Sedentary lifestyle was defined as par-
ticipating in sitting activities at least five days per week 
for more than four hours per day on average [32]. Par-
ticipants were excluded if they met any of the following 
exclusion criteria: (1) participating in other intervention 
studies, (2) engaging in moderate or vigorous inten-
sity exercise, (3) performing regular Tai Chi or Qigong 
exercises, (4) have severe audio-visual impairment, (5) 
diagnosed with cognitive impairment and/or history of 
neurological disorder, (6) diagnosed with postural hypo-
tension, (7) unable to participate for the full duration of 
the study, (8) unable to come to the center with/without 
personal assistance, and (9) deemed not suitable to par-
ticipate by a medical doctor. All participants underwent 
physical examination by a doctor for pre-exercise medi-
cal clearance before study enrollment.

Intervention group
The IG underwent a 16-week BDJ exercise program that 
was developed and delivered by the local Qigong associa-
tion [20]. The training program consists of 44 sessions of 
60 min each over 16 weeks. Each session was conducted 
in an indoor group setting at each center by two certified 
instructors. In the first four weeks, the training sessions 
were conducted twice per week with the focus on famil-
iarizing the participants with each of the BDJ routine’s 
eight movements, which have been previously detailed 
[20]. In the following 12 weeks, the sessions were con-
ducted thrice per week in which the participants were 
instructed to practice the whole BDJ routine. Partici-
pants were expected to perform four sets of the BDJ rou-
tine during each session and were also taught meditative 
and breathing techniques. In addition, participants were 

given an instructional video and encouraged to practice 
the BDJ routine independently outside class to reinforce 
learning. To ensure safety, a chair was placed within arm’s 
reach of each participant if rest was needed. If preferred, 
participants performed the exercise in a seated posi-
tion. Participants’ blood pressure, arterial blood oxygen 
saturation and heart rate were monitored by a research 
coordinator at the start and end of each training ses-
sion. Participants did not proceed with the training ses-
sion if either (1) abnormal blood pressure (systolic blood 
pressure ≥ 130 mmHg or diastolic blood pressure ≥ 80 
mmHg), (2) low blood oxygen saturation < 95%, (3) high 
heart rate (≥ 90 beats per minute), (4) giddiness, or (5) 
any form of discomfort was present.

Control group
Participants in the CG received a 60-minute health 
education talk once every four weeks over the 16-week 
period. The topics for the education talk included physi-
cal and mental function maintenance, relationship man-
agement, health risks and diseases management, and 
general well-being using traditional Chinese medicine. 
They were also instructed to maintain their usual physi-
cal activity levels. The CG had the opportunity to attend 
the same exercise program after completing the post-
intervention assessment.

Outcomes
All outcome measures were conducted at baseline 
and 4-month follow-up by trained assessors who were 
blinded to the participants’ group allocation.

Primary outcome measures
Knee extension strength Participants’ knee extension 
strength was measured in kilograms of maximal force 
exerted using a digital dynamometer gauge (Model 
12–0342, Baseline Corporation, Irvington, NY). Par-
ticipants were instructed to extend their legs against a 
spring gauge strapped 10 cm above the ankle joint while 
seated with the hip and knee joint angles positioned at 90 
degrees. Two trials were administered for each leg and 
the highest of four readings were used for analysis.

Maastricht Questionnaire (MQ) MQ is a validated 
measure of vital exhaustion [33]. It consists of 21 items 
that measure dimensions of excessive fatigue, increased 
irritability, and feelings of demoralization. The over-
all vital exhaustion is computed by summing up the 
responses, which ranges from 0 to 42 and higher scores 
indicate greater vital exhaustion.

Falls efficacy scale-international The falls efficacy 
scale-international questionnaire is a validated 16-item 
questionnaire that measures the fear of falling among 
older adults during physical and social activities inside 
and outside the home [34]. Participants responded to a 
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4-point Likert scale ranging from 1 (not at all concerned) 
to 4 (very concerned). Scores range from 16 to 64 points 
with higher scores indicating greater fear of falling.

Secondary outcome measures
Physiological profile assessment (PPA) Participants’ 
physiological falls risk was measured using the PPA short 
version, which consists of five components [35]:

a)	 Visual contrast sensitivity was assessed using the 
Melbourne Edge Test, where twenty circular patches 
with decreasing edge contrast were positioned about 
40 cm from the participant. Participants selected 
from four options for each patch, and the lowest 
contrast sensitivity was based on the final correct 
response.

b)	 Lower limb proprioception was assessed using a 
lower limb matching task. Participants, with eyes 
closed, matched their lower limbs on either side of 
a protractor-marked acrylic sheet. Five trials were 
administered with the average degree of deviation 
recorded.

c)	 Knee extension strength was measured using the 
protocol mentioned above.

d)	 Reaction time was measured using a hand 
reaction time test, where participants pressed a 
modified computer mouse switch in response 
to a light stimulus. Reaction time was measured 
in milliseconds using a built-in timer, and ten 
trials were administered with the average reading 
recorded.

e)	 Postural sway was measured using a sway meter 
(Neuroscience Research Australia, New South Wales, 
Australia) that measures body displacement at waist 
level. Participants stood as still as possible with eyes 
open on a foam mat for 30 s. A 40-centimeter rod 
with a vertically mounted pen was attached to the 
participant’s lower back to record the postural sway 
on a sheet of graph paper, and the total sway area in 
square millimeters was recorded.

A composite score was computed based on weighted 
scoring of the five components using the NeuRA 
FallScreen Falls Risk Calculator (https://fallscreen.neura.
edu.au/), and higher scores indicate greater risk of falls.

Handgrip strength Handgrip strength was measured 
with a hand dynamometer (Jamar Plus+, Patterson 
Medical, Cedarburg, WI). Participants were instructed 
to squeeze the dynamometer with maximum effort in a 
seated position with their arms at their sides and elbows 
flexed at 90 degrees. Two trials were administered for 
each arm and the highest of four readings was used for 
analysis.

6-meter fast gait speed Participants were instructed 
to walk six meters over a level surface with an additional 
one meter for acceleration and one meter for decelera-
tion at a walking pace as fast as possible with or without 
walking aids. Two trials were administered, and the mean 
values were recorded for analysis.

Timed up and go (TUG) TUG is a reliable and valid 
assessment of mobility in older adults [36]. The test mea-
sures the time taken for participants to rise from a seated 
position, walk three meters at a comfortable speed, make 
a turn, walk back, and return to a seated position. Two 
trials were administered, and the mean values were 
recorded for analysis.

