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ARTICLE INFO ABSTRACT

Keywords: Background: Insomnia and depression are prevalent mental disorders that are often comorbid among older adults.
Insomnia Lifestyle intervention strategies incorporating Tai Chi or conventional exercise have been shown to alleviate
Depressive symptoms symptoms of insomnia and depression. However, the comparative efficacy of these exercise modalities in in-
E:L:C:}ilsle dividuals with both disorders has yet to be determined. Therefore, the aim of this study is to examine the efficacy

of Tai Chi and conventional exercise for reducing depressive symptoms in older adults with chronic insomnia and
depressive symptoms, when compared to a health education control.

Methods: This study is a prospective, assessor-blinded, three-arm, parallel group, randomized controlled trial.
Older adults aged >60 years with a diagnosis of chronic insomnia and depressive symptoms will be randomly
assigned to a Tai Chi, conventional exercise or health education control condition on a 1:1:1 basis. Interventions
will last for 3 months, with a 6-month follow-up period. The primary outcome is depressive symptoms, assessed
using the Hospital Anxiety and Depression Scale. Secondary outcomes include subjective sleep quality, 7-day
actigraphy, 7-day sleep diary, anxiety symptoms, quality of life, medication usage and physical function. All
measurements will be conducted at baseline, 3 months and 9 months by outcome assessors who are blinded to
group allocation.

Discussion: This study will compare the efficacy of Tai Chi and conventional exercise in improving depression
outcomes in older adults with chronic insomnia and depressive symptoms. Our results will shed light on the
clinical potential of these interventions for combating insomnia and depression in older adults.

Older adults

Insomnia occurs in nearly 50% of the older adult population'®'! and

is a strong risk factor for the future development of depressive disor-

1. Introduction

Depression is the main cause of disability worldwide and a primary
contributor to the global burden of disease.’ Depression occurs in 7% of
older adults and accounts for 5.7% of years lived with disability among
individuals aged over 60 years old.” Up to 16% of community-dwelling
older adults develop clinically significant depressive symptoms, of
which 32% can advance into a severe chronic course.>* Late-life
depressive symptoms are associated with cognitive impairment, medi-
cal comorbidity and mortality,”” and with an increased risk of hospi-
talization and cost of medical services.*°

ders.'>'® The relationship between depression and insomnia is bidi-
rectional, as sleep difficulties can manifest prior to or after the onset of a
depressive episode,'®'° and up to 90% of individuals with depression
report sleep quality complaints.'® In fact, depression is the most frequent
cause of chronic insomnia in both clinical and general populations.'”*®
In a recent randomized clinical study in older adults with insomnia but
without depression,'” cognitive behavioral therapy for insomnia (CBT-I)
was found to prevent the incidence and recurrence of major depressive
disorder when compared to a sleep education therapy control. In
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addition, the magnitude of the treatment effect on depression incidence
was contingent on the rate of insomnia remission in both intervention
groups. These findings strengthen the relationship between depression
and insomnia, and suggest that treating one disorder can prevent the
incidence and recurrence of the other. Among the nonclinical treatments
for insomnia, exercise represents a safe and accessible alternative. The
use of exercise to improve insomnia symptoms is supported by scientific
literature,”’ %> and is endorsed by European and American sleep
guidelines.”®?* Similarly, exercise can alleviate symptoms of depression
in older adults®> %’ and improve sleep quality outcomes in depressed
individuals.?®

