
 
 

Effects of Tai Chi Combined with Thera-Band Training 

on Physical Fitness, Psychological Wellbeing, and Pain in 

Older Sedentary Office Workers: A Pilot Randomised 

Controlled Trial 

Meiling Qi 

School of Nursing and Midwifery 

Griffith Health 

Griffith University 

Submitted in fulfilment of the requirements of the degree of Doctor of 

Philosophy 

December 2018 



ii 

 

Synopsis 

Insufficient physical activity is widespread amongst older office workers and has adverse 

effects on their physical fitness and psychological wellbeing, as well as being a cause of pain 

and of pain intolerance. Health challenges in older office workers may have an impact on 

their work productivity, quality of life, and involvement in the workplace. Differing exercise 

interventions have been employed to improve older workers’ health conditions, with Tai Chi 

being reported to be a suitable physical activity intervention for this purpose. Tai Chi appears 

to improve older adults’ physical function and psychological wellbeing, and to reduce pain 

in older adults. Additionally, many studies have found the benefits of resistance training in 

the workplace for older adults, especially for work-related pain issues. However, a systematic 

review found that few studies have examined the use of combined Tai Chi and resistance 

training to improve the physical function of older adults, and there is a lack of studies 

regarding the effects of this combined programme on psychological wellbeing and pain. 

Further to this, no study has examined the use of Tai Chi combined with resistance training 

in older office workers.  

This study aimed to investigate the effectiveness of a 12-week Tai Chi combined with 

resistance training programme in improving physical fitness and psychological wellbeing, 

and in reducing pain in older office workers. This programme was compared to a Tai Chi 

exercise only programme in a group of 40 older office workers (i.e., ≥ 55 years) who engaged 

in less than 60 minutes of accumulated moderate intensity physical activity per week and 

were employed by a university in Australia. A pilot randomised controlled trial (RCT) design 

was applied in this study. The first 10 movements of the 24-step simplified Tai Chi was 

chosen for use in this study, combined with Thera-band training using the hands. Prior to the 



iii 

 

pilot RCT study, an online survey was conducted to investigate the physical activity 

involvement, psychological wellbeing, and pain of older office workers aged 55 years and 

older, which could provide an insight into the physical activity intervention and workplace 

health promotion. The online survey reported that 27.3% of the older office workers had low 

levels of physical activity. Also, depression and anxiety were identified as two common 

major health issues in older office workers.  

In the pilot RCT study, 40 office workers aged 55 years and older, who met the 

inclusion and exclusion criteria, as well as provided signed consent forms, were randomly 

allocated into either the Tai Chi combined with Thera-band training (intervention) group or 

the Tai Chi exercise only (control) group. Outcome assessments were conducted at baseline, 

week 6, and week 12, using the 30-Second Chair Stand Test for lower limb strength, Grip 

Strength Test for upper limb strength, Function Reach Test for balance, 2-Minute Walk Test 

for walking endurance, Perceived Stress Scale for stress, Centre for Epidemiological Studies 

Depression Scale for depression, Geriatric Anxiety Inventory for anxiety, and Visual 

Analogue Scale for pain. 

The majority of the participants were female (77.5%), had achieved a higher 

education qualification (55%), worked full-time (77.5%), were married (62.5%), and 

recorded as being right-handed (92.5%). A significant difference in pain at baseline was 

found among participants in the control and intervention groups (p < 0.05). Nine out of the 

40 participants withdrew their participation during the study. An overall average attendance 

rate of 66.7% was recorded across the 40 participants, with 64.3% in the intervention group 

and 69.1% in the control group. After adjusting for the baseline pain scores and the 

attendance rate, analysis of data found that there was a statistically significant interaction 
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between intervention type and time with anxiety scores (p = 0.04) and pain scores (p = 0.02). 

In addition, there were significant differences between groups in the improvement of lower 

limb strength (p = 0.01) and right upper limb strength (p = 0.04). No significant differences 

were found in other outcomes; however, the odds ratio estimation indicated that a higher 

percentage of participants in the intervention group had improvement in balance and walking 

endurance, and reduction in stress and depression compared with the control group.  

This study is the first known trial to test the effectiveness of Tai Chi combined with 

Thera-band training for health promotion in older sedentary office workers when compared 

to Tai Chi exercise only, with regard to physical fitness, psychological wellbeing, and pain. 

This study suggested that Tai Chi combined with Thera-band training has the potential to 

improve lower limb strength and upper limb strength compared to Tai Chi exercise only in 

older sedentary office workers. Limitations and recommendations from this study may be 

helpful in designing a large-scale RCT study regarding the effects of the Tai Chi combined 

with Thera-band training programme on health promotion in older office workers.  
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Chapter 1 Introduction 

This chapter provides an introduction to the current study. A background on workplace health 

issues and Tai Chi combined with resistance training is presented, followed by the research 

aims. The research significance, questions, and hypotheses are then described. Finally, the 

thesis framework for this study is presented. 

