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Abstract

Aims and Objectives: Quarantine during the COVID-19 pandemic resulted in longer-
term sedentary behaviours and mental health problems. Our study aimed to evaluate
the impact of the Otago exercise programme (OEP) on physical function and mental
health among elderly with cognitive frailty during COVID-19.

Background: Lockdowns and restrictions during the COVID-19 pandemic result in
longer-term sedentary behaviours related disease and mental problem. Older peo-
ple with cognitive frailty are more vulnerable to be influenced. Timely intervention
may achieve better outcomes, OEP exercise was designed as a balance and muscle-
strengthening programme for elderly people.

Design: A parallel-group, assessor-blinded randomised controlled trial was performed
according to CONSORT guidelines.

Methods: This study was conducted from July 2020 to October 2020 among 62 el-
derly people with cognitive frailty from a nursing home. Participants were randomly
divided into an OEP group (n = 31) or a control group (n = 31). Both groups received
sleep- and diet-related health education. The OEP group also received a 12-week
group exercise programme. The Five Times Sit to Stand Test (FTSST), Berg Balance
Scale (BBS), and Timed Up and Go Test (TUGT) were used to assess physical func-
tion. The Geriatric Depression Scale-15 (GDS-15) and the 12-Item Short Form Health
Survey Mental Component Summary (SF-12 MCS) were used to assess mental health.
Outcomes were measured at 6 and 12 weeks.

Results: Physical function and mental health were similar in the two groups at base-
line. At 12 weeks, the OEP group (difference in change from baseline: FTSST, -2.78;
TUGT, -3.73; BBS, 2.17; GDS-15, -0.72; SF-12 MCS, 2.58; all p < .001) exhibited sig-

nificantly greater improvements than the control group (difference in change from
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p < .001).

COVID-19 pandemic.

KEYWORDS

1 | INTRODUCTION

The Johns Hopkins University Center for Systems Science and
Engineering reported that as at 28 January 2021, COVID-19 had
infected more than 100 million people and accounted for 2 mil-
lion deaths globally (https://www.eficiens.com/coronavirus-stati
stics/). Elderly people living in nursing homes are at higher risk
for COVID-19 because of old age, immunocompromised status
and chronic disease (Davidson & Szanton, 2020; Szczerbinska,
2020). High risk of death occurs in older adults (Lloyd-Sherlock
et al., 2020). It is reported that 5,050 people had contracted
COVID-19 and 132 persons were infected in 16 care homes in
Hong Kong China (Chow, 2021). Given this epidemiological phe-
nomenon, the Government of China enforced lockdowns and
restrictions across the mainland (Chinese Center of Disease
Control & Prevention, 2021) to reduce infection. Although this
was one of the best options available to combat the virus, it also
resulted in lower physical function associated with longer-term
sedentary behaviours related to frailty and disabilities, as well
as poor mental health outcomes (e.g. depression and cognitive
decline) (Brooks et al., 2020; Pitkald, 2020). Because isolation
and quarantine limited outdoor exercise, several studies encour-
aged physical exercise to increase the function of the immune
system and various organ systems (Brooks et al., 2020; Pitkal3,
2020). The number of confirmed COVID-19 cases in China
dropped to 293 in May 2020, and the Chinese Government is-
sued guidelines on normal prevention and control for COVID-19,
which had moved from an emergency state to a normal state
(http://www.nhc.gov.cn/). It was also indicated that residents
in nursing homes should take personal protection measures.
Nursing homes in Hunan, China, therefore partially opened for
visits, meaning that rehabilitation care for this population could

resume.

baseline: FTSST, 1.55; TUGT, 1.66; BBS, -0.10; GDS-15, 1.07; SF-12 MCS, -5.95; all

Conclusion: Our findings showed the OEP group had better physical function and
mental health outcomes than the control group. OEP can be used to improve the

physical and mental function among elderly people with cognitive frailty during the

Relevance to clinical practice: Otago exercise program intervention programmes
should be implemented to improve physical function for cognitive frailty elderly to re-
duce the harm of longer-term sedentary behaviours, and to ruduce depression symp-

tom and improve mental health, particularly during COVID-19 pandemic period.

advanced nursing practice, health promotion, mental health, older people, quality of life,
randomised controlled trial

What does this paper contribute to the wider
global community?

e |Lockdowns and restrictions during the COVID-19 pan-
demic result in longer-term sedentary behaviours re-
lated disease and mental problem.

e The study found that OEP group has significant im-
provement on lower extremity strength, balance and
functional mobility, and mental health for elderly with
cognitive frailty.

e OEP can be used as a rehabilitation strategy for cogni-
tive frailty elderly during COVID-19 pandemic period.

1.1 | Background

Cognitive frailty is considered a heterogeneous clinical manifesta-
tion characterised by the simultaneous presence of both physical
frailty and cognitive impairment, but excluding Alzheimer's demen-
tia or other dementias (Kelaiditi et al., 2013). According to the differ-
ent types of cognitive impairment, cognitive frailty can be classified
as potentially reversible and reversible.