Conventional exercise programs targeted at improving depression
and insomnia commonly involve aerobic (e.g., walking, running,
swimming) or resistance (e.g., weightlifting, bodyweight exercises)
training activities. These programs are safe and easy to perform for older
adults,?>*" yet fear of injury and the inability to execute exercises
correctly are strong barriers hindering participation.®' In addition, it
remains unclear whether different forms of exercise have differential
effects on depressive symptoms in seniors. Further insight regarding the
effects of specific exercise modalities is needed to provide older adults
with evidence-based training alternatives. Mind-body exercise is a po-
tential alternative to conventional exercise to improve mental and
physical outcomes while posing minimal risks. Tai Chi is a traditional
Chinese mind-body practice that incorporates multimodal physical and
mental components. Unlike conventional exercise, Tai Chi includes
meditation and breathing components while performing specific martial
art techniques. Epidemiological studies have demonstrated that
mind-body exercise such as Tai Chi is widely used in the Chinese com-
munity, where over 20% of middle-aged and older adults practice
regularly,®” and is becoming increasingly popular in Western countries,
where prevalence trends have reached 15%.* Tai Chi is beneficial for
balance, flexibility and strength and is safe to perform without the risk of
adverse events or serious injuries.>**° It is well acknowledged as a
suitable activity for older people, even if they are inactive or unfit.
Furthermore, Tai Chi can help with osteoarthritis management, reduce
the risk of falls, improve cardiorespiratory function, and be used for
treatment and prevention of various psychosomatic disorders.>>>¢

Robust evidence suggests that Tai Chi is effective for improving sleep
outcomes in adults with different conditions, such as depression, cancer,
osteoarthritis and fibromyalgia.>” Our team recently conducted a study
comparing the effects of Tai Chi and conventional exercise in older in-
somniacs and found that both interventions significantly improved
objectively-measured sleep efficiency when compared to a control
condition.>® However, little is known regarding the comparative effi-
cacy of these interventions on depression outcomes in older adults with
insomnia and depressive symptoms. The targeted study population of-
fers important advantages relating to the application of our anticipated
findings to real-life settings. For instance, the inclusion of adults with
insomnia and depressive symptoms allows for the opportunity to iden-
tify and intervene in individuals who are at higher risk of developing
clinical depression, potentially preventing the deterioration of the dis-
ease before it fully manifests. In addition, insomnia disorder is generally
less stigmatized than depression.>’ Therefore, interventional studies
involving insomnia as the primary clinical morbidity might be more
easily accepted than studies on depression treatment. Preliminary evi-
dence suggests that CBT-I can be effective for treating and preventing
both depression and insomnia'?; however similar therapeutic efficacy of
other nonclinical treatment modalities is currently unknown.

Considering the strong prevalence of depression and insomnia in the
older adult population and the health repercussions that they can cause,
as well as the clinical potential of exercise modalities for treating these
disorders, we designed a comparative randomized controlled trial to
examine the efficacy of Tai Chi and conventional exercise in alleviating
depressive symptoms in older adults who are coincidently suffering from
chronic insomnia and depressive symptoms. The results will be critical
to establish whether lifestyle intervention strategies such as Tai Chi and
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conventional exercise can be used to improve depressive symptoms, as
well as several secondary outcomes, in a prevalent yet understudied
cohort. We hypothesized that Tai Chi and conventional exercise will
significantly improve symptoms of depression, when compared to a
health education control group. In addition, we aimed to explore po-
tential differences in treatment efficacy between Tai Chi and conven-
tional exercise.

2. Methods
2.1. Study design and setting

This study is a prospective, assessor-blinded, three-arm, parallel
group, randomized controlled trial. Community-dwelling older adults
with chronic insomnia and depressive symptoms will be recruited and
randomized to a Tai Chi, conventional exercise or health education
control group (Fig. 1). The study promotion began in January 2021,
however due to the COVID-19-related measures that were in vigour in
Hong Kong, the study registration and recruitment period were signifi-
cantly delayed. After the COVID-19 restrictions were lifted, the protocol
of this study was approved by the Institutional Review Board of the
University of Hong Kong/Hospital Authority Hong Kong West Cluster
(reference UW 20-026) and was registered on ClinicalTrials.gov with
identifier NCT05482646 (August 1, 2022). As a result, participant
recruitment began on August 2, 2022, and was completed by December
2023.