30-second sit-to-stand This test is a measure of func-
tional physical performance that is influenced by both 
physiological and psychological processes [37]. Partici-
pants were instructed to perform repeated chair stands 
using a chair without arms. With their arms folded across 
their chest, number of completed full stands without 
using arms within a 30-second period was recorded for 
analysis.

EQ-5D-5  L Health-related quality of life was mea-
sured using the EQ-5D-5  L index score [38]. The score 
ranges from − 0.59 to 1 and is computed based on five 
dimensions (mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression) with higher scores indi-
cating better quality of life.

Geriatric depression scale The geriatric depression 
scale is a validated 30-item questionnaire that measures 
depression in older adults [39]. Participants responded 
to each item by answering yes or no. Scores range from 
0 to 30 with higher scores indicating greater severity of 
depression.

Frailty status Frailty was determined using the Fried’s 
phenotype criteria, which characterizes frailty based on 
five components: weakness, unintentional weight loss, 
slowness, exhaustion and low physical activity [1]. Weak-
ness was determined using the Asian Working Group 
for Sarcopenia’s criteria of handgrip strength less than 
28  kg and 18  kg in men and women, respectively [31]. 
Unintentional weight loss was defined by either body 
mass index less than 18.5 kg/m2 or self-reported weight 
loss of at least 4.5  kg in the past six months. Slowness 
was identified using the 6-meter fast gait speed with 
specified cut-offs based on gender and height: 0.65  m/s 
for men ≤ 173  cm and women ≤ 159  cm, and 0.76  m/s 
for men > 173  cm and women > 159  cm. Exhaustion was 
self-reported through a 3-item questionnaire adapted 
from the SF-12 questionnaire [40]. Low physical activ-
ity was assessed using the Longitudinal Ageing Study of 
Amsterdam Physical Activity Questionnaire [41]. Low 
physical activity was defined as energy expenditure less 
than 383  kcal per week and 270  kcal per week for men 
and women, respectively. Presence of each of the five 

https://fallscreen.neura.edu.au/
https://fallscreen.neura.edu.au/
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components was assigned one point, and the categoriza-
tion of frailty status was defined as robust (0 point), pre-
frail (1–2 points), and frail (3–5 points) [1].

Evaluation of program implementation
A participant feedback questionnaire was administered 
to all IG participants who completed the intervention at 
4-month follow-up. Participants were asked to rate their 
experience with the BDJ intervention by indicating the 
degree of agreement with the questionnaire items on a 
4-point Likert scale ranging from 1 (strongly disagree) 
to 4 (strongly agree). In addition, participants responded 
to open-ended questions on the motivating factors, per-
ceived benefits and challenges and recommendations for 
the exercise program.

Sample size calculation
The present study’s sample size was calculated based on 
the estimated effect from our previous pilot study [20]. 
Based on a priori power analysis (G*Power 3.1.9.3) using 
a statistical power of 0.90 and error probability of 0.05, a 
sample size of 54 participants was required to detect an 
effect size of d = 0.6 in knee extension strength between 
CG and IG. Assuming a 10% dropout rate, a sample size 
of 60 participants was targeted.

Statistical analysis
Analyses were conducted based on intention-to-treat 
principle, and all participants with completed baseline 
outcome measures were included in the analyses. Inde-
pendent sample t tests and chi-square tests were per-
formed to examine differences in baseline measures 
between CG and IG for continuous and categorical 
variables, respectively. Linear mixed-effect models were 
employed to examine the changes in outcome measures 
between baseline and 4-month follow-up across the two 
groups. The models included group, time, and group x 
time interaction as fixed effects, and random intercepts 
were included for each participant to account for within-
subject correlations. All mixed-effect models were 
adjusted for age, gender, education, living status, and 
number of comorbidities. Post-hoc pairwise comparisons 
were conducted to examine the main effect of time in 
respective groups. Statistical significance level was set at 
p < .05 and all analyses were performed using R statistical 
software, version 4.1.2 (R Foundation for statistical com-
puting, Vienna, Austria).

Results
Participant characteristics
Four batches of older adults were recruited through Tsao 
Foundation with community partners from three senior 
activity centers. Amongst the 69 older adults referred to 
the study, seven did not meet the inclusion criteria, one 

was deemed unsuitable by a medical doctor, and four 
declined to participate. 57 participants enrolled in the 
study and were randomized into either the CG (n = 28) 
or IG (n = 29). Seven participants dropped out from the 
study due to lack of interest (n = 2), conflict in schedule 
with other personal commitments (n = 3), and unrelated 
medical conditions (n = 2). A total of 56 participants with 
available baseline data were included in the final analysis 
sample. Figure 1 showed the participant flow.

Table  1 showed the baseline demographic character-
istics of both CG and IG. The participants were mostly 
women aged 72.8 (6.9) years. There were no statistically 
significant differences in demographic characteristics or 
outcome measures between IG and CG.

Outcome measures
Table  2 showed the outcome measures at baseline and 
4-month follow-up for both IG and CG. Among the pri-
mary outcomes, there were no statistically significant 
interaction between group and time for knee extension 
strength (B = 1.63, 95% confidence interval (CI) [-0.73, 
3.96], p = .180), MQ scores (B = -2.20, 95% CI [-5.64, 
1.37], p = .224), and falls efficacy (B = 2.85, 95% CI [-2.22, 
7.99], p = .279). Similarly, there were no statistically sig-
nificant between-group differences in all secondary out-
come measures.

Post hoc pairwise comparisons revealed statistically 
significant within-group differences between baseline 
and 4-month follow up in IG. IG showed increased MQ 
scores by 4.31 points (95% CI [1.41, 7.20], t(25) = 3.06, 
d = 0.60, p = .005) but their fall efficacy scores also 
increased by 5.64 points (95% CI [1.97, 9.31], t(24) = 3.17, 
d = 0.63, p = .004). In contrast, no statistically significant 
differences were found in all outcome measures for CG.

Compliance analysis
We performed additional analyses on a subgroup of par-
ticipants with at least 75% attendance rate to assess the 
effects for individuals with good compliance to the inter-
vention. A statistically significant interaction between 
group and time was found for MQ scores (B = -3.65, 95% 
confidence interval (CI) [-7.13, -0.16], p = .047).

Implementation outcomes
Four different batches of older adults participated in 
the BDJ exercise program. There were no falls or major 
adverse events during the intervention for all batches of 
participants. The average participant attendance rate was 
81.3%. Among the 25 IG participants who completed the 
exercise program, 19 (76.0%) attended at least 75% of 
the sessions and two (8.0%) participants achieved 100% 
attendance rate. Among the 44 BDJ exercise training 
sessions conducted for each batch of participants, the 
average class attendance was 77.6%. The median class 
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attendance was 75.0%, and the interquartile range was 
between 71.4 and 87.5%. Reasons for absence were medi-
cal appointments, feeling unwell, and conflict in class 
schedule with other personal commitments.