Reversible cognitive impairment is indicated by subjective cogni-
tive decline or positive fluid and imaging biomarkers of amyloid-beta
accumulation and neurodegeneration. The evaluation of reversible
cognitive frailty is subjective and may place a burden on an individ-
ual. Therefore, our study focused on the potentially reversible type
of cognitive frailty. Potentially reversible cognitive impairment is
considered mild cognitive impairment (MCI) (Ruan et al., 2015).

MCl is widely regarded as an intermediate stage of cognitive im-
pairment, which occurs between the changes seen in normal cogni-

tive ageing and those associated with dementia (Vega & Newhouse,
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2014). As a syndrome, MCl is defined as subjective and objective
decline in cognition and function greater than expected for an in-
dividual's age and education level, although they do not meet the
criteria for a diagnosis of dementia (Petersen, 2004).

The prevalence of cognitive frailty has been reported as
0.72% ~ 50.1% based on different assessment tools and individuals
(Feng et al., 2017; Merchant et al., 2017; Solfrizzi et al., 2017), and
that in nursing homes has been reported as 26.2% (Yan & Jing, 2018).
Longitudinal studies found that cognitive frailty was a risk factor for
poor quality of life, disability, dementia and even death (Arai et al.,
2018). Fortunately, cognitive frailty is reversible, timely intervention
may achieve better outcomes, and it has become the main target for
primary prevention (Lee et al., 2018).

Recent research on ageing has focused on interventions for
frailty with cognitive decline, such as pharmaceuticals or nutra-
ceuticals (Ruan et al., 2018), oxygen-ozone treatment (Scassellati
et al.,, 2020) and exercise (Casas-Herrero et al., 2019). The Aging-
ONDUAL-TASK study showed that multicomponent exercise with
simultaneous cognitive training was effective for physical, cognitive
and emotional variables linked to frailty (Rezola-Pardo et al., 2019).
A systematic review that investigated frail older people in residen-
tial care, the community and nursing homes demonstrated that most
studies provided evidence that structured exercise training (long du-
ration, performed three times per week) had a positive impact on
frail elderly people and may be used for frailty management (Theou
et al., 2011). A conceptual review of physical activity for functional
and cognitive impairment suggested that exercise was the only in-
tervention found to consistently improve important components of
frailty, including sarcopenia, physical function, cognitive condition
and depression (Landi et al., 2010). Although many previous studies
focused on frailty, few studies explored interventions for older peo-
ple with cognitive frailty, which is a particularly vulnerable group,
especially during crises such as COVID-19.

A previous study (Yoon et al.,, 2018) showed that resistance
exercise training was an effective strategy for cognitive frailty, al-
though the exercise parameters were unclear. The Otago exercise
programme (OEP) was originally designed as a home-based, super-
vised, progressive balance and muscle-strengthening programme for
elderly people (Campbell et al., 1997). Benefits of the OEP include
reducing falls by improving balance, strength and cognitive function
(Almarzouki et al., 2020; Liu-Ambrose et al., 2008). However, no
studies have examined the effect of OEP on those with cognitive
frailty. Therefore, this study aimed to assess effect of 12 weeks of

OEP among elderly with cognitive frailty living in nursing homes.

1.2 | Aim and hypotheses

This study aimed to assess the effect of 12 weeks group OEP among
older adults with cognitive frailty who was living in nursing homes dur-
ing the COVID-19 pandemic in China. We hypothesised that: (1) there
would be significant differences in physical and mental function among
participants who received the OEP intervention after 12 weeks; and

3
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(2) the level of physical function and mental health would be higher in

the intervention group after 12 weeks than in the control group.

2 | METHODS

2.1 | Research design

A parallel-group, assessor-blind randomised controlled trial was con-
ducted in a nursing home for 12 weeks from July 2020 to October
2020 during the COVID-19 pandemic. This randomised trial fol-
lowed the Consolidated Standards of Reporting Trials (CONSORT)
2010 guidelines (see File S1). Randomisation using a random num-
bers table was used to divide participants into an experimental (OEP)
group or a control group. Both groups received health education for
30 min at least once a month. In addition to health education, par-
ticipants in the OEP group received 12-week group OEP training for
30 min per session, three sessions per week. A flow diagram of the

study is shown in Figure 1.