All outcome assessments for this study will be performed at baseline,
3 months (postintervention) and 9 months (6 months follow-up). The
outcome assessments, interviews and control sessions will be conducted
at the University of Hong Kong in rooms suited for administering tests
and delivering health education classes. The Tai Chi and exercise ses-
sions will be conducted in exercise rooms or in outdoor spaces desig-
nated for small-group exercise classes. All data in this study will be
reported in accordance with the Consolidated Standards of Reporting
Trials (CONSORT) guidelines, and the study protocol will be executed
according to the Standard Protocols Items of the Recommendations for
Interventional Trials (SPIRIT) guidelines.

2.2. Participants

2.2.1. Recruitment

We will approach potential participants in the community through
poster/leaflet distribution and promotional events in community centers
and housing estates. We will invite responding individuals to a pre-
liminary visit to confirm eligibility. Eligible participants will be pro-
vided a verbal and written description of the study design. Written
informed consent will be obtained from each participant before baseline
outcome assessments. Participants enrolled in this study will not receive
any monetary compensation for joining the study. Instead, the health
benefits of the planned interventions and the opportunity to receive free
physical and mental health assessments will be used to incentivize
enrolment. After ensuring eligibility and completing the baseline as-
sessments, participants will be randomized to Tai Chi, conventional
exercise or health education control for 3 months.

2.2.2. Eligibility criteria

We will recruit participants who meet the following inclusion
criteria: 1) adults >60 years of age; 2) ethnic Chinese; 3) mild-to-
moderate depressive symptoms, as ascertained by an HADS-depression
score >8 and a PHQ-9 score <14; and 4) chronic insomnia, defined
using the Fifth Edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) criteria, including difficulties in initiating or main-
taining sleep, and/or early morning awakening with complaints of sig-
nificant distress or impairment of daytime functioning, occurring at least
3 nights per week and present for at least 3 months.

Participants will not be allowed to enter the study if they meet the
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Fig. 1. Study flow diagram of participant enrolment, randomization and interventions.

following exclusion criteria: 1) somatic conditions that prevent partici-
pation in Tai Chi or exercise; 2) regular moderate-to-vigorous intensity
exercise or mind-body training such as Tai Chi, yoga, qigong or medi-
tation (>60-min sessions at least 3 times per week) in the past 3 months;
3) with dementia or receiving medications for dementia; 4) diagnosis of
schizophrenia or other psychotic disorders, bipolar disorders or alcohol/
substance use/abuse; 5) currently using or planning to use potentially
confounding treatments, including herbal supplements (e.g., St. John’s
Worth), acupuncture treatment, cognitive behavioral therapy or other
types of psychotherapy, mind-body interventions (e.g., mindfulness
training and muscle relaxation training) or muscle relaxants such as
carisoprodol, cyclobenzaprine, and diazepam; or 6) suicidal or self-
injurious potential that requires immediate clinical follow-up.

We will include participants who take antidepressants or sleep
medications to incorporate a wider population. However, the dose and
frequency of medications will be strictly monitored by the research
personnel to examine potential fluctuations in medications used during
the study period. As people with non-psychotic mental disorders (e.g.,
depressive and anxiety disorders) can also benefit from Tai Chi and
exercise, they will be included to further enhance the generalizability of
our findings. Nevertheless, participants who might be disruptive to the
group, including those with existing uncontrolled violence and psy-
chotic symptoms, will be excluded. Additionally, participants with se-
vere depressive symptoms (PHQ-9 score >14) will be excluded due to
the ethical concerns that Tai Chi and conventional exercise are currently
not considered established treatments for severe depression.

2.2.3. Blinding

Participants and Tai Chi/fitness instructors will not be blinded to the
group allocation due to the nature of the exercise interventions. How-
ever, all research personnel involved in the data entry, outcome as-
sessments and data analysis will be blinded to group allocation.
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Participants will be instructed not to disclose their study group during
the assessments.