The curriculum of the 16-week BDJ exercise pro-
gram was delivered as planned for all batches of partici-
pants. However, due to social distancing advisory during 
COVID-19 pandemic, the intervention was partly deliv-
ered in hybrid modes for one cohort of participants. 
Two participants joined the exercise training via a live 

video-conferencing platform. They were able to follow 
the program and no adverse events occurred during the 
sessions.

The participant feedback survey was administered to 
25 IG participants who completed the study. All par-
ticipants agreed that they had positive experiences with 
the BDJ exercise program with perceived physical, psy-
chological, and social benefits. They also indicated that 
they could follow the program and independently per-
form the BDJ exercise routine (Table  3). The common 

Fig. 1  Study flow diagram
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reported motivations to join the BDJ exercise program 
were opportunities to exercise and socially interact with 
others. Several participants felt more energetic through 
joining the program, crediting their improved energy 
levels to the breathing exercises they practiced. Never-
theless, some participants faced challenges during the 

Table 1  Baseline characteristics of participants in both CG and 
IG

Control 
Group
(n = 27)

Intervention 
Group
(n = 29)

p

Age (years) 72.6 (5.7) 72.9 (8.0) 0.856
Gender (n(%)) 0.479
  Female 25 (92.6%) 24 (82.8%)
Housing (n(%)) 1.00
  < 3 rooms apartment 4 (14.8%) 4 (13.8%)
Living status (n(%)) 0.280
  Alone 9 (33.3%) 5 (17.2%)
Education (n(%)) 1.00
  < Primary education 12 (44.4%) 13 (44.8%)
Smoking history (n (%)) 0.073
  Current smoker 0 (0.0%) 0 (0.0%)
  Ex-smoker 0 (0.0%) 5 (17.2%)
  Non-smoker 27 (100.0%) 24 (82.8%)
Falls history 1.00
  Yes 14 (51.9%) 14 (48.3%)
Body mass index (kg/m2) 25.1 (4.0) 23.6 (3.4) 0.127
Comorbidities (n (%))
  Arthritis 10 (37.0%) 6 (20.7%) 0.291
  Cardiovascular disease 1 (3.7%) 3 (10.3%) 0.656
  Diabetes 4 (14.8%) 8 (27.6%) 0.402
  Hyperlipidaemia 14 (51.9%) 18 (62.1%) 0.616
  Hypertension 14 (51.9%) 17 (58.6%) 0.810
  Osteoporosis 5 (18.5%) 6 (20.7%) 1.00
Frailty status (n (%)) 0.689
  Robust 6 (22.2%) 4 (13.8%)
  Pre-frail 19 (70.4%) 22 (75.9%)
  Frail 2 (7.4%) 3 (10.3%)
Data presented in n (%) or mean (SD)

Table 2  Outcome measures at baseline and 4-month across CG and IG
Control
(n = 27)

Intervention
(n = 29)

Group x Time interaction

Baseline 4-month p-value Baseline 4-month p-value B (95% CI) S.E. p-
value

Primary Outcomes
KES (kg) 14.00 (4.36) 13.52 (4.29) 0.439 15.13 (5.98) 16.58 (6.25) 0.189 1.63 (-0.73, 3.96) 1.20 0.180
MQ 13.07 (8.15) 10.28 (7.36) 0.128 17.45 (7.89) 13.46 (10.05) 0.005* -2.20 (-5.64, 1.37) 1.79 0.224
Falls efficacy 25.52 (10.39) 28.16 (7.69) 0.125 25.38 (10.80) 30.12 (11.74) 0.004* 2.85 (-2.22, 7.99) 2.60 0.279
Secondary Outcomes
PPA 1.48 (1.46) 1.35 (1.40) 0.720 1.59 (1.96) 1.16 (1.81) 0.096 -0.34 (-0.99, 0.32) 0.33 0.316
HGS (kg) 18.29 (4.37) 17.59 (4.83) 0.496 18.65 (7.46) 20.32 (8.58) 0.127 1.38 (-0.25, 3.03) 0.84 0.105
6-m fast GS (m/s) 1.34 (0.38) 1.36 (0.30) 0.680 1.40 (0.39) 1.43 (0.34) 0.879 0.01 (-0.09, 0.11) 0.05 0.875
TUG (s) 11.71 (5.88) 10.58 (2.59) 0.588 12.37 (6.72) 10.94 (3.28) 0.217 -0.88 (-2.71, 1.01) 0.94 0.357
30-s sit-to-stand 14.41 (4.32) 15.60 (5.80) 0.389 13.75 (3.73) 14.75 (4.47) 0.496 -0.18 (-2.14, 1.76) 0.99 0.859
EQ-5D index score 0.83 (0.09) 0.85 (0.05) 0.265 0.81 (0.12) 0.80 (0.11) 0.955 -0.03 (-0.08, 0.03) 0.03 0.348
GDS 3.33 (2.54) 2.96 (2.35) 0.829 4.07 (3.53) 4.00 (3.39) 1.00 0.22 (-1.30, 1.77) 0.78 0.781
Frailty 1.19 (0.88) 1.00 (1.00) 0.723 1.52 (0.87) 1.24 (1.05) 0.228 -0.12 (-0.69, 0.46) 0.29 0.684
Model adjusted for age, gender, education, living status and comorbidities

Data presented in n (%) or mean (SD)

B unstandardized beta coefficient, HGS handgrip strength, GDS Geriatric depression scale, GS Gait speed, KES Knee extension strength, MQ Maastricht questionnaire, 
PPA Physiological profile assessment, S.E. Standard error, TUG Timed up and go test, 95% CI 95% confidence interval, *p < .05

Table 3  Responses on intervention participant experience 
(n = 25)
Questionnaire Items Score
I enjoyed the program. 3.60 (0.50)
The instructor conducted the program in an engaging 
manner.

3.60 (0.50)

The instructor is knowledgeable and able answers my 
questions.

3.64 (0.49)

I am able to follow the exercises. 3.68 (0.48)
The intensity of the exercise was manageable 3.64 (0.49)
The instructor gives me to ability to perform the exercises 
on my own.

3.52 (0.51)

The program was relevant and useful to my activities of 
daily living.

3.48 (0.51)

After starting Baduanjin program, I feel stronger and more 
confident in my daily living.

3.32 (0.48)

After starting Baduanjin program, I felt more energetic and 
able to do more things in the day.