2.2 | Assessment of cognitive frailty

Cognitive frailty refers to a clinical state of the co-occurrence of
physical frailty (defined by Fried's criteria), with MCI according to
the Ruan criteria (Ruan et al., 2015). Physical frailty can be classi-
fied using five domains: unintentional weight loss, which is defined
as involuntary weight loss over 4.5 kg or 5% of body weight in the
previous year; exhaustion, which is indicated by two self-reported
questions (e.g. ‘In the last week, how often | felt everything | did
was an effort or | could not get going’) drawn from the Center for
Epidemiological Studies Depression scale, with answers of more
than 3 days considered as exhaustion; low physical activity, which
was defined by <270 kcal/week for females or <383 kcal/week for
males according to the Minnesota Questionnaire Assessment Scale
(Taylor et al., 1978); weak muscle strength as evaluated by hand
strength, which was measured by using electronic hand dynamom-
eter (Zhongshan Camry Electronic Co. Ltd, Guangdong, China) and,
finally, slowness was evaluated by gait speed, which was identified
by measuring the time needed to walk 4.6 m as quickly as possible.
Weak muscle strength and slowness cut-off points were based on
sex- and body mass index-specific cut-off points and sex- and height-
specific cut-off points, respectively (Wu et al., 2014). Participants
were classified as frail (presence of three or more criteria), pre-frail
(presence one or two criteria) or robust (no criteria).

Cognitive function was measured with the Beijing version of the
Montreal Cognitive Assessment (MOCA-BJ) scale. The test covers
seven domains that detect cognitive impairment: visualisation/ex-
ecutive functions (maximum = 5), naming (maximum = 3), attention
(maximum = 3), language facilities (maximum = 3), delayed memory
(maximum = 5), abstraction (maximum = 2) and orientation (maxi-
mum = 6) (Yu et al., 2012). The total MOCA-BJ score ranges from O
to 30 points, and scores between 19 and 25 indicate MCI.
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Enrollment

Assessed for eligibility

FIGURE 1 CONSORT flow diagram
for the data collection procedure
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Follow-Up

T1: Follow-up at 6 weeks from baseline
® Hospitalization (n=1)
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® Hospitalization (n=1)

T2: Follow-up at 12 weeks from baseline
® Unwilling to participant (n=1)

T2: Follow-up at 12 weeks from baseline

v Analysis
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Data analysis (n=29 )

Data analysis (n=29 )

2.3 | Participants

Participants were recruited between June and July 2020 from a
nursing home in Changsha. In total, 62 participants with cognitive
frailty aged 75-92 years (average, 84.34 years) were recruited for
this study at baseline. The inclusion criteria were as follows: (a) aged
>75 years; (b) Fried score 21; (c) MoCA-BJ score of 19-25; (d) able
to perform OEP as determined by a physiotherapist; (e) resident in
the nursing home for more than 3 months; (f) literate; and (g) willing
to participate. Physical frailty was classified as pre-frail (score 1-2)
or frail (score 3-5) based on the Fried criteria (Fried et al., 2001).
Exclusion criteria were as follows: (a) suffering severe diseases, such
as paralysis, severe heart disease, or fractures; and (b) participating
in another clinical exercise study.

The sample size was calculated using Gpower 3.1.9.2 software
for repeated measures analysis of variance (ANOVA). We assumed
the correlation among repeated measures was 0.2. Therefore, 62
participants were required to achieve a medium effect size (0.25) at
a power of 80% and a significance level of 0.05.

2.4 | Interventions

Both study groups received an active intervention for 12 weeks.
Participants in the control group received 30 min of health education

at least once a month covering exercise knowledge. The contents of
this education included the benefit of exercise, recommendations
for physical activity for the elderly, and how to exercise scientifi-
cally, based on a Chinese exercise book for older people. In addi-
tion, we provided sleep- and diet-related information. Control group
participants were also asked to maintain their regular activity habits
and requested not to seek another intervention exercise programme
during the study period.

In addition to receiving the same health education as the
control group, the OEP group received 12 weeks of group OEP
training with a frequency of three sessions a week at 30 min per
session. The OEP consisted of 5 min warm-up, 10 min resistance
training and 15 min balance exercise. Each movement had dif-
ferent levels, and each level had different requirements. The
warm-up included head and neck exercise, body warm-up, and
ankle warm-up. Sandbags weighing about 0.5 kg were used to in-
crease ankle cuff weight for lower extremity strength resistance
training, which comprised knee extensors, knee flexors and hip
abductors (repeated as they could or 10 times), ankle plantar-
flexors and ankle dorsiflexors (10 repetitions, using a handrail or
not). The balance exercises comprised knee bends (four levels),
backwards walking (two levels), ‘8’ shape walking (two levels),
sideways walking (two levels), tandem stand (two levels), heel-toe
walking (two levels), one-leg standing (three levels), heel walking
(two levels), toe walking (two levels), backwards heel-toe walking
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(one level), sit-to-stand exercises (four levels) and stair walking
(Liu-Ambrose et al., 2008). Physiotherapists guided participants
to increase or decrease the exercise level according to an exer-
cise level table; if the participant completed a lower level, they
could progress to the next level. More detail is available from the
Otago Medical School website (www.acc.co.nz/otagoexercisepr
ogramme).