2.2.4. Randomization and allocation concealment

A computer-generated randomized allocation sequence will be pro-
duced using an online randomization software. Participants will be
randomly allocated to the Tai Chi, conventional exercise or health ed-
ucation control groups at a 1:1:1 ratio. The allocation sequence will be
implemented by a centralized independent randomization list kept by
the Principal Investigator (PI), who will not interact with the partici-
pants during the recruitment to avoid allocation bias and to ensure
allocation concealment. Research personnel will contact the PI to obtain
the randomized allocation sequence for each newly recruited
participant.

2.3. Interventions

Participants in the Tai Chi, exercise and health education groups will
follow a 3-month program consisting of two 1.5-h weekly sessions. All
interventions will be conducted in small groups (approximately 10-15
participants per group) and will be supervised by research personnel
and/or qualified fitness instructors.

2.3.1. Conventional exercise

Participants assigned to the conventional exercise group will engage
in a generic fitness training program delivered by certified fitness in-
structors (Table S1). Safety measures, basic training principles and
correct techniques will be explained to all participants before
commencing the first class. Each training session will consist of a 15-min
warm-up including light static stretching exercises of the major muscles,
followed by a 30-min brisk walking exercise and 30 min of body con-
ditioning activities (e.g., arm curls, arm raises, shoulder press, % squat,
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heel raises and stepping on the ground). Each class will end with a 15-
min cool-down including light static stretching, deep breathing activ-
ities, and relaxing body movements. The brisk walking and body con-
ditioning activities will be maintained at moderate intensity equal to
3-4 metabolic equivalents of task (METs), in which 1 ME T refers to the
resting metabolic rate during quiet sitting.*” During each session, the
exercise intensity will be individually monitored by the fitness in-
structors using talk tests and the Borg rate of perceived exertion (RPE)
scale. This 15-point scale has values ranging from 6 to 20, with higher
scores indicating more strenuous exertion.*’ The instructors will record
participants’ responses to the scale to confirm that they are exercising at
the established intensity. This intensity is chosen to ensure that the ex-
ercise session is safe for all participants, and to match the intensity of
participants performing Tai Chi, as research shows that Tai Chi is
equivalent to light-to-moderate exercise (3-4 METs).*> % In addition, a
random sample of participants will be selected from each training group
to wear a heart rate monitor to ensure that participants are exercising at
an intensity of 57%-76% of maximum heart rate, which is representa-
tive of light-to-moderate intensity.“® To ensure that the exercise sessions
are practicable and safe, all movements will be kept simple, and no
additional weight will be applied. The range of motion and number of
repetitions/sets will be adjusted after the initial adaptation of the
subjects.

2.3.2. Tai Chi

Participants assigned to the Tai Chi group will engage in a Tai Chi
program with settings similar to those of the conventional exercise
program. The 24-form simplified Yang-style Tai Chi will be delivered, as
it is the most commonly adopted form of Tai Chi in the literature.”” The
Tai Chi instructors will introduce the safety issues, proper training
principles, and techniques to the participants in their first class to
minimize any avoidable adverse events due to improper skill/practice.
The intensity will be maintained at light-moderate by the same means
used for the conventional exercise group. An overview of the structure of
each Tai Chi session is provided in Table S2.

In both intervention groups, the first month will be considered an
adaptation period to allow participants to progressively adjust to the
exercise programs. The goal is to accomplish at least 50% of the pre-
scribed exercise volume during the first two weeks, which will increase
to 75% during the subsequent two-week period and reach the full ex-
ercise volume by the end of the first month. Participants who have dif-
ficulty in adapting will be identified during the first two weeks and will
be provided with extra support by the instructors to help them adjust to
the intervention. Nevertheless, our previous experience shows that
almost all older adults are able to adapt to our proposed Tai Chi and
exercise programs within the first month of intervention.>®*®*° Partic-
ipants will be encouraged to achieve >80% class attendance.