1.1 Research background 

With an ageing population, there is an increased number of older adults participating in the 

labour workforce. In 2014, almost 64% of the Australian population aged 55-64 years was 

still in the labour workforce (Australian Institute of Health and Welfare, 2015). Older 

workers can experience a reduction in their functional ability because of ageing, physical 

inactivity, and prolonged sitting time (Adarga, Becerril, & Champion, 2010; Buckley et al., 

2015; Miyamoto-Mikami et al., 2015). Some prevalent physical impairment in older workers 

includes poor muscle strength, prevalence of falls, and decreased endurance (Breton et al., 

2014; Davis et al., 2014; Ferreira et al., 2012). In addition, heavy workloads, high job 

demands, and lack of work support are commonly reported by older workers (Haralambous 

et al., 2016; Howe et al., 2017). These issues are found to be associated with work-related 

stress, depression, and anxiety (Fan, Blumenthal, Watkins, & Sherwood, 2015; Issever, 

Ozdilli, Altunkaynak, Onen, & Disci, 2008; Siegrist, Lunau, Wahrendorf, & Dragano, 2012). 

These psychological issues could, in turn, reduce work productivity and job satisfaction, as 

well as increase work absenteeism (Magnavita et al., 2008; Minh, 2014).  

Pain, such as lower back pain, neck pain, and shoulder pain, is another major health 

problem among older workers, especially older sedentary office workers (Mitchell, Lord, 
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Harvey, & Close, 2015). For example, neck pain experienced by older office workers can be 

due to sitting for hours in front of a computer (Alschuler et al., 2012). Adverse effects of pain 

include reduced work productivity, lowered job satisfaction, and diminished physical activity 

capacity (Gore, Sadosky, Stacey, Tai, & Leslie, 2012; Kim, 2018; McDonald, DiBonaventura, 

& Ullman, 2011).  

Given the work-related physical impairments, psychological issues, and pain among 

older office workers, researchers have examined workplace interventions, such as physical 

activity, to improve their health and wellbeing. Physical activity has been found to be 

effective in promoting the health of older adults, with respect to physical function, 

psychological wellbeing, and pain reduction (Agmon, Perry, Phelan, Demiris, & Nguyen, 

2011; Poelke et al., 2016; Rueggeberg, Wrosch, & Miller, 2012; Zhang, 2014). However, 

due to the nature of their work, it may be difficult for older office workers to partake in 

regular outdoor exercise as part of a workplace intervention (Parry, Coenen, O'Sullivan, 

Maher, & Straker, 2017). Office-based exercise such as stretching and yoga are suggested to 

be more suitable and appropriate for older office workers (Tunwattanapong, Kongkasuwan, 

& Kuptniratsaikul, 2016). Tai Chi exercise and resistance training, which only require a small 

space to practice, can also be easily performed by older office workers within their 

workplaces (Caputo, Di Bari, & Naranjo Orellana, 2017).  

Tai Chi, a traditional Chinese exercise, is a combination of Chinese martial arts and 

meditative movements designed to improve flexibility, balance, and psychological wellbeing 

in older adults. The emphasis in Tai Chi is on breathing, relaxation, and mental concentration 

(Chen, Snyder, & Krichbaum, 2002). Each movement is simple, continuous, and smooth, and 

can benefit anyone, regardless of gender, age, or social status (Chang, Nien, Chen, & Yan, 
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2014). The 24-step simplified Tai Chi is the most popular Tai Chi routine for beginners. It 

consists of 24 movements of martial application performed slowly and gently while breathing 

deeply and meditating (Shen et al., 2012). Tai Chi also requires the coordination of the whole 

body, and includes inherent challenges posed by single-leg stances and backward/side 

stepping (Chen et al., 2002). It is challenging for older people to learn all 24 movements of 

Tai Chi because of the physical difficulty of some movements, for example, the form “right 

heel kick and left heel kick” in the 24-step simplified Tai Chi involves single-leg standing on 

the floor while kicking the other leg and opening the arms. This movement is physically 

difficult for older adults and increases the possibility of falling. As a result, some new and 

easier Tai Chi forms such as the Simplified Tai Chi Exercise Programme (STEP) (Chen et 

al., 2008) and the six simple forms of Yang style (Azimzadeh, Hosseini, Nourozi, & 

Davidson, 2015) have been created and used in studies to examine the effects of Tai Chi on 

older adults. 

Tai Chi has been associated with improved physical and psychological outcomes, 

such as balance, gait, flexibility, endurance, agility (Manson, Rotondi, Jamnik, Ardern, & 

Tamim, 2013), lowered anxiety, and reduced depression (Chang, Yeh, Chu, Wu, & Huang, 

2013), involving different study populations in various study settings. In recent years, Tai 

Chi has been introduced as a workplace intervention to promote health and wellbeing of older 

nurses (mean age of 54.5 years) and was found to improve their balance (Palumbo, Wu, 

Shaner-McRae, Rambur, & McIntosh, 2012). There are other studies that have examined the 

potential of Tai Chi exercise in workplace health promotion (Steinberg, Bartimole, Habash, 

& Fristad, 2017; Tamim et al., 2009) which indicated the benefits of Tai Chi in improving 

musculoskeletal fitness, psychological wellbeing, and quality of life in workers with an 
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average age of almost 40 years. However, none of the studies have focused on older workers 

such as those aged 55 years and older.  