The OEP was guided by a physiotherapist who had clinical ex-
perience with elderly people, and was led by nurses. Participants
randomised to the OEP group were first evaluated by the physio-
therapist to ensure that all exercises were completed at their func-
tion level. To reduce bias and for better exercise guidance, OEP
exercises were conducted in a quiet room on Monday, Wednesday
and Friday. Exercise safety was ensured by the supervising nurses.
In addition, each participant received individual exercise safety ed-
ucation from the nurses, including wearing suitable shoes, drinking
enough water during the movements, eating food before exercise
to avoid hypoglycaemia and not exercising without protection in
case of falls. In addition, participants' vital signs were monitored
before and after training. As well as monitoring participants' tem-
perature, pulse oximetry was used to detect respiratory problems,
and a sphygmomanometer was used to monitor blood pressure. If
the blood oxygen was lower than 90% or blood pressure was lower
than 90/60 mmHg or higher than 140/90 mmHg, that participant
was required to stop the exercise and a doctor called for treatment.
After the training session, an exercise diary for each participant was
recorded by the supervising nurses, which detailed the exercise time
and frequency and any events.

The conditions of two groups were matched as closely as possi-
ble to control for confounding variables. To reduce bias, the health
education knowledge in both groups was performed by the same

nurses.

2.5 | Prevention of COVID-19 during
implementation

Measures were taken to prevent and control the spread of
COVID-19 in the nursing home during the study implementation.
First, we adopted closed management, with participants advised
not to leave the nursing home, and voluntary service and social
practice visits also suspended. The body surface temperatures of
participants and research workers were monitored before every
OEP session, and they were also required to undergo COVID-19
nucleic acid detection. People were allowed to enter the exercise
session if they had a temperature <37.0°C and negative nucleic
acid detection results. During the exercise session, staff encour-
aged participants to keep at least 1 metre from each other and
wear masks during activities. To ensure participants were informed
about the situation, COVID-19-related knowledge and news were
broadcast on a television. After each exercise session, the training

room was sterilised.
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2.6 | Randomisation and blinding

These participants were randomly divided into two equal-sized
groups using a random number table (31 participants in each group).
Although the participants and physiotherapist were unable to be
blinded, the outcome evaluation and data analysis assessor re-
mained blinded throughout the study.

2.7 | Outcome measures

2.71 | Physical function

Physical function comprises lower limb strength, balance and func-
tional mobility. The Five Times Sit to Stand Test (FTSST) was used
to assess lower limb strength and dynamic balance (Goldberg et al.,
2012). Participants were asked to sit in an armless straight-back
chair (46 cm height). They were instructed to complete sit-to-stand
once with arms folded across their chests (Duncan et al., 2011).
Those who accomplished this on the first attempt were guided to
complete five repetitions of this sit-to-stand as quickly as possible.
The test began with the signal ‘start’ and stopped after completion
of five movements; the duration was recorded by stopwatch. The
Berg Balance Scale (BBS) was used to evaluate balance. Participants
were required to accomplish 14 tasks related to static and dynamic
standing balance, ability to sit, stand up and transfer. The maximum
BBS score is 56, with each item scored from O to 4 (0 indicates the
lowest balance performance and 4 indicates the highest). The final
score is the sum of the points for each task. The BBS is a simple and
safe tool and takes around 15 min to complete (Qutubuddin et al.,
2005). The intra-rater reliability and inter-rater reliability for the
BBS were reported to be high, with pooled estimates of 0.98 and
0.97, respectively (Downs et al., 2013). The Timed Up and Go Test
(TUGT) was used to measure function mobility in dynamic activities
(Podsiadlo & Richardson, 1991). Participants were required to sit in
a chair with feet flat on the floor and backs pressed against the seat
rest for preparation. We assessed the time they took to stand up
from the chair, walk a distance of 3 metres at safe walking speed
in a linear path, turn around, walk back to the chair and sit down
(Sebastido et al., 2016).

2.7.2 | Mental health

The mental health variables were the Geriatric Depression Scale
(GDS-15) and 12-Item Short Form Health Survey Mental Component
Summary (SF-12 MCS) scores. A Chinese-language version of the
GDS-15 was used to measure the depressive mood (Mui, 1996). This
scale has 15 items requiring a ‘yes’ or ‘no’ response. The total score
ranges from O to 15, with scores of 5 or above considered to indicate
depression symptoms (Jeon et al., 2014). The Cronbach's alpha for
the Chinese GDS-15 was 0.793, and the retest reliability was 0.728
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(Tang, 2013). This scale has been extensively used in China (Quail
et al., 2020; Zhao et al., 2019). The SF-12 is used to evaluate the
health-related quality of life and covers eight subscales: general
health, physical function, role-physical, bodily pain, vitality (VT),
social functioning (SF), role-emotional (RE) and mental health (MH)
(Ware et al., 1996). The SF-12 MCS score is the mental dimension of
the SF-12 and is calculated from the SF, RE, MH and VT scores. The
Cronbach's alpha was 0.910, and the split-half reliability coefficient
was 0.812 in Chinese community-dwelling elderly people (Shou
etal., 2016).