2.3.3. Health education control

Participants in the control group will attend a health education
program emphasizing topics of mental health, sleep hygiene, and gen-
eral health (Table S3). The topics were chosen based on the information
gathered from health authorities’ websites, including the Hong Kong
Department of Health, the Hong Kong Elderly Health Centre, the World
Health Organization and the National Sleep Foundation websites. The
control group will receive an equal amount of contact time as the Tai Chi
and exercise groups to control for the attention received.

2.3.4. Treatment fidelity

Both Tai Chi and conventional exercise interventions will be directed
by multiple trained instructors to avoid intervention delivery bias due to
individual differences in teaching style or skills. The recruited in-
structors will attend a training session to ensure that they deliver similar
Tai Chi and exercise protocols. Research personnel will visit each class
biweekly to ensure that instructors and participants adhere to the
treatment protocol.
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2.4. Outcomes

Outcome measures will be assessed at 0 month (baseline), 3 months
(postintervention) and 9 months (follow-up at 6 months post-
intervention) (Table 1).

2.5. Primary outcome

2.5.1. Depressive symptoms

The depressive symptoms subscale of the Hospital Anxiety and
Depression Scale (HADS-D) will be used to assess the severity of
depressive symptoms. The scale consists of two seven-item question-
naires (one for depression and one for anxiety). Each item is scored from
0 to 3 based on the severity of the symptoms (“0” representing no
depressive symptoms and “3” representing significant depressive
symptoms), with an overall score ranging from 0 to 21. Higher scores are
indicative of more severe symptoms (i.e., 0-7: normal; 8-10: borderline
abnormal  depression; >11  abnormal depression).50 The
Chinese-Cantonese version of the HADS has been demonstrated to be
reliable and valid in Hong Kong Chinese participants,”’ with a sensi-
tivity and specificity of approximatively 0.80 and a Cronbach’s alpha of
0.82.7%

2.6. Secondary outcomes

2.6.1. Depression severity

The Patient Health Questionnaire (PHQ-9) will be used to further
assess the severity of depression. The questionnaire is composed of 9
items, each scored from 0 to 3 based on the frequency of symptoms, with
a total score ranging from O to 27. Higher scores reflect higher depres-
sion severity (1-4: minimal depression; 5-9: mild depression; 10-14:
moderate depression; 15-19: moderately severe depression; 20-27: se-
vere depression). The Chinese version of the PHQ-9 has been validated
in the Chinese community, with an alpha internal consistency of 0.86.°

2.6.2. Anxiety symptoms

The anxiety symptoms subscale of the HADS (HADS-A) will be used
to assess anxiety symptoms. The Chinese-Cantonese version of the
HADS-A was shown to have good internal consistency (Cronbach’s
alpha = 0.77) and good item-scale correlation (0.66).”"

The General Anxiety Disorder Scale (GAD-7) will be supplemented
with the HADS-A to confirm the assessment of anxiety symptoms. The
GAD-7 is commonly used as a measure of general anxiety symptoms
across various settings and populations. The questionnaire assesses
feelings of worry, nervousness, restlessness and irritability of the indi-
vidual over the past 2 weeks. The scale is composed of 7 items, each
rated from O to 3, with an aggregate maximum score of 21. A score of
0-9 is considered within the normal range, while a score of 10 or above
suggests symptoms of general anxiety disorder. The scale was shown to
have excellent internal consistency (Cronbach’s alpha = 0.88) and high
reliability and validity.>*

2.6.3. Insomnia severity

The Insomnia Severity Index (ISI) will be used to assess the severity
of insomnia symptoms. The ISI is a seven-item questionnaire examining
sleep-onset and sleep maintenance difficulties, satisfaction with the
current sleep pattern, interference with daily functioning, noticeable
impairment due to sleep problems, degree of distress and concerns
caused by sleep problems. Each item is rated on a “0-3” Likert scale,
with higher scores indicating more perceived severity of insomnia. The
Chinese version of the ISI has been shown to have a content validity
index of 0.94 and high internal consistency with a Cronbach’s alpha of
0.81.°