Resistance training is a type of exercise that requires the body’s musculature to move 

against an opposing force by the use of some type of device, including weighted machines 

or weighted vests (Fleck & Kraemer, 2014). Thera-bands are the only resistive exercise bands 

endorsed by the American Physical Therapy Association (APTA). Thera-bands are 

commonly used as exercise devices in resistance training (Shields et al., 2005). These bands 

are small and portable and can be easily applied in a small space. Further to this, Thera-bands 

offer resistance training without the risk of dropping a heavy weight on the foot or crushing 

fingers between weight plates. Consequently, Thera-bands can be seen to be an appropriate 

and suitable device for older adults undertaking resistance training.  

Resistance training has been widely used to reduce work-related pain in the 

workplace (Andersen, Persson, Jakobsen, & Sundstrup, 2017; Caputo et al., 2017; Jay et al., 

2015; Sundstrup, Jakobsen, et al., 2016). These studies applied either neck-shoulder 

resistance training, or resistance training using elastic bands, and found that resistance 

training could significantly reduce workers’ neck pain, shoulder pain, upper back and lower 

back pain, as well as wrist pain. Additionally, many studies have found that resistance 

training has the potential to improve lower extremity function, mobility, strength, and 

endurance in the workplace (Decker, Gomas, Narvy, & Vangsness, 2016; Mulla et al., 2018; 

Nestler et al., 2017). However, none of these studies focused on older workers aged 55 years 

and older, but instead looked at a wide age range between 18 and 65 years.   
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A modified version of Tai Chi plus Thera-band training has recently been developed 

by a Tai Chi master and academic with specific expertise in sports education (Lin et al., 2015). 

This combined exercise consists of manipulating the Thera-bands with both hands while 

performing 10 simple Tai Chi forms. Apart from this modified version of Tai Chi plus Thera-

bands exercise, other studies have also used Tai Chi combined with resistance training to 

explore its effects on the health of older adults (Su et al., 2015; Zeng et al., 2015). However, 

these studies used Tai Chi on its own as part of the exercise programme, followed by 

resistance training using weighted vests or sandbags. To date, only the study by Lin et al. 

(2015) incorporated the use of Thera-bands while performing Tai Chi. All of the studies that 

examined the effects of Tai Chi combined with resistance training on improving physical 

fitness in older adults have found significantly positive results for muscle strength, balance, 

and endurance. In addition, most of the participants in these studies are aged 60 years and 

older, with only one study including participants over 52 years of age. None of these studies 

has examined the use of Tai Chi combined with resistance training for health promotion in 

adults aged 55 years and older.  

Besides the limited studies examining the effects of Tai Chi combined with resistance 

training on physical function in older adults, no study is available that determines the 

potential effects of Tai Chi combined with resistance training on psychological wellbeing 

and pain in older adults or older office workers. However, the positive effects of Tai Chi and 

resistance training on older adults in the workplace suggest that Tai Chi combined with 

resistance training may be an effective intervention for older office workers, promoting 

physical and psychological health and reducing pain. Therefore, it is necessary and important 

to explore the effects of Tai Chi combined with resistance training, which is appropriate for 
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use by older office workers, to improve physical and psychological health, and reduce pain. 

Furthurmore, the treatment may enhance physical and psychological health, and reduce pain 

in older office workers. In summary, then, this study has the potential to improve the 

understanding of how Tai Chi combined with resistance training can influence physical 

function, psychological wellbeing, and pain in older office workers.  

1.2 Research aims 

The overall aim of this study is to test the feasibility of a Tai Chi combined with Thera-band 

training programme for older sedentary office workers (i.e., ≥ 55 years) in terms of the 

following: recruitment and retention, data collection, and adherence. It will also provide 

preliminary evidence for the effectiveness of a 12-week Tai Chi combined with Thera-band 

training programme compared with Tai Chi exercise only on physical fitness, psychological 

wellbeing, and pain in older sedentary office workers by undertaking a randomised controlled 

trial (RCT) (see Chapter 5). Prior to all of the above aims, the study also aims to investigate 

the level of physical activity participation, psychological wellbeing, and pain in older office 

workers to gain an insight into the effects of physical activity involvement and health 

promotion on these workers through the use of an online survey (see Chapter 4).   

1.3 Research significance 

This study is significant for a number of reasons. Alongside an increasing number of older 

adults in the workplace, the physical inactivity of older office workers can potentially lead to 

poor physical fitness and adverse psychological wellbeing. The research is, therefore, 

important because it is the first known study to investigate the physical activity participation, 

psychological wellbeing, and pain in office workers aged 55 years and older. These findings 
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can provide further information on, and justification for, the importance of workplace health 

promotion interventions. Moreover, the research is important because it is also the first 

known study to compare the effectiveness of Tai Chi combined with resistance training on 

health promotion in older sedentary office workers compared with Tai Chi exercise only. 