2.8 | Data collection and procedure

Participants were recruited from a nursing home in Changsha.
Outcome assessors received training to ensure standardisation
of the data collection procedure and instruction on administering
scales and tools. After providing consent, participants in both groups
were asked to report information about demographic (age, sex, mari-
tal status, education level religion, smoking and drinking) and clini-
cal characteristics (disease and drug, insomnia, history of falls and
use of mobility aids) factors at baseline. Outcomes (physical func-
tion, cognitive function and depression) were measured before the
intervention and at 6 and 12 weeks after the intervention started.
Assessors introduced the questionnaire information to participants
in a face-to-face interview and provided help as needed for those

who had difficulty completing the scales.

2.9 | Ethical considerations

The study was approved by the Ethics Committee of Xiangya
Nursing School of Central South University (No. E202042). Informed
consent was obtained from all participants before the study started.
Participants were informed about their right to withdraw from the
exercise programme at any time and assured of the confidentiality
of data collection and management. The participants in the control
group were advised that they could receive the same intervention
after this study finished if they wished. This study was registered
with the Chinese Clinical Trial Registry (ChiCTR2000039592).

2.10 | Data analysis

All data analyses were performed using SPSS version 18.0.
Participants' baseline demographic and questionnaire data were
summarised using descriptive statistics. Mean +standard deviation
was used to describe continuous variables and number (percent-
age) for categorical variables. Two-sample t tests, Kruskal-Wallis
tests, and chi-square tests were used to compare differences
between the OEP and control groups. Two-way ANOVA with re-
peated measurement (group x time) was used to compare the in-
tervention effects over time on measured outcomes. The changes

in mean difference scores for outcome variables were compared

using two-sample t tests.

2.11 | Validity and reliability

To enhance the validity and reliability of the data, privacy and a quiet
environment were chosen for data collection in addition to the use
of validated instruments. Data integrity was inspected carefully after
each participant completed the questionnaire. We also performed
double entry of the data to ensure accuracy before conducting the
statistical analyses.

3 | RESULTS

A total of 165 nursing home residents were initially recruited, al-
though 103 residents were excluded: 83 did not meet the inclusion
criteria, 15 refused to participate, and five were excluded for other
reasons. All participants were screened with a face-to-face interview
and provided written informed consent. Finally, 62 participants were
included in this study and coded. At baseline, the 62 participants
that met the inclusion criteria were randomised to the control group
(n = 31) or the OEP group (n = 31). Two participants withdrew from
this study at 6 weeks because of hospitalisation, and one was unwill-
ing to participate at 12 weeks. Finally, the control group included 30
participants, and the OEP group included 29 participants. Figure 1
shows the flow diagram of the study progress.

The mean age of the OEP group was 84.75 + 5.41 years and that
of the control group was 84.59 + 4.21 years, which were comparable.
Most participants in both groups were female (control group 60% vs.
OEP group 82.8%) and married (control group 73.3% vs. OEP group
93.1%). There were no statistically significant differences at baseline
in sociodemographic and clinical characteristics between the two
groups (see Table 1). Table 2 summarises the baseline characteris-
tics for physical function and mental health in the two groups. There
were no significant differences between the two groups in baseline
scores for the FTSST, TUGT, and BBS, depression, and SF-12 MCS.

3.1 | Effect of the intervention

The effects of the OEP intervention on physical function and mental
health outcomes are shown in Table 3. For physical function, there
were significant main effects on FTSST (p < .05), TUGT (p < .05)
and BBS (p < .05) scores, which indicated different physical func-
tion effects in the two groups. Significant interaction effects were
observed for FTSST (p < .001), TUGT (p < .001) and BBS (p < .001)
scores. There were significant differences (p < .05) in the two groups
in changes in FTSST, TUGT and BBS scores at 6 and 12 weeks com-
pared with baseline (Table 4). The difference in the two groups for
the FTSST change from baseline at 6 weeks was 0.39 (control group)
and -1.28 (OEP group), and from baseline at 12 weeks was 1.55
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TABLE 1 Baseline characteristics by

Control grou OEP grou
study groups (n = 30) Al (n= 2g9) - 2 p

Age (year)

Mean (SD) 84.75 (5.41) 84.59 (4.21) -0.150° .988
Sex, n (%)

Male 12 (40) 5(17.2) 3.724 .054

Female 18 (60) 24 (82.8)
BMI (kg/m?)