2.6.4. Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) will be used to estimate
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Table 1
Overview of study protocol.
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Time Point Enrolment Baseline Outcome Assessment

Randomization Intervention Phase Outcome Assessment

Month 0

Month 3 Month 9

Enrolment
Eligibility Screen
Informed Consent
Allocation

Intervention
Tai Chi
Exercise
Control

ENENEN

Outcome Assessment
HADS
PHQ-9
GAD-7
ISI
PSQI
SF-12
SPPB
7-day Actigraphy
7-day Sleep Diary
Adverse Events

AN N N N N Y NN

AN N N N N N N
AN N N N YT N NN

sleep quality. The PSQI consists of 19 items that subjectively assess sleep
quality based on participants’ usual bedtime, wake time, time to fall
asleep and time of actual sleep, and based on potential sleep distur-
bances experienced during the month prior to taking the test. Each item
is rated on a “0-3” Likert scale, with higher scores indicating poorer
sleep quality. The Chinese version of the PSQI has been commonly used
to differentiate individuals with regular sleep patterns from those with
primary insomnia, and it has been demonstrated to have good internal
consistency (Cronbach’s alpha = 0.83) and test-retest reliability (coef-
ficient = 0.85) in Chinese older adults.”®

2.6.5. Objective sleep (actigraphy)

A wrist actigraph (GT-9X Link Actigraph, USA) will be used to
objectively estimate sleep quantity. The actigraph activity monitor is a
three-axis accelerometer that detects daily physical movement or lack
thereof correlating with wakefulness and sleep, respectively. Partici-
pants will be instructed to wear an actigraph on the non-dominant wrist
for 24 h per day for 7 consecutive days during each assessment period.
Actigraph data will be analyzed using the Cole-Kripke algorithm pro-
vided by the manufacturer’s software (Actilife, Version 6.11.7) to
determine the 7-day average of sleep parameters, including sleep onset
latency (SOL), wake time after sleep onset (WASO), total sleep time
(TST), sleep efficiency (SE), number of awakenings per night (NOA) and
average wake time per awakening (AWT).

2.6.6. Subjective sleep (sleep diary)

A sleep diary will be used to subjectively assess sleep quantity.
Participants will be instructed to record their sleep patterns for a 7-day
period. Parameters related to participants’ sleep habits will be collected
to determine SOL, WASO, TST, SE, NOA and AWT. The dose and fre-
quency of hypnotic medications taken during the 7 days will also be
reported. Recent studies showed that subjective sleep outcomes assessed
through sleep diaries yield significantly different results compared to
objectively measured outcomes (e.g., actigraphy, electroencephalog-
raphy).””°® As a result, we decided to include both subjective and
objective sleep outcomes in this study.

2.6.7. Medication usage

Antidepressants (such as selective serotonin reuptake inhibitors
including fluoxetine, sertraline, paroxetine, escitalopram and cit-
alopram; serotonin and norepinephrine reuptake inhibitors including
venlafaxine, duloxetine, levomilnacipran and desvenlafaxine; tricyclic
antidepressants including amitriptyline, nortriptyline, imipramine,
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doxepin and desipramine; atypical antidepressants including vortiox-
etine, vilazodone, trazodone, mirtazapine and bupropion; monoamine
oxidase inhibitors including selegiline, tranylcypromine, isocarboxazid
and phenelzine) and sleep aid medications (such as narcotics, antihis-
tamines, benzodiazepines such as flurazepam, quazepam, triazolam,
estazolam, temazepam, clonazepam, lorazepam and alprazolam, non-
benzodiazepine, and benzodiazepine receptor agonists such as zolpi-
dem, zaleplon and eszopiclone) will be recorded with detailed usage
information (e.g., drug name, type, dose, and weekly frequency). Par-
ticipants will be asked to provide the dose and frequency of use of any
medications by responding to a checklist with a full list of all the
available antidepressants and sleep medications. Data on medication
dose and weekly frequency will be presented as the total number of
lowest recommended dose (LRD) in 7 days in the analysis.””