3.32 (0.56)

After starting Baduanjin program, my social interactions 
with others improved.

3.20 (0.50)

After starting Baduanjin program, I feel happier and more 
joyful.

3.44 (0.51)

After starting Baduanjin program, I am motivated to con-
tinue practising the exercise in the future.

3.56 (0.51)

After starting Baduanjin program, I will recommend the 
Baduanjin program to others.

3.60 (0.50)

Data presented in mean (SD)
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16-week program, which included difficulty in following 
the routine during initial stages and executing certain 
movements due to joint pain. When asked about how the 
exercise intervention could be improved, the majority 
suggested more exercise movements to add variation to 
the program.

Discussion
The present study examined the effectiveness and imple-
mentation of a 16-week BDJ exercise intervention for 
community-dwelling older adults with varying frailty 
status. BDJ was found to be a safe, feasible, and accept-
able exercise intervention that can be successfully 
implemented in community settings. Contrary to our 
hypothesis, the lack of statistically significant differences 
in all outcome measures between IG and CG suggests 
that the effectiveness of BDJ in predominantly pre-frail 
and frail older adults is inconclusive. Exploratory compli-
ance analyses revealed that BDJ could potentially alleviate 
vital exhaustion among participants with good adherence 
to the exercise intervention.

BDJ has been posited as a low-intensity exercise with 
several potential health benefits in different population 
groups [21–23] including older adults [28]. In a previous 
single-arm feasibility study, we reported improvements 
in physical and psychological outcomes among a small 
group of frail older adults after the same 16-week BDJ 
exercise intervention [20]. In alignment with these pre-
vious studies, the present study found that the direction 
of average effect estimates favors the BDJ intervention for 
most outcome measures. However, the 95% CI indicates 
that these estimates lack precision. Thus, we could not 
rule out the null hypotheses that there is no difference 
between IG and CG.

Counter to expectation, the present study findings sug-
gest that the magnitude of BDJ’s effects on physical, psy-
chological and frailty outcomes in community-dwelling 
older adults are likely modest. Comparison of change 
scores between both groups revealed that the effect sizes 
for all outcome measures are less than d = 0.4, or small 
to moderate [42]. Particularly, estimated effects on gait 
speed (d = 0.05), sit-to-stand performance (d = 0.03), and 
depression scores (d = 0.04) are likely too small to have 
clinical relevance. Such magnitudes are smaller than the 
synthesized effects found in a recent meta-analysis study 
that examined the effects of BDJ in Chinese older adults 
population [28]. As the meta-analysis included studies 
conducted in institutionalized settings and all outcome 
assessments were not blinded, the contrasting findings 
could likely be attributed to differences in study popula-
tion and methodological quality. Our trained assessors 
were blinded to group allocation in the present study. 
Therefore, our findings contribute to existing literature 
by providing robust evidence regarding the effects of BDJ 

in community-dwelling older adults who are predomi-
nantly prefrail or frail.

Preserving and improving muscle strength are impera-
tive among older adults, especially for those who are frail. 
Muscle weakness, which is a hallmark and recognized to 
be the first manifestation of frailty [43], is associated with 
greater risk of falls [44]. BDJ is purported to have ben-
eficial effects on muscular strength as it encompasses 
both upper and lower body isometric exercises while 
maintaining the postures in its routine [22]. However, we 
did not find any statistically significant changes in mus-
cular strength and physiological falls risk. As most par-
ticipants are pre-frail and a few are robust, it is possible 
that the intensity of BDJ is not sufficiently high to elicit 
observable improvements in our study sample. The lack 
of effects on physical performance among community-
dwelling older adults has also been previously reported 
in similar low-intensity interventions such as Tai Chi 
[45–47]. While some advocate for low-intensity physi-
cal activities for older adults to improve adherence [48], 
it is equally important to ensure that the exercise inten-
sity is adequate to maintain and improve physical func-
tion. Given that poor muscle strength and frailty are both 
associated with falls [44, 49], higher intensity resistance 
training may be required to evoke noticeable improve-
ments in frail older adults [11].

Exercise interventions have been demonstrated to have 
a small to moderate reduction in fear of falling among 
community-dwelling older adults [50]. Surprisingly, the 
IG was found to report increased fall efficacy scores after 
the 16-week BDJ intervention, indicating greater fear of 
falling. This surprising result could plausibly be attrib-
uted to the profile of study participants, in which almost 
half (48.3%) of IG had a history of falls. Given that his-
tory of falls is associated with greater fear of falling [51], 
the IG might have developed heightened anxiety of fall-
ing while engaging in the BDJ intervention. It has been 
shown that long-term exercise participation itself may 
not necessarily reduce fear of falling in older adults [52]. 
Thus, it might be necessary to supplement exercise pro-
grams with additional interventions to diminish the fear 
of falling in older adults.

Based on traditional Chinese medicine theory, Qigong 
is postulated to integrate the mind, body, and spirit 
through regulation of Qi to improve physical and mental 
well-being [53]. Such regulation of vital energy in Qigong 
has been found to relieve fatigue symptoms in various 
patient populations [54]. BDJ is designed to facilitate 
integrated Qi movements through its eight simple move-
ments routine [19]. Notably, in corroboration with find-
ings from our previous feasibility study [20], we observed 
a moderate to large improvement in exhaustion scores 
in the IG in the present study. In addition, subgroup 
analysis of participants with at least 75% attendance rate 
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yielded a statistically significant interaction between 
group and time for MQ scores. This suggests that with 
good adherence, the 16-week BDJ intervention was effec-
tive in reducing vital exhaustion. Considering that most 
transitions to frailty involved manifestation of exhaustion 
symptoms [43], BDJ could be potentially useful to man-
age this aspect of frailty.

Translational research is necessary to bridge the gap 
between research and practice [55]. Frailty interventions 
need to be implemented and evaluated in real-world set-
tings to for effective translation [56]. We showed that BDJ 
exercise program can be successfully implemented in 
local senior activity centers. Although there were some 
dropouts (13.7%), the exercise intervention exhibited 
good adherence with 81.3% average attendance. Social 
interaction can improve participation in community-
based programs [57]. Indeed, many IG participants cited 
social interaction opportunities as their motivation and 
appeal of the BDJ program, which was conducted in 
group settings. Even though some participants opted for 
some live stream sessions during COVID-19, they had 
opportunities for social interaction when participating in 
person and also had some limited interaction during live 
stream. The simple BDJ routine makes it a suitable exer-
cise for populations with physical or cognitive challenges 
[23, 24]. It can be practiced seated by persons using 
wheelchairs. The participant feedback survey revealed 
that all IG participants had positive experiences with the 
exercise intervention. While some cited initial challenges 
in learning the BDJ routine, all participants including 
one wheelchair user reported that they were confident 
of independently performing the BDJ exercise routine 
at the end of the 16-week intervention. Importantly, the 
absence of major adverse events suggests that BDJ is 
a safe exercise intervention for frail older adults when 
implemented under supervision of a qualified instructor. 
However, caution must be taken to manage participants 
with joint pains.