Mean (SD) 22.91(4.31) 23.71(3.31) -0.795? 430
Marriage status, n (%)

Widowed 8(26.7) 2(6.9) 2.810° .094

Married 22 (73.3) 27 (93.1)
Education level, n (%)

Primary school or 12 (40) 7(24.1) 4.515 211

below

Junior high school 3(10) 8(27.6)

Senior high school 7 (23.3) 9 (31)

College degree or 8(26.7) 5(17.2)

above

Religion, n (%) 6(20) 6(20.7) 0.004 .948
Comorbidity, n (%)

Hypertenson 19 (63.3) 21(72.4) 0.557 456

Heart disease 12 (40) 15(51.7) 0.817 366

Cataracts 3(10) 8(27.6) 3.007 .083
Insomnia, n (%) 13 (43.3) 11 (37.9) 0.178 673
Using walking aid, n (%) 11 (36.7) 11 (37.9) 0.010 .920
Physical frailty (score)

Mean (SD) 2.23(1.04) 2.23(0.98) 0.131° .895
MoCA (scores)

Mean (SD) 21.67 (2.30) 21.21(2.77) 0.694° 491

Abbreviations: BMI, Body mass index; MoCA, Montreal Cognitive Assessment.
dIndependent t test.
bFisher's exact test

TABLE 2 Baseline outcome variables of

.. . Control
participants in the control and OEP groups L

(n=30) OEP group (n = 29)

Mean (SD) Mean (SD) t p
FTSST (time, second) 17.46 (6.47) 16.20 (4.74) 0.915 364
TUGT (time, second) 17.69 (6.66) 16.80 (6.63) 0.310 758
Berg balance scale 43.80 (5.74) 45.55 (6.57) -1.092 .280

(scores)

GDS-15 (scores) 3.90(2.28) 3.97 (2.49) -0.106 916
SF-12 MCS (scores) 53.55(9.74) 50.55 (9.27) 1.211 231

Abbreviations: FTSST, Five Times Sit to Stand Test; GDS-15, Geriatric Depression Scale-15; SF-12
MCS, Short Form 12-item health survey Mental Component Summary; TUGT, Timed Up and Go
Test.

(control group) and -2.78 (OEP group). That for TUGT change from The change in BBS scores at 6 weeks was -0.27 (control group) and
baseline at 6 weeks was 0.62 (control group) and -1.63 (OEP group), 2.17 (OEP group), and at 12 weeks was -0.10 (control group) and
and at 12 weeks was 1.66 (control group) and -1.63 (OEP group). 4.31 (OEP group).
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TABLE 3 Comparison of mean scores of outcome variables between two groups
p for groups x time p for p for
Variables Baseline 6 weeks 12 weeks interaction groups time
FTSST (time, second)
Control group 17.46 (6.47) 17.85 (6.16) 19.01 (6.15) 000 030" 065
Mean (SD)
OEP group 16.20 (4.74) 14.92 (4.47) 13.41 (4.12)
Mean (SD)
TUGT (time, second)
Control group 17.70 (6.66) 17.25 (6.60) 19.44 (6.57) .000" 037" 019
Mean (SD)
OEP group Mean (SD) 16.80 (6.63) 15.17 (6.25) 13.08 (4.65)
Berg balance scale scores
Control group 43.80(1.13) 43.67 (1.12) 43.83(1.09) .000 013’ .000
Mean (SD)
OEP group 45.55 (1.14) 47.72 (1.14) 49.86 (1.11)
Mean (SD)
GDS-15 (scores)
Control group 3.90(2.28) 4.17(2.35) 4.97 (2.71) .000° 175 010
Mean (SD)
OEP group 3.97 (2.49) 3.38(2.19) 3.24 (2.10)
Mean (SD)
SF-12 MCS (scores)
Control group 52.70 (8.94) 49.87 (8.20) 46.75 (9.22) 000 .381 033
Mean (SD)
OEP group 49.98 (8.67) 52.24 (8.06) 52.56 (8.05)
Mean (SD)

Abbreviations: Cl, Confidence interval; FTSST, Five Times Sit to Stand Test; GDS-15, Geriatric Depression Scale-15; MD, mean difference; SD,
Standard deviation; SF-12 MCS, Short Form 12-item health survey Mental Component Summary;TUGT, Timed Up and Go Test.

*p < .05.

For mental health, the significant time effect (p <.001) and inter-
action effect between the intervention groups and time (p < .001)
indicated the group effects on change in GDS-15 and SF-12 MCS
scores from baseline differed significantly over time (see Table 3).
There were significant differences (p < .05) between the two groups
in the changes in GDS-15 and SF-12 MCS scores at 6 and 12 weeks
compared with baseline (Table 4). The differences in the two groups
for GDS-15 change from baseline at 6 weeks was 0.27 (control
group) and -0.59 (OEP group) and at 12 weeks was 1.07 (control
group) and -0.72 (OEP group). The SF-12 MCS at 6 weeks was -2.83
(control group) and 2.25 (OEP group), and at 12 weeks was -5.95
(control group) and 2.58 (OEP group).

The interaction diagram for FTSST, TUGT, BBS, GDS-15 and SF-
12 MCS scores from baseline to follow-up (6 and 12 weeks) between

the OEP and control groups was depicted in figures (2-6).