2.6.8. Quality of life

The 12-item Short Form Survey (SF-12) will be used to measure
health-related quality of life. It consists of 12 items assessing physical
functioning, emotional and mental health, bodily pain, general health,
vitality, and social functioning. The final score is subdivided into
physical and mental health components, with higher scores indicating
better quality of life. The Chinese version of the SF-12 has been validated
in the Hong Kong Chinese population®® and was shown to have high
internal consistency (Cronbach’s alpha = 0.91).

2.6.8.1. Physical function and balance. The Short Physical Performance
Battery and Balance Test (SPPB) will be used to assess lower extremity
physical function and balancing performance. The SPPB involves a se-
ries of timed tests of lower extremity physical performance, including
standing balance, walking speed and the ability to rise from a chair.
Scores ranging from 1 to 4 are assigned to participants based on the time
to complete each test, with higher scores indicating better function and
balance.

2.7. Statistical analysis and sample size calculation

The maximum error of committing a false positive was set as 1.67%
(i.e., 5% divided by 3) to address multiplicity for the sample size esti-
mation. Because evidence on the effects of Tai Chi and conventional
exercise in older adults with insomnia and depressive symptoms is
limited, the findings of meta-analyses with similar populations and in-
terventions were examined to determine the expected effect size. In a
network meta-analysis by Miller et al.,°" mind-body and aerobic exercise
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reduced depressive symptoms of older adults with effect sizes ranging
from 0.27 to 0.51, when compared to control groups. In older adults
with chronic diseases, Tai Chi showed moderate benefits on depressive
symptoms (standardized mean difference: 0.42),°” while in a
meta-analysis on depressed adults Tai Chi and conventional exercise
demonstrated effect sizes of 0.28 and 0.68, respectively.®® Taking these
results together, a Cohen’s d of 0.5 was chosen for sample size calcu-
lation. Using an effect size of 0.5 and a statistical power of 0.9, 110
participants per group were deemed necessary for the current study. To
predict attrition rates in our study, we inspected participant dropout
from previous studies. Studies on the effects of Tai Chi in Chinese in-
dividuals with insomnia or depression showed attrition rates ranging
from 11% to 27%,°%°*°¢ while the attrition from exercise studies was
lower but similar (range: 11"/0—18%).38’67’69 In line with these findings,
a conservative attrition rate of 20% was chosen for the current study,
leading to a total sample size of 414 participants.

Data will be expressed as mean + SD. Statistical analyses will be
performed using SAS OnDemand for Academics. The intention-to-treat
principle will be applied so that all randomized participants will be
included in the analyses. Data will be analyzed using the Generalized
Estimating Equations (GEE) model with adjustment for baseline values.
Linear contrasts will be performed for pairwise comparisons. The Holm
correction will be applied to address multiplicity. Considering that the
GEE model can accommodate missing data, missing values will not be
replaced. Statistical significance will be accepted as p < 0.05.

2.8. Data management

2.8.1. Data entry

Research personnel blinded to the group allocation of participants
will be responsible for performing data entry for all outcomes. Two in-
dependent researchers will extract and input participant data to avoid
potential data extraction oversights.

3. Discussion

This study will investigate the effects of Tai Chi and conventional
exercise in older adults who are coincidently suffering from chronic
insomnia and depressive symptoms. We expect that our results will
support the beneficial effects of Tai Chi and exercise for improving
depressive symptoms in older adults living with insomnia. Furthermore,
these findings will provide insights regarding the comparative treatment
efficacy of the two exercise modalities when compared to one another
and to a health education control condition.