There are a few limitations to the present study. First, 
the study sample included some robust older adults. 
While low muscle strength was employed as the inclusion 
criteria to attempt to recruit a homogenous group of pre-
frail and frail older adults, one male and twenty female 
participants exhibited unexpectedly higher handgrip 
strength during the baseline assessment, with ten of the 
females classified as robust. Although the sample is rep-
resentative of the community-dwelling older adult popu-
lation, this deviation may limit the generalizability of the 
present study’s findings to the target population of frail 
older adults. Second, this study consists of community-
dwelling older adults. Thus, the findings may not gen-
eralize to frail older adults in institutionalized settings. 
In addition, while in concordance with similar previous 
studies conducted in the community [58, 59], readers 

should exercise caution when generalizing the results, 
as the sample was largely female. Considering that there 
are sex differences in adaptive responses to exercise [60], 
further studies with a more balanced gender distribution 
are needed to explore potential differences in the physi-
ological mechanisms underlying the effects of exercise. 
Third, the scope of this study was limited to examining 
the short-term effects of the BDJ intervention. Given that 
low-intensity exercises encourage exercise adherence [61] 
and thus plausibly confer health benefits in a longer time 
horizon, future studies could explore the effects of BDJ 
over an extended period. Last, this study only examined 
the effectiveness of BDJ on physical and psychological 
outcome measures. As a mind-body exercise, previous 
studies have demonstrated the potential beneficial effects 
of BDJ on cognitive measures [23, 24]. Thus, the effects of 
BDJ on cognitive function among frail older adults war-
rant further attention.

Conclusion
This study demonstrated that BDJ is a safe, feasible, and 
acceptable intervention that can be successfully imple-
mented in neighborhood senior activity centers for older 
adults with varying frailty status. With good adherence to 
the intervention, BDJ is potentially effective in reducing 
exhaustion. However, the present study’s results suggest 
that the effectiveness of BDJ on physical performance, 
psychological measures, and frailty in community-
dwelling older adults is equivocal. Exercise interventions 
with higher intensity levels are needed to elicit effects of 
greater magnitude.

Abbreviations
BDJ	� Baduanjin
CG	� Control group
IG	� Intervention group
MQ	� Maastricht questionnaire
PPA	� Physiological profile assessment
TUG	� Timed up and go test

Acknowledgements
First, the authors gratefully acknowledge the collaboration with Tsao 
Foundation, Yong-en Care Centre (Yong-en Active Hub), Sathya Sai Social 
Service (Tembusu Active Ageing Centre) for this study. Second, we are 
thankful to Mr Chong Siak Choy and Ms Lim Siew Eng for delivering the 
exercise intervention. Third, we thank Dr Ng Wai Chong and Hua Mei Clinic 
for conducting the pre-participation medical screening. Finally, we express 
our gratitude to Leong Yuet Chun, Dr Lau Lay Khoon, Khalid Abdul Jabbar, 
Ha Ngoc Huong Lien, Dr Lee Shuen Yee, Song Cai Feng, Cheryl Tan Yi Tong, 
and Phoo Pyae Sone Win for their contribution and support in participant 
recruitment and data collection.

Author contributions
NXT was involved in the data acquisition, data analysis, interpretation of the 
data and writing of the manuscript. SFG was involved in the data acquisition 
and writing of the manuscript. SH and MAT contributed to the conception 
and design of study. TPN contributed to the conception and design of study, 
and interpretation of the data. WSL contributed to the conception and design 
of the study, interpretation of the data, and critical revision of the manuscript. 
All authors read and approved the final version of the manuscript.



Page 10 of 11Tou et al. European Review of Aging and Physical Activity           (2024) 21:28 

Funding
This study was supported by funding from the Ministry of Health Singapore 
Traditional Chinese Medicine Grant (TCMRG-4-GERI-01) and Geriatric 
Education and Research Institute. The funders played no part in the design 
or conduct of the study; collection, management, analysis, or interpretation 
of the data; preparation, review, or approval of the manuscript; or decision to 
submit the manuscript for publication.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained from the National Healthcare Group Domain-
Specific Review Board (2020/00100). All participants provided written 
informed consent prior to participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Geriatric Education and Research Institute (GERI), 2 Yishun Central 2, 
Tower E Level 4 GERI Admin, Singapore 768024, Singapore
2Tsao Foundation, Singapore, Singapore
3S R Nathan School of Human Development, Singapore University of 
Social Sciences, 463 Clementi Road, Singapore 599494, Singapore

Received: 31 March 2024 / Accepted: 23 September 2024

References
1.	 Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 

Frailty in older adults: evidence for a phenotype. J Gerontol Ser Biol Med Sci. 
2001;56(3):M146–57. https://doi.org/10.1093/gerona/56.3.M146.

2.	 Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in 
community-dwelling older persons: a systematic review. J Am Geriatr Soc. 
2012;60(8):1487–92. https://doi.org/10.1111/j.1532-5415.2012.04054.x.

3.	 Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly 
people. Lancet. 2013;381(9868):752–. https://doi.org/10.1016/
S0140-6736(12)62167-9.  62.

4.	 Cesari M, Prince M, Thiyagarajan JA, De Carvalho IA, Bernabei R, Chan 
P, et al. Frailty: an emerging public health priority. J Am Med Dir Assoc. 
2016;17(3):188–92. https://doi.org/10.1016/j.jamda.2015.12.016.

5.	 Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implica-
tions for clinical practice and public health. Lancet. 2019;394(10206):1365–75. 
https://doi.org/10.1016/S0140-6736(19)31786-6.

6.	 Lang P-O, Michel J-P, Zekry D. Frailty syndrome: a transitional state 
in a dynamic process. Gerontology. 2009;55(5):539–49. https://doi.
org/10.1159/000211949.

7.	 Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between frailty states 
among community-living older persons. Arch Intern Med. 2006;166(4):418–
23. https://doi.org/10.1001/archinte.166.4.418.

8.	 Kojima G, Taniguchi Y, Iliffe S, Jivraj S, Walters K. Transitions between frailty 
states among community-dwelling older people: a systematic review and 
meta-analysis. Ageing Res Rev. 2019;50:81–8. https://doi.org/10.1016/j.
arr.2019.01.010.