4 | DISCUSSION

People with advanced age and cognitive frailty are more vulnerable
to COVID-19. Our study aimed to determine the effects of 12 weeks
of OEP training on physical function and mental health outcomes

among elderly people with cognitive frailty. The results showed that
OEP was an effective way to improve functional mobility and men-
tal health outcomes in this population. Our results support a recent
study that reported physical exercise was an effective therapy for
both mental and physical health among elderly people during the
COVID-19 pandemic (Jiménez-Pavon et al., 2020). Previous stud-
ies (Bray et al., 2016; Cadore et al., 2013) suggested the suitable
frequency of multicomponent exercise was 2-3 times per week for
30-45 min, which was consistent with the exercise parameters in
our study. However, another study (Smith et al., 2003) suggested a
duration of exercise of 5 months or longer may contribute to better
outcomes. Therefore, further studies are needed to explore the op-
timal dose of OEP for elderly people with cognitive frailty.

To comprehensively evaluate physical function, the FTSST
was used to evaluate lower extremity strength, and the TUGT
and BBS were used to evaluate functional mobility and balance,
respectively. We found significant improvements in FTSST, TUGT,
and BBS scores following the OEP training compared with the con-
trol group after 12 weeks. Although the OEP offers an effective
method for improving physical function in older people, it is the
first time that this programme has been used among those with
cognitive frailty during the COVID-19 pandemic. A previous study
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TABLE 4 The change of outcome
variables during 12 weeks between two
groups

FIGURE 2 Mean changes from baseline
for the Five Times Sit to Stand Test.
(FTSST) over the 12-week period. OEP:
Otago exercise program; T1 = Before
intervention; T2 = 6 weeks follow-up;

T3 =12 weeks follow-up

FIGURE 3 Mean changes from
baseline for the Timed Up and Go Test
(TUGT) over the 12-week period. OEP:
Otago exercise program; T1 = Before
intervention; T2 = 6 weeks follow-up;
T3 =12 weeks follow-up

(Olanrewaju et al., 2020) found that a longer sedentary time was
associated with a thinner medial temporal lobe, abnormal cerebral
blood flow, increased white matter hyperintensities and decreased

Variables

FTSST (time, second)

Baseline
Change at 6 weeks
Change at 12 weeks

TUGT (time, second)

Baseline
Change at 6 weeks
Change at 12 weeks

Berg balance scale (scores)

Baseline
Change at 6 weeks
Change at 12 weeks

GDS-15 (scores)

Baseline
Change at 6 weeks
Change at 12 weeks

SF-12 MCS (scores)

Baseline
Change at 6 weeks
Change at 12 weeks

Control group

17.46 (6.47)
0.39 (2.24)
1.55(1.40)

17.69 (6.66)
0.62(0.87)
1.66 (2.00)

43.80 (5.74)
-0.27 (2.35)
-0.10 (2.55)

3.90(2.28)
0.27 (1.11)
1.07 (1.72)

53.55 (9.74)
-2.83(5.42)
-5.95(7.24)
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OEP group t p
16.20 (4.74) 0.915 .364
-1.28 (1.66) 3.266 .002
-2.78 (2.00) 9.676 .000
16.80 (6.63) 0.310 .758
-1.63(2.11) 5.407 .000
-3.73 (3.61) 7.082 .000
45.55 (6.57) -1.092 .280
2.17(2.17) -4.138 .000
4.31(3.41) -5.635 .000
3.97 (2.49) -0.106 916
-0.59 (1.09) 2.979 .004
-0.72 (1.16) 4,669 .000
50.55(9.27) 1.211 231
2.25(5.90) -3.452 .001
2.58 (6.26) -4.835 .000

Abbreviations: FTSST, Five Times Sit to Stand Test; GDS-15, Geriatric Depression Scale-15;
MD, mean difference; SF-12 MCS, Short Form 12-item health survey Mental Component
Summary;TUGT, Timed Up and Go Test.

FTSST (Second)

TUGT (Second)
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brain-derived neurotrophic factor levels. These changes were re-
lated to physical frailty and cognitive function. The reason for the
positive change in physical function shown in this study may be
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FIGURE 4 Mean changes from baseline
for the Berg Balance Scale (BBS) over the.
12-week period. OEP: Otago exercise
program; T1 = Before intervention;

T2 = 6 weeks follow-up; T3 = 12 weeks
follow-up
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that regular exercise minimised the effects of a sedentary lifestyle
during the COVID-19 pandemic.