Previous evidence has shown that treating older adults with
insomnia using cognitive behavioral therapy can prevent the onset of
future depressive disorders.'” This supports the strong relationship be-
tween depression and insomnia, and highlights the importance of
considering both disorders when designing a treatment plan. However,
clinical treatments for insomnia, including sleep medications and psy-
chotherapy, have considerable limitations relative to the accessibility,
high costs, and adverse effects to the intervention.”’’? Lately, lifestyle
intervention strategies such as Tai Chi and exercise have gained
consensus as alternative treatment approaches for depression and
insomnia. Tai Chi was shown to effectively improve depression and
sleep outcomes in older adults,?”>*® while the benefits of exercise for
mental health are well sustained. These benefits include improvements
in depression, anxiety, insomnia and cognition.”>?>7%7° With this
study, we aim to corroborate these findings by investigating whether Tai
Chi and exercise can effectively ameliorate symptoms of depression in
older adults with chronic insomnia and depressive symptoms. Our
findings will provide further insight regarding the relationship between
the two disorders by determining whether both depression and insomnia
can be improved after an exercise intervention, and will further support
the role of Tai Chi and exercise in mental health improvements among
older cohorts.
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The benefits of Tai Chi and exercise for overall health are well
documented, yet less is known regarding the comparative efficacy be-
tween the two interventions. Tai Chi is a multicomponent mind-body
intervention incorporating physical, cognitive, spiritual and behav-
ioral elements to promote fitness and wellbeing.”® Conventional exercise
typically involves more strenuous physical effort, but lacks a meditative
mind component. There is preliminary evidence suggesting that Tai Chi
might be superior to conventional exercise for improving cognitive
outcomes in older cohorts.*®”” Furthermore, there is evidence that Tai
Chi may stimulate brain plasticity and grey matter volume to a greater
extent than conventional exercise.”® A recent randomized controlled
study found that Tai Chi was superior to exercise in improving subjective
sleep outcomes; however, the same results were not reflected in objec-
tive sleep outcomes.>® The mentioned evidence suggests some differ-
ences in the treatment efficacy after a Tai Chi or exercise intervention,
which are likely attributed to the spiritual nature of Tai Chi, combined
with its light-to-moderate physical components. With this study, we
intend to explore whether these differences are also reflected in
depression outcomes, as well as in several secondary outcomes,
including quality of life, insomnia and anxiety symptoms.

This study has several potential limitations. First, the interpretation
of our findings will be restricted to adults aged 60 years or older, and
cannot be extended to younger age groups. Yet both insomnia and
depressive symptoms are common in older adults,”*" and are associ-
ated with a higher incidence of various comorbidities, including de-
mentia, anxiety, chronic pain and metabolic disorders.®%? It is,
therefore, crucial to disseminate the results of the interventions that can
be beneficial for the mental and physical health of these cohorts. Second,
the Tai Chi and exercise interventions will be delivered in both indoor
and outdoor settings. This was done to extend the participation in the
study to individuals who live far from our research lab and are not
willing to commute for long periods of time several times per week. The
difference in setting might lead to within-group discrepancies in relation
to the response to the intervention. Nevertheless, individuals exercising
indoors and outdoors will experience no other difference regarding the
nature of the intervention that they receive. Furthermore, the inter-
vention venue will be noted down to explore the potential influence of
the setting on the primary outcome. Third, the recruitment of partici-
pants, as well as the adherence and attrition to the interventions, have
been negatively impacted by the COVID-19 outbreak and its periodic
waves of infections. Indeed, a specified protocol will be followed by all
research personnel to reduce the impact of the pandemic, including the
optimization of social distance measures and hygiene protocols, and the
rescheduling of screening visits for positive COVID-19 cases and close
contacts. Further details regarding the nature of the delays, as well as the
methods implemented to resolve them, are described in Appendix S1 of
the supplementary material.

In conclusion, this study will investigate the efficacy of Tai Chi and
conventional exercise for improving depressive symptoms and several
secondary outcomes, including sleep, anxiety and quality of life, in older
adults affected by chronic insomnia and with considerable depressive
symptoms. We expect that our findings will further promote the benefits
of Tai Chi and exercise as effective treatment alternatives to alleviate
depressive symptoms in older individuals who are suffering from
chronic insomnia.
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