9.	 Morley JE, Vellas B, Van Kan GA, Anker SD, Bauer JM, Bernabei R, et al. Frailty 
consensus: a call to action. J Am Med Dir Assoc. 2013;14(6):392–7. https://doi.
org/10.1016/j.jamda.2013.03.022.

10.	 Sezgin D, O’Donovan M, Woo J, Bandeen-Roche K, Liotta G, Fairhall N, et al. 
Early identification of frailty: developing an international delphi consensus on 
pre-frailty. Arch Gerontol Geriatr. 2022;99:104586. https://doi.org/10.1016/j.
archger.2021.104586.

11.	 Izquierdo M, Merchant R, Morley J, Anker S, Aprahamian I, Arai H, et al. Inter-
national exercise recommendations in older adults (ICFSR): Expert consensus 
guidelines. J Nutr Health Aging. 2021;25(7):824–53. https://doi.org/10.1007/
s12603-021-1665-8.

12.	 Ruiz J, Dent E, Morley JE, Merchant R, Beilby J, Beard J, et al. Screening for 
and managing the person with frailty in primary care: ICFSR consensus 
guidelines. J Nutr Health Aging. 2020;24:920–7. https://doi.org/10.1007/
s12603-020-1498-x.

13.	 World Health Organization. WHO guidelines on physical activity and seden-
tary behaviour. 2020.

14.	 Liu CK, Fielding RA. Exercise as an intervention for frailty. Clin Geriatr Med. 
2011;27(1):101–. https://doi.org/10.1016/j.cger.2010.08.001.  10.

15.	 Jadczak AD, Makwana N, Luscombe-Marsh N, Visvanathan R, Schultz TJ. Effec-
tiveness of exercise interventions on physical function in community-dwell-
ing frail older people: an umbrella review of systematic reviews. JBI Database 
Syst Reviews Implement Rep. 2018;16(3):752–75. https://doi.org/10.11124/
jbisrir-2017-003551.

16.	 T O, S L, R KP, J JM, Patterson C, V AA, et al. The effectiveness of exercise 
interventions for the management of frailty: a systematic review. J Aging Res. 
2011;2011. https://doi.org/10.4061/2011/569194.

17.	 Apóstolo J, Cooke R, Bobrowicz-Campos E, Santana S, Marcucci M, Cano A, et 
al. Effectiveness of interventions to prevent pre-frailty and frailty progression 
in older adults: a systematic review. JBI Database Syst Reviews Implement 
Rep. 2018;16(1):140. https://doi.org/10.11124/JBISRIR-2017-003382.

18.	 Lewsey SC, Weiss K, Schär M, Zhang Y, Bottomley PA, Samuel TJ, et al. Exercise 
intolerance and rapid skeletal muscle energetic decline in human age-
associated frailty. JCI Insight. 2020;5(20):e141246. https://doi.org/10.1172/jci.
insight.141246.

19.	 Koh T. Baduanjin-An Ancient Chinese Exercise. Am J Chin Med. 1982;10:14–
21. https://doi.org/10.1142/S0192415X8200004X.

20.	 Liu X, Seah JWT, Pang BWJ, Tsao MA, Gu F, Ng WC, et al. A single-arm feasibil-
ity study of community-delivered Baduanjin (Qigong practice of the eight 
brocades) training for frail older adults. Pilot Feasibility Stud. 2020;6:105. 
https://doi.org/10.1186/s40814-020-00649-3.

21.	 Wang X, Wu J, Ye M, Wang L, Zheng G. Effect of Baduanjin exercise on the 
cognitive function of middle-aged and older adults: a systematic review 
and meta-analysis. Complement Ther Med. 2021;59:102727. https://doi.
org/10.1016/j.ctim.2021.102727.

22.	 Zou L, Sasaki JE, Wang H, Xiao Z, Fang Q, Zhang M. A systematic review 
and meta-analysis of Baduanjin Qigong for health benefits: Randomized 
controlled trials. Evidence-Based Complementary Alternative Medicine. 
2017;2017. https://doi.org/10.1155/2017/4548706

23.	 Zou L, Pan Z, Yeung A, Talwar S, Wang C, Liu Y, et al. A review study on the 
beneficial effects of Baduanjin. J Altern Complement Med. 2018;24(4):324–35. 
https://doi.org/10.1089/acm.2017.0241.

24.	 Wang X, Wu J, Zhang H, Zheng G. Effect of Baduanjin exercise on executive 
function in older adults with cognitive frailty: a randomized controlled trial. 
Clin Rehabil. 2023. https://doi.org/10.1177/02692155231215891.

25.	 Xiao CM, Zhuang YC. Effect of health Baduanjin Qigong for mild to moder-
ate Parkinson’s disease. Geriatr Gerontol Int. 2016;16(8):911–9. https://doi.
org/10.1111/ggi.12571.

26.	 Lu Y, Qu H-Q, Chen F-Y, Li X-T, Cai L, Chen S, et al. Effect of Baduanjin Qigong 
exercise on cancer-related fatigue in patients with colorectal cancer 
undergoing chemotherapy: a randomized controlled trial. Oncol Res Treat. 
2019;42(9):431–9. https://doi.org/10.1159/000501127.

27.	 Zeng Z-p, Liu Y-b, Fang J, Liu Y, Luo J, Yang M. Effects of Baduanjin exercise for 
knee osteoarthritis: a systematic review and meta-analysis. Complement Ther 
Med. 2020;48:102279. https://doi.org/10.1016/j.ctim.2019.102279.

28.	 Jones C, Qi M, Xie Z, Moyle W, Weeks B, Li P. Baduanjin exercise for adults 
aged 65 years and older: a systematic review and meta-analysis of random-
ized controlled studies. J Appl Gerontol. 2022;41(4):1244–56. https://doi.
org/10.1177/07334648211059324.

29.	 Cheung DST, Chau PH, Lam T-C, Ng AYM, Kwok TWH, Takemura N, et al. A 
pilot randomized controlled trial using Baduanjin qigong to reverse frailty 
status among post-treatment older cancer survivors. J Geriatric Oncol. 
2022;13(5):682–90. https://doi.org/10.1016/j.jgo.2022.02.014.

30.	 Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, et al. 
CONSORT 2010 explanation and elaboration: updated guidelines for report-
ing parallel group randomised trials. Int J Surg. 2012;10(1):28–55. https://doi.
org/10.1016/j.ijsu.2011.10.001.