This study has the potential to provide evidence and inform our understanding of how the 

combination of Tai Chi and resistance training can influence physical function, psychological 

wellbeing, and pain in older sedentary office workers, and the outcomes of the study have 

the potential to influence the development of workplace physical activity to improve the 

health and wellbeing of older sedentary office workers.  

1.4 Research questions 

Phase one 

1. What are the levels of physical activity, stress, depression, anxiety, and pain in older 

office workers? 

Phase two 

1. Is the Tai Chi combined with Thera-band training programme feasible for older sedentary 

office workers in terms of recruitment, retention, data collection, and adherence?  

2. What is the effectiveness of Tai Chi combined with Thera-band training compared with 

Tai Chi exercise only for physical fitness (i.e., muscle strength, balance, and walking 

endurance), psychological wellbeing (i.e., stress, depression, and anxiety), and pain in 

older sedentary office workers? 
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1.5 Research hypotheses 

The study investigates the following hypotheses: 

1. Most of the older office workers will have low levels of physical activity and they may 

suffer from stress, depression, anxiety, and pain. 

2. The Tai Chi combined with Thera-band training programme is feasible for practice by 

older sedentary office workers.  

3. Participants in the Tai Chi combined with Thera-band training group will experience a 

greater improvement in muscle strength, balance, and endurance compared to participants 

in the Tai Chi exercise only group.  

4. Participants in the Tai Chi combined with Thera-band training group will experience a 

greater reduction in severity of stress, depression, and anxiety compared to participants 

in the Tai Chi exercise only group. 

5. Participants in the Tai Chi combined with Thera-band training group will experience a 

greater reduction in pain levels compared to participants in the Tai Chi exercise only 

group. 

1.6 Thesis structure 

The current chapter, Chapter 1, provides an overview of the research background, aims, and 

significance. The research questions and hypotheses of the study are also presented. 

Chapter 2 presents a comprehensive literature review on the following: (1) older adults and 

physical fitness, psychological wellbeing, and pain; (2) Tai Chi and resistance training as 
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physical activities for older adults; and (3) Tai Chi combined with resistance training as a 

physical activity for older adults.  

The conceptual framework of the study is presented in Chapter 3, which explains how Tai 

Chi and resistance training improve physical function and reduce psychological issues and 

pain from both physiological and psychological aspects. The conceptual model of the effects 

of Tai Chi combined with resistance training on these outcomes is outlined. 

The phase one study is presented in Chapter 4 in two parts. Part I outlines the methodological 

considerations for the online survey that investigates the level of physical activity, 

psychological wellbeing, and pain in older office workers. This includes the design, sample, 

data collection instruments, procedures, data analysis, and ethical issues associated with the 

research. Part II reports on the survey results. 

The phase two study is also presented in Chapter 5, in two parts. Part I outlines the 

methodological considerations for the pilot RCT study that examines the potential effects of 

a 12-week Tai Chi combined with Thera-band training programme compared with that of Tai 

Chi exercise only, on physical fitness, psychological wellbeing, and pain in older sedentary 

office workers. This includes the design, sample, recruitment, randomisation, intervention, 

data collection instruments, procedure, data analysis, and ethical issues associated with the 

research. Part II reports on the pilot RCT study results. 

Chapter 6 provides a detailed discussion of the outcomes from both phases of the study within 

the context of the contemporary literature and the conceptual framework of the study. Study 

strengths and limitations of the study are also examined.  
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Chapter 7 concludes the study and provides recommendations for future research and practice.  

1.7 Summary of the chapter  

Poor physical function and reduced psychological wellbeing are common conditions in older 

office workers and can have serious effects on work productivity, emotional status, and 

quality of life. Pain is another potential issue that affects older office workers’ quality of life. 

However, Tai Chi or resistance training may help improve physical function and reduce 

psychological issues and pain in older adults and office workers. Tai Chi combined with 

resistance training can also improve physical function in older adults.  

No previous studies have examined the use of Tai Chi combined with resistance 

training to improve physical function or to reduce psychological issues and pain in older 

sedentary office workers. The following chapter reviews and critiques the existing literature 

on the effectiveness of Tai Chi combined with resistance training on health promotion in 

older adults. In addition, the physical and psychological problems of older office workers are 

also presented.  
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Chapter 2 Literature Review 

This chapter presents an overview of an ageing population, and a review of the relevant 

literature on health status in later life, with a particular focus on physical fitness, stress, 

depression, anxiety, and pain in older workers (≥ 55 years). Besides highlighting the 

challenges of ageing and its impact on physical activities in older office workers, existing 

literature on Tai Chi and resistance training for older adults and older workers is examined. 

Finally, this chapter includes a systematic review of the effects of Tai Chi combined with 

resistance training as an exercise for older adults. The systematic review has been accepted 

for publication by the Journal of Geriatric Physical Therapy (see “List of approved 

publications in this thesis”, p. xvii).  