For lower limb muscle strength, the OEP movement includes
weight-bearing exercises (e.g. weight-bearing knee abduction and
flexion, weight-bearing hip abduction). Strength training can stim-
ulate the body and increase the demand for protein, leading to
increased myoprotein synthesis and muscle oxygen consumption,
which may increase muscle content and improve lower limb mus-
cle strength (Lord et al., 1996). A recent study (Leem et al., 2019)
used an electronic muscle strength meter to measure the effects
of OEP exercise on muscle strength, and found positive effects.
From a biomechanical perspective, a decreased muscle contrac-
tion function of the lower extremities in elderly people can also
cause a decline in muscle strength (Hewston et al., 2020). The ‘pad
tip’ and ‘tiptoe’ movements in the OEP have positive effects on
stretching the lower extremity muscles, which may help to slow the
progress of muscle strength decline. Therefore, we recommended
OEP training as a daily life activity for elderly people to increase
lower limb muscle strength. However, the weight of the sandbag

13

used in our study was consistent at 0.5 kg; further studies need
to gradually increase the lower limb load to better train lower limb
muscle strength.

Functional mobility and balance are affected by physiological
ageing and degeneration of proprioception, and the vestibular sys-
tem occurs as one grows older (Yoo et al., 2013). Our study showed
that the OEP can improve the balance function. The programme con-
tains 12 balance movements, which are helpful in training the brain
and coordination of muscles and nerves, improving the body's pro-
prioceptive ability, training the visual vestibular function and regain-
ing balance when moving unconsciously (Benavent-Caballeret al.,
2016; Ries et al., 2015). In addition, a study that investigated the
effect of video-supported group-based OEP on community-dwelling
older adults that was performed for 4 months found the mean dif-
ference in BBS score between the intervention and control groups
was 3.5 points, whereas that in this study was 4.3 points (Benavent-
Caballer et al., 2016; Ries et al., 2015). This suggested that face-to-
face group OEP may have a better effect on improving balance than
video-supported group-based OEP.
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We found that group OEP reduced participants' depression
scores and improved their mental health-related quality of life. A
previous study (Kyrdalen et al., 2014) showed that the group OEP
had a medium effect size (0.54) for mental health-related quality
of life among fall-prone older people. However, that study did not
explore the effects of group OEP on elderly people with cognitive
frailty. Our study reinforces previous findings in this field.

Social isolation may lead to depression and mental health prob-
lems (Santini et al., 2020). Depression may increase levels of inflam-
matory cytokines such as interleukin 6, tumour necrosis factor o and
C-reactive protein (Ruan et al., 2017). These inflammatory factors
can cause decline in muscle density and skeletal muscle mass, which
may bring about cognitive frailty. Several studies have reported that
regular exercise can reduce the level of chronic inflammatory cyto-
kines and tumour necrosis factors related to depressive symptoms
(Paolucci et al., 2018). In addition, constructs such as self-concept
and self-esteem promote mental health and reduce the negative in-
fluence of social isolation (Folkins & Sime, 1981; Maugeri et al., 2020).
As a regular and systematic physical activity, the OEP may promote
mental health through reducing chronic inflammatory reactions and
promoting self-concept. In addition, each OEP exercise is simple and
has moderate intensity, which creates a relaxed and comfortable ex-
ercise atmosphere for elderly people, which may help to relieve the
depression caused by excessive excitement in the cerebral cortex.
The OEP can effectively improve muscle strength and balance abil-
ity among elderly people, and alleviate the symptoms of depression,

thereby promoting improvement in health-related quality of life.

4.1 | Limitations

This study showed that the OEP was effective for improving physi-
cal function and mental health among elderly people with cognitive
frailty. However, it also had several limitations. The small sample size
and short intervention period may be considered limitations. Our
study only showed the short-term effect of OEP among older people
with cognitive frailty, and the data are therefore only representative
of a short-term effect. Studies including a large number of partici-
pants and longer-term intervention are needed to build on our find-
ings. Because of the restrictions on personnel during the COVID-19
outbreak, we could only conduct the OEP with the intervention
group. This means it is difficult to separate the beneficial effects of

the programme from a beneficial Hawthorne effect.

4.2 | Futureresearch

Our research indicated that it is hard for those aged over 85 years to
perform ‘8’ shape walking and sit-to-stand exercises. Therefore, per-
sonalised exercise programmes should be targeted at people over
85 years. As previously described, the exercise parameters in this
study were 3 sessions per week for 30 min per session; these param-
eters could be adjusted. We are also planning further research on
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the effect of the OEP on physical and cognitive frailty among older
people with cognitive frailty. We will conduct a study to compare the
effects of the OEP with an alternative exercise programme, such as

Taiji or Baduanjin.

5 | CONCLUSION

In conclusion, our findings indicate that the OEP group had better
outcomes with respect to physical and mental function. We recom-
mend the OEP can be used to improve the physical and mental func-
tion among older people with cognitive frailty during the COVID-19

pandemic and similar lockdown/quarantine situations.

6 | RELEVANCE TO CLINICAL PRACTICE

Relevance to clinical practice Otago exercise program intervention
programmes should be implemented to improve physical function
for cognitive frailty elderly to reduce the harm of longer-term sed-
entary behaviours, and to ruduce depression symptom and improve

mental health, particularly during COVID-19 pandemic period.
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