31.	 Chen L-K, Woo J, Assantachai P, Auyeung T-W, Chou M-Y, Iijima K, et al. Asian 
Working Group for Sarcopenia: 2019 consensus update on Sarcopenia 

https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/j.jamda.2015.12.016
https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1159/000211949
https://doi.org/10.1159/000211949
https://doi.org/10.1001/archinte.166.4.418
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1016/j.archger.2021.104586
https://doi.org/10.1016/j.archger.2021.104586
https://doi.org/10.1007/s12603-021-1665-8
https://doi.org/10.1007/s12603-021-1665-8
https://doi.org/10.1007/s12603-020-1498-x
https://doi.org/10.1007/s12603-020-1498-x
https://doi.org/10.1016/j.cger.2010.08.001
https://doi.org/10.11124/jbisrir-2017-003551
https://doi.org/10.11124/jbisrir-2017-003551
https://doi.org/10.4061/2011/569194
https://doi.org/10.11124/JBISRIR-2017-003382
https://doi.org/10.1172/jci.insight.141246
https://doi.org/10.1172/jci.insight.141246
https://doi.org/10.1142/S0192415X8200004X
https://doi.org/10.1186/s40814-020-00649-3
https://doi.org/10.1016/j.ctim.2021.102727
https://doi.org/10.1016/j.ctim.2021.102727
https://doi.org/10.1155/2017/4548706
https://doi.org/10.1089/acm.2017.0241
https://doi.org/10.1177/02692155231215891
https://doi.org/10.1111/ggi.12571
https://doi.org/10.1111/ggi.12571
https://doi.org/10.1159/000501127
https://doi.org/10.1016/j.ctim.2019.102279
https://doi.org/10.1177/07334648211059324
https://doi.org/10.1177/07334648211059324
https://doi.org/10.1016/j.jgo.2022.02.014
https://doi.org/10.1016/j.ijsu.2011.10.001
https://doi.org/10.1016/j.ijsu.2011.10.001


Page 11 of 11Tou et al. European Review of Aging and Physical Activity           (2024) 21:28 

diagnosis and treatment. J Am Med Dir Assoc. 2020;21(3):300–7. https://doi.
org/10.1016/j.jamda.2019.12.012.

32.	 Logan SL, Gottlieb BH, Maitland SB, Meegan D, Spriet LL. The physical activity 
scale for the Elderly (PASE) questionnaire; does it predict physical health? 
Int J Environ Res Public Health. 2013;10(9):3967–86. https://doi.org/10.3390/
ijerph10093967.

33.	 Meesters C, Appels A. An interview to measure vital exhaustion. II. Reliability 
and validity of the interview and correlations of vital exhaustion with 
personality characteristics. Psychol Health. 1996;11(4):573–81. https://doi.
org/10.1080/08870449608401990.

34.	 Delbaere K, Close JC, Mikolaizak AS, Sachdev PS, Brodaty H, Lord SR. The falls 
efficacy scale international (FES-I). A comprehensive longitudinal validation 
study. Age Ageing. 2010;39(2):210–6. https://doi.org/10.1093/ageing/afp225.

35.	 Lord SR, Menz HB, Tiedemann A. A physiological profile approach to falls 
risk assessment and prevention. Phys Ther. 2003;83(3):237–52. https://doi.
org/10.1093/ptj/83.3.237.

36.	 Podsiadlo D, Richardson S. The timed up & go: a test of basic functional 
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142–8. https://
doi.org/10.1111/j.1532-5415.1991.tb01616.x.

37.	 Lord SR, Murray SM, Chapman K, Munro B, Tiedemann A. Sit-to-stand perfor-
mance depends on sensation, speed, balance, and psychological status in 
addition to strength in older people. Journals Gerontol Ser A: Biol Sci Med Sci. 
2002;57(8):M539–43. https://doi.org/10.1093/gerona/57.8.M539.

38.	 Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Devel-
opment and preliminary testing of the new five-level version of EQ-5D 
(EQ-5D-5L). Qual Life Res. 2011;20:1727–36. https://doi.org/10.1007/
s11136-011-9903-x.

39.	 Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Devel-
opment and validation of a geriatric depression screening scale: 
a preliminary report. J Psychiatr Res. 1982;17(1):37–49. https://doi.
org/10.1016/0022-3956(82)90033-4.

40.	 Ware JE, Kosinski M, Keller SD. A 12-Item short-form Health Survey: construc-
tion of scales and preliminary tests of reliability and validity. Med Care. 
1996;34(3):220–33.

41.	 Stel VS, Smit JH, Pluijm SM, Visser M, Deeg DJ, Lips P. Comparison of the LASA 
Physical Activity Questionnaire with a 7-day diary and pedometer. J Clin 
Epidemiol. 2004;57(3):252–8. https://doi.org/10.1016/j.jclinepi.2003.07.008.

42.	 Jacob C. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: 
Erlbaum; 1988.

43.	 Xue Q-L. The frailty syndrome: definition and natural history. Clin Geriatr Med. 
2011;27(1):1–15. https://doi.org/10.1016/j.cger.2010.08.009.

44.	 Moreland JD, Richardson JA, Goldsmith CH, Clase CM. Muscle weakness and 
falls in older adults: a systematic review and meta-analysis. J Am Geriatr Soc. 
2004;52(7):1121–9. https://doi.org/10.1111/j.1532-5415.2004.52310.x.

45.	 Woo J, Hong A, Lau E, Lynn H. A randomised controlled trial of Tai Chi 
and resistance exercise on bone health, muscle strength and balance in 
community-living elderly people. Age Ageing. 2007;36(3):262–8. https://doi.
org/10.1093/ageing/afm005.

46.	 Liu J, Wang X-Q, Zheng J-J, Pan Y-J, Hua Y-H, Zhao S-M, et al. Effects of Tai 
Chi versus proprioception exercise program on neuromuscular function of 
the ankle in elderly people: a randomized controlled trial. Evidence-based 
Complement Altern Med. 2012;2012. https://doi.org/10.1155/2012/265486.

47.	 Wolf SL, Barnhart HX, Kutner NG, McNeely E, Coogler C, Xu T, et al. Reducing 
frailty and falls in older persons: an investigation of Tai Chi and computer-
ized balance training. J Am Geriatr Soc. 1996;44(5):489–97. https://doi.
org/10.1111/j.1532-5415.1996.tb01432.x.

48.	 Sparling PB, Howard BJ, Dunstan DW, Owen N. Recommendations for physi-
cal activity in older adults. BMJ. 2015;350. https://doi.org/10.1136/bmj.h100.

49.	 Cheng MH, Chang SF. Frailty as a risk factor for falls among community dwell-
ing people: evidence from a meta-analysis. J Nurs Scholarsh. 2017;49(5):529–
36. https://doi.org/10.1111/jnu.12322.