2.1 Australia and the world as an ageing population 

An ageing population is an important global issue, both in developed and developing 

countries (Beard et al., 2016). The world population aged 60 years and older is projected to 

more than double by 2050 and to more than triple by 2100 compared with 2017, from 962 

million to 2.1 billion in 2050, and will reach 3.1 billion in 2100 (United Nations Department 

of Economic and Social Affairs, 2017). Australians enjoy one of the highest life expectancies 

in the world, and the Australian Human Rights Commission (2014) reported that around one 

quarter of Australians will be aged 65 years and older by 2050. Older people contribute 

greatly to society, for example, Australians aged 55 years and over contribute $74.5 billion 

each year in unpaid care and voluntary work. Furthermore, the labour force participation rate 
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of people aged 55-64 years has increased steadily between 1984 and 2014 (up from 41% to 

64%) (Australian Institute of Health and Welfare, 2015).  

This increase in the aged labour workforce participation rate means that more 

attention must be paid to the health of older workers to ensure their physical and 

psychological health in the workforce. Because of age-related functional impairment, older 

workers may find it challenging to participate in physical activity, and this has the potential 

to affect their physical fitness and psychological wellbeing (Bonder & Dal Bello-Haas, 2017). 

Further to this, workplace sitting has been identified as an increasingly important concern 

among desk-based workers (Chu et al., 2016). Prolonged sedentary behaviour has been 

associated with various health risks, including adverse psychological wellbeing and pain 

(Gao, Nevala, Cronin, & Finni, 2016; Sitthipornvorakul, Janwantanakul, & Lohsoonthorn, 

2015). Evidence from prospective studies and systematic reviews have further concluded the 

negative effects on physical function (de Rezende, Rey-López, Matsudo, & do Carmo Luiz, 

2014; Gianoudis, Bailey, & Daly, 2015). The growing concern for older office workers’ 

health has led to a large number of studies exploring physical activity interventions and health 

promotion for these workers.  

2.1.1 Older age 

There is no universal definition of older age because there are a number of different 

characteristics related to older age including the setting, religion, and country. In most 

developed countries, older age is frequently defined as 60 or 65 years of age or older, but this 
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definition is not appropriate in developing countries such as Sub-Saharan Africa, where life 

expectancy is considerably lower than in developed countries (Cohen & Menken, 2006). 

Australia, as a developed country, considers people aged 65 years and over as older people 

(Australian Institute of Health and Welfare, 2018b). However, this definition does depend 

upon setting. For example, the Australian Institute of Health and Welfare (2015) report on 

the benefits associated with older Australian workers remaining in employment, where older 

Australian workers are considered to be people aged 55 years and over. The Australian 

Bureau of Statistics (2015) reported that of the 2.7 million Australians aged between 55 and 

64 years, almost 67.1% of them were participating in the labour workforce.  

Poscia et al. (2016) indicated that workers aged 45 years and older are generally 

considered to be “older” in the workplace sector. They conducted a systematic review 

regarding workplace health promotion in this population. However, many studies concerning 

workplace and older workers in this systematic review refer to “older workers” as individuals 

aged 55 years and older.  Siukola, Virtanen, Huhtala, and Nygard (2011) conducted a study 

to explore the effect of workplace intervention on sickness absence in ageing workers in 

Finland, with ageing workers referring to those aged 55 years and older. Afacan (2015) 

explored ageing workers’ experience of sustainable office environments through a field 

survey in Turkey, with older office workers in this study being defined as 55 to 75 years of 

age. Another study regarding age discrimination in the workplace in Australia also 

considered older workers as a population aged 55 years and older (O'Loughlin, Kendig, 
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Hussain, & Cannon, 2017). The U.S. Department of Labour considers an older worker to be 

someone aged 55 years and older (Center for Chronic Disease and Prevention, 2014). 

Therefore, these listed literature supports the definition of an “older worker” used in this 

research as workers aged 55 years and older. Thus, studies focused on older adults and older 

workers aged 55 years or over will be explored in this review chapter.  

2.1.2 Sedentary behaviour 

Sedentary behaviour contributes to obesity and mortality among older adults (de Rezende et 

al., 2014). Studies have examined the association between sedentary behaviour and other 

health outcomes in older adults, including metabolic syndrome, cardiovascular health, and 

psychological health, and found that sedentary behaviour is negatively associated with these 

health outcomes (Harvey, Chastin, & Skelton, 2015; van der Berg et al., 2016). Chastin et al. 

(2015) indicated that in older adults a sedentary lifestyle is associated with obesity, poor 

health status, and earlier retirement. One key setting that subjects older adults to prolonged 

sedentary time and contributes significantly to overall sedentary behaviour is an office 

workplace (Parry & Straker, 2013). Office workers are more sedentary and have less physical 

activity during workdays in comparison with non-workdays (Clemes, O'connell, & 

Edwardson, 2014). Activity-permissive workstations (e.g., standing desks, software 

reminders, and treadmill desks) have been found to be effective in reducing workers’ 

sedentary time without compromising work performance (Alderman, Olson, & Mattina, 2014; 

Cox et al., 2011).  
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Sedentary behaviour has been defined using a variety of criteria, and as such, 

comparing study findings of sedentary individuals across trials can be challenging. In general, 

sedentary behaviour is typically in the contexts of TV viewing, computer use, and workplace 

sitting (Owen, Healy, Matthews, & Dunstan, 2010). However, studies have found that too 

much sitting (i.e., sedentary activity) is an issue independent of too little exercise (Hamilton, 