50.	 Kumar A, Delbaere K, Zijlstra G, Carpenter H, Iliffe S, Masud T, et al. Exercise for 
reducing fear of falling in older people living in the community: Cochrane 
systematic review and meta-analysis. Age Ageing. 2016;45(3):345–52. https://
doi.org/10.1093/ageing/afw036.

51.	 Lopes K, Costa D, Santos L, Castro D, Bastone A. Prevalence of fear of fall-
ing among a population of older adults and its correlation with mobility, 
dynamic balance, risk and history of falls. Braz J Phys Ther. 2009;13:223–9. 
https://doi.org/10.1590/S1413-35552009005000026.

52.	 Toyoda H, Hayashi C, Okano T. Associations between physical function, falls, 
and the fear of falling among older adults participating in a community-
based physical exercise program: a longitudinal multilevel modeling 
study. Arch Gerontol Geriatr. 2022;102:104752. https://doi.org/10.1016/j.
archger.2022.104752.

53.	 Jahnke R, Larkey L, Rogers C, Etnier J, Lin F. A comprehensive review of health 
benefits of qigong and tai chi. Am J Health Promotion. 2010;24(6):e1–25. 
https://doi.org/10.4278%2Fajhp.081013-LIT-248.

54.	 Wang R, Huang X, Wu Y, Sun D. Efficacy of qigong exercise for treatment of 
fatigue: a systematic review and meta-analysis. Front Med. 2021;8:684058. 
https://doi.org/10.3389/fmed.2021.684058.

55.	 Olswang LB, Prelock PA. Bridging the gap between research and practice: 
implementation science. J Speech Lang Hear Res. 2015;58(6):S1818–26. 
https://doi.org/10.1044/2015_JSLHR-L-14-0305.

56.	 Lim WS, Wong CH, Ding YY, Rockwood K, Lien C. Translating the science of 
frailty in Singapore: results from the national frailty consensus discussion. 
Ann Acad Med Singapore. 2019;48(1):25–31. https://doi.org/10.47102/annals-
acadmedsg.V48N1p25.

57.	 Liu X, Ng DH-M, Seah JW-T, Munro YL, Wee S-L. Update on interventions 
to prevent or reduce frailty in community-dwelling older adults: a scoping 
review and community translation. Curr Geriatr Rep. 2019;8:72–86. https://
doi.org/10.1007/s13670-019-0277-1.

58.	 Tou NX, Wee S-L, Seah WT, Ng DHM, Pang BWJ, Lau LK, et al. Effectiveness of 
community-delivered functional power training program for frail and pre-frail 
community-dwelling older adults: a randomized controlled study. Prev Sci. 
2021;22(8):1048–59. https://doi.org/10.1007/s11121-021-01221-y.

59.	 Lee SY, Goh A, Tan K, Choo PL, Ong PH, Wong WP, et al. Effectiveness of a 
community-delivered pneumatic machine resistance training programme 
(Gym Tonic) for older adults at neighbourhood senior centres–a random-
ized controlled trial. Eur Rev Aging Phys Activity. 2021;18(21). https://doi.
org/10.1186/s11556-021-00273-x.

60.	 Hawley SE, Bell ZW, Huang Y, Gibbs JC, Churchward-Venne TA. Evaluation 
of sex-based differences in resistance exercise training-induced changes 
in muscle mass, strength, and physical performance in healthy older 
(≥ 60 y) adults: a systematic review and meta-analysis. Ageing Res Rev. 
2023;91:102023. https://doi.org/10.1016/j.arr.2023.102023.

61.	 Burnet K, Higgins S, Kelsch E, Moore JB, Stoner L. The effects of manipulation 
of frequency, intensity, Time, and type (FITT) on exercise adherence: a meta-
analysis. Translational Sports Med. 2020;3(3):222–34. https://doi.org/10.1002/
tsm2.138.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.3390/ijerph10093967
https://doi.org/10.3390/ijerph10093967
https://doi.org/10.1080/08870449608401990
https://doi.org/10.1080/08870449608401990
https://doi.org/10.1093/ageing/afp225
https://doi.org/10.1093/ptj/83.3.237
https://doi.org/10.1093/ptj/83.3.237
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1093/gerona/57.8.M539
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1016/j.jclinepi.2003.07.008
https://doi.org/10.1016/j.cger.2010.08.009
https://doi.org/10.1111/j.1532-5415.2004.52310.x
https://doi.org/10.1093/ageing/afm005
https://doi.org/10.1093/ageing/afm005
https://doi.org/10.1155/2012/265486
https://doi.org/10.1111/j.1532-5415.1996.tb01432.x
https://doi.org/10.1111/j.1532-5415.1996.tb01432.x
https://doi.org/10.1136/bmj.h100
https://doi.org/10.1111/jnu.12322
https://doi.org/10.1093/ageing/afw036
https://doi.org/10.1093/ageing/afw036
https://doi.org/10.1590/S1413-35552009005000026
https://doi.org/10.1016/j.archger.2022.104752
https://doi.org/10.1016/j.archger.2022.104752
https://doi.org/10.4278%2Fajhp.081013-LIT-248
https://doi.org/10.3389/fmed.2021.684058
https://doi.org/10.1044/2015_JSLHR-L-14-0305
https://doi.org/10.47102/annals-acadmedsg.V48N1p25
https://doi.org/10.47102/annals-acadmedsg.V48N1p25
https://doi.org/10.1007/s13670-019-0277-1
https://doi.org/10.1007/s13670-019-0277-1
https://doi.org/10.1007/s11121-021-01221-y
https://doi.org/10.1186/s11556-021-00273-x
https://doi.org/10.1186/s11556-021-00273-x
https://doi.org/10.1016/j.arr.2023.102023
https://doi.org/10.1002/tsm2.138
https://doi.org/10.1002/tsm2.138

	﻿Effectiveness of community-based Baduanjin exercise intervention for older adults with varying frailty status: a randomized controlled trial
	﻿Abstract
	﻿Background﻿﻿﻿﻿
	﻿Methods
	﻿Study design
	﻿Participants
	﻿Intervention group
	﻿Control group
	﻿Outcomes
	﻿Primary outcome measures
	﻿Secondary outcome measures


	﻿Evaluation of program implementation
	﻿Sample size calculation
	﻿Statistical analysis
	﻿Results
	﻿Participant characteristics
	﻿Outcome measures
	﻿Compliance analysis
	﻿Implementation outcomes

	﻿Discussion
	﻿Conclusion
	﻿References