Healy, Dunstan, Zderic, & Owen, 2008; Tremblay, Colley, Saunders, Healy, & Owen, 2010), 

meaning that an individual can experience the ill-effects of lengthy sitting time despite 

participation in sufficient physical activity at a moderate to vigorous intensity level. Similarly, 

sedentary behaviour and physical activity participation are found to be independently related 

to functional fitness in older adults (Santos et al., 2012). In most of the reported cases, 

sedentary refers to prolonged sitting time during working hours (Buckley et al., 2015; Dutta, 

Koepp, Stovitz, Levine, & Pereira, 2014). However, sedentary behaviour, in physical activity 

intervention trials, was usually defined as being based on the time spent in physical activity 

(Bennett, Winters-Stone, Nail, & Scherer, 2006). For example, Irvine, Gelatt, Seeley, 

Macfarlane, and Gau (2013) evaluated the efficacy of a 12-week internet intervention to help 

sedentary older adults over 55 years of age, and screened for participants who participated in 

moderate intensity physical activity of less than 60 minutes every week. Similarly, King et 

al. (2007) defined sedentary as engaging in less than 30 minutes, twice per week of moderate 

intensity physical activity in a Community Health Advice by Telephone (CHAT) project. 

Therefore, in keeping with these definitions, the definition of sedentary adopted in this study 
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was: engaging in less than 60 minutes of accumulated moderate intensity physical activity 

(e.g., brisk walking, bicycling, and yoga) per week. 

2.2 Physical fitness and older adults 

Because of the rapid increase of older populations, many researchers have investigated the 

physical functional impairment of older adults. Older workers in particular, have attracted 

greater numbers of researchers to investigate their physical fitness, including strength, falls, 

and aerobic endurance. Various factors affect older workers’ physical function, for example, 

insufficient physical activity participation. Adverse influences caused by impairment of 

physical function have also been examined. Thus, this section examines the literature on 

physical fitness and older workers. Studies about older workers and functional ability, 

workplace factors and physical fitness, and the influence of functional impairment are 

presented.  

Adarga et al. (2010) reported that, from around 40 years of age, workers may begin 

to experience a reduction in their functional ability, for example, muscle strength, balance, 

and endurance. These declines can contribute to reduced work capacity and increased work-

related injuries and illness (Kenny, Yardley, Martineau, & Jay, 2008). Furthermore, many 

office workers experience impairment of functional ability and work productivity because of 

prolonged sitting (Buckley et al., 2015). Studies have looked at interventions in reducing 

office workers’ sedentary time, for example, promoting the daily use of sit-stand 

workstations, installing health promotion software, holding standing meetings, as well as 

policies targeting reductions in sedentary time (Gao et al., 2016; Murtagh et al., 2017). 
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Crawford, Graveling, Cowie, and Dixon (2010) also found that increasing physical activity 

can mitigate the age-related physical changes of older workers.  

Poor physical function is common among older workers who have sedentary 

lifestyles (Park et al., 2017). Clemes et al. (2014) indicated that office workers had higher 

levels of sedentary behaviour and lower levels of physical activity on workdays in 

comparison with non-workdays. For example, up to 71% of working hours were spent 

sedentary during workdays. Inactivity and sedentary behaviour have major physical effects 

on the body as a whole, particularly on certain muscle groups (Dawn, 2017). Spending long 

hours sitting in front of a desk can cause muscle atrophy (i.e., break down). Moreover, it may 

lead to muscle atrophy that preferentially affects the weight-bearing lower limb extensor 

muscles. Gianoudis et al. (2015) found that sitting time was negatively associated with lower 

limb strength in community-dwelling older adults. In addition, age-related loss of skeletal 

muscle mass leads to a significant decrease in muscle strength, for example, lower limb and 

upper limb strength, that usually accompanies ageing (Goodpaster et al., 2006; Scott, 

Blizzard, Fell, & Jones, 2009). 

Falls are a growing problem among older adults, especially among sedentary adults, 

where reduced lower limb strength leads to impaired balance (Breton et al., 2014; Ferreira et 

al., 2012). Studies have shown that sedentary time is inversely associated with balance 

performance, even after adjusting for participation in moderate to vigorous physical activity 

(Davis et al., 2014; Santos et al., 2012; Seguin et al., 2012). Furthermore, there have been 

negative associations found between physical inactivity and endurance fitness in older adults 

(Miyamoto-Mikami et al., 2015). Previous studies have provided sufficient evidence that 

physical activity participation is an effective strategy to improve older adults’ balance and 



18 

 

endurance (Agmon et al., 2011; Blain et al., 2017). Additionally, the effects of physical 

activity and less sitting time have been examined by a number of studies, especially those on 

lower limb strength. (Berryman et al., 2017; Lin et al., 2015). Balance training, for example, 

doing Tai Chi or yoga, strengthens the muscles that keep people upright, including legs and 

core, which can improve stability and help prevent falls (Watson, 2016).  

In summary, older workers experience decreasing muscle strength, balance, and 

endurance because of ageing. The workplace environment often causes older workers to have 

insufficient physical activity and long sedentary sitting times, which are inversely associated 

with such functional abilities. Participation in physical activity is encouraged among older 

workers to improve their functional ability.  

2.3 Psychological wellbeing and older adults 

This section presents the literature on the psychological wellbeing of older adults, especially 

older workers, and the workplace influencers of psychological wellbeing in older workers. 

Three categories related to psychological wellbeing are emphasised: stress, depression, and 

anxiety as well as their relationship to the work environment.  

Stress 

Work stress, in association with aggravated competition, work intensification and job 

insecurity, resulting from the rapid spread of free market principles in a globalised economy, 

is considered a growing threat to the health of employees (Schnall, Dobson, & Rosskam, 

2009). The prevalence of work-related stress has increased over the last 20 years, and may 

contribute to poor work behaviour in older workers (Beehr, 2014). An interview with sixteen 
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older Australian workers (mean age of 67 years), engaged in at least 12 hours of work per 

month, reported that stress was one of the barriers they had encountered in their later working 

life (Fraser, McKenna, Turpin, Allen, & Liddle, 2009).  

Age-related changes in physical and cognitive abilities can raise adaptive challenges 

for older working adults, including an increased risk of stress. Shultz, Wang, Crimmins, and 

Fisher (2010) suggested that older age is a potential cause of stress in older workers. Further 

to this, Shultz et al. (2010) reported that older workers can experience more problems with 

regard to a lack of recognition, devaluing behaviours of supervisors and colleagues, and 

disappointment with management, when compared with younger workers. In addition, 

unemployment and involuntary job loss in older workers were other risk factors causing 

stress (Csoff, Brahler, & Lindert, 2014; Mandal & Roe, 2008). Psychological disorders, for 

example, depression, may also cause older workers’ stress (Gershon, Lin, & Li, 2002; 

Wahrendorf, Dragano, & Siegrist, 2012). Lastly, Kivimaki and Kawachi (2015) reviewed 27 

cohort studies from Europe, the USA and Japan and demonstrated that work-related stress 

could also be attributed to job strain and long working hours.  

Many studies have highlighted the negative impact of stress in older workers. For 

example, work-related stress has been associated with cardiovascular disease and 

musculoskeletal pain in older workers (Hong et al., 2015; Kivimaki & Kawachi, 2015). Data 

from four longitudinal ageing studies with information across 17 countries demonstrated that 

psychological stress of workers might also be a relevant risk factor for depression among 

older employees across countries and continents (Siegrist et al., 2012). In a sample of Italian 

radiologists and radiotherapists aged 60 years and older, participants generally expressed 

high levels of stress, with a reported 38.5% for severe organisation discomfort, 24% for job 
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strain, 28% for reward imbalance, and 25% for job dissatisfaction (Magnavita et al., 2008). 

Moreover, a study (Wahrendorf et al., 2012) of older employees from European countries 

reported that, with regard to work stress, 22.1% experienced low control at work and 31.7% 

experienced an imbalance between high effort and low reward.  

Depression 

Depression is a leading factor in work disability internationally. Lee and Kim (2015) reported 

that the prevalence of depression among working women was 15.5%, with a higher 

prevalence in older female workers and those in part-time jobs. The Black Dog Institute 

(2012) indicated that between 10% and 15% of the older population experience depression. 

The Australian Institute of Health and Welfare (2018a) reported that almost 20% of 

Australians aged between 16 and 85 years had experienced a psychological disorder in the 

previous 12 months. Furthermore, a study conducted by Pirkis et al. (2009) indicated that 

depression among older adults in Australia is a major public health issue, with 8% of them 

experiencing clinically significant depressive symptoms.  

The causes of depression in older workers are multifactorial. Lower occupational 

status and educational levels of older workers are associated with a greater lack of job control 

and depression (Haralambous et al., 2016). Studies have also provided evidence that negative 

work-related factors are associated with the development of depressive symptoms in older 

workers, including job demands, job strain, low decision latitude, workplace bullying and 

violence, and involuntary job loss (Gong et al., 2014; McCarthy, Cronly, & Perry, 2017; 

Theorell et al., 2015). In addition, Minh (2014) found that depression was associated with 

high psychological demand, low social support, and inadequate health and safety policies, 
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and led to work absenteeism. Other psychological concerns, for example, stress at work, 

might also be a relevant risk for depressive symptoms among older employees across 

countries and continents (Siegrist et al., 2012). A cross-sectional study in 35 countries 

involved interviews with 834 participants with a major depressive disorder in the workplace 

and reported that 62.5% of all participants had experienced discrimination in the workplace, 

and almost 60% of respondents suggested that their depression was a barrier to applying for 

work or training because of anticipated discrimination (Brouwers et al., 2016).  

Many studies have reported the negative influence associated with depressive 

symptoms among older workers (Asami, Goren, & Okumura, 2015; de Vries, Koeter, 

Nieuwenhuijsen, Hees, & Schene, 2015; Lazarevic, Pranjic, Selmanovic, & Grbovic, 2011). 

For example, a cross-sectional study of 17,820 Japanese workers, reported that depression 

severity was associated with work productivity loss (Asami et al., 2015). Karakus and 

Okunade (2012) investigated the likelihood of early retirement decisions of older workers 

aged 50 to 62 years old and found that obese subjects with depressive symptoms were 

significantly more likely to reduce work hours and seek early retirement. Depression 

symptoms also affect older workers’ performance, resulting in poor concentration and work 

ability (de Vries et al., 2015; Lazarevic et al., 2011; Stynen, Jansen, & Kant, 2015).  
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Anxiety 

Anxiety in older workers is of increasing concern as about 10% of the older population 

experience anxiety (Black Dog Institute, 2012). Among 2,575 participants aged 55 years and 

older who were part of the National Comorbidity Survey Replication (NCS-R), an overall 

12-month prevalence of an anxiety disorder of 12% was reported (Byers, Yaffe, Covinsky, 

Friedman, & Bruce, 2010). The prevalence of anxiety in developing countries ranged from 

0.1% in rural areas to 9.6% in urban areas, with estimates from the Latin America region 

being similar to those from high-income European and North American countries (Prina, 

Ferri, Guerra, Brayne, & Prince, 2011). A cross-sectional epidemiological study, with a 

sample of 426 patients aged 75 and older in a primary health care setting, indicated that 14.3% 

of patients suffered from anxiety disorder, and perceived health status and physical illness 

were significantly associated with this psychological disorder (Vives et al., 2013).  

Similarly to the other potential factors contributing to work-related stress and 

depression, involuntary job loss of older workers can increase their psychological anxiety 

(Howe et al., 2017). Other adverse job characteristics such as job demands (e.g., excessive 

workload, extreme time pressures) and lack of support from supervisors are also associated 

with an increased incidence of anxiety in an ageing working population (Lambert, Minor, 

Wells, & Hogan, 2016; McCarthy et al., 2017). Additionally, older workers may experience 

difficulties and spend more time in learning how to use computers and new technology in the 

workplace, which might be contributors to psychological disorders (McDonough, 2016; Soja 

& Soja, 2015). In addition, insufficient social support and job insecurity at work are also 

associated with anxiety and depression (Andrea, Bültmann, van Amelsvoort, & Kant, 2009).  
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The negative effects of anxiety symptoms on older workers have been hypothesised 

in previous studies. Poor cognitive performance has been associated with anxiety disorders 

(Beaudreau & O'Hara, 2009; Mantella et al., 2007). In a study conducted by Johnco, 

Wuthrich, and Rapee (2015) they indicated that older adults with anxiety as well as 

depression were worse at learning and benefitting from cognitive restructuring due to their 

poor cognitive flexibility skills. Work-related anxiety and depression were also significantly 

associated with work absenteeism and attendance (Enns et al., 2018). Similarly, Loukine, 

O’Donnell, Goldner, McRae, and Allen (2016) found that most of the participants with 

anxiety disorders required some modification of the work environment to continue working 

(50.3%) and were more likely to have severe disability (36.5%). 

Due to the adverse effects of such psychological issues on older workers’ work 

productivity, quality of life and health conditions, studies have been conducted to examine 

the effects of participation in physical activity on stress, depression, and anxiety. For example, 

regular activity (e.g., walking, jogging, and bicycling) was found to be an important 

moderator of older adults’ stress, especially high levels of stress (Rueggeberg et al., 2012). 

Ströhle (2009) also indicated that physical activity had positive effects on anxiety in older 

adults. Different activities presented different benefits for their depression, with higher levels 

of physical activity associated with a lower risk of depression (Joshi et al., 2016). Further to 

this, leisure activities were significantly associated with a mean change in depression among 

participants with a mean age of 73 years (Poelke et al., 2016). 

In summary, work-related stress, depression, and anxiety are important psychological 

issues in an ageing worker population. The major factors contributing to such psychological 

issues are age-related impairment, high job demands, insufficient job skills, lack of support, 
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as well as involuntary job loss. In addition, there is a positive association between stress, 

depression, and anxiety in older workers. As a result, studies have suggested a variety of 

strategies to reduce such psychological issues, including reduced job demands, increased 

supervisor support, and participation in physical activity (Kouvonen et al., 2013; Sharma & 

Haider, 2015).   

2.4 Pain and older adults 

Chronic pain is a worldwide problem in older adults, and it is associated with reduced 

mobility, increased depression, and anxiety (Reid, Eccleston, & Pillemer, 2015). Lower back, 

neck, and shoulder pain are the most prevalent musculoskeletal problems affecting office 

workers (Shariat, 2016). A large body of research has been published on the prevalence of 

lower back pain in older workers (Goetzel et al., 2015; Sadeghian, Coggon, Ntani, & 

Hosseinzadeh, 2015). Neck pain has also been reported to be a major health problem among 

older workers (Mesas et al., 2014; Van Eerd et al., 2011). Other work-related musculoskeletal 

pain in older workers has also been indicated by studies, for example, shoulder pain, knee 

pain, and headache (Alam, Akter, Sheikh, & Bahar, 2017; Kearney, Allen, Balanay, & Barry, 

2016).  

Pain has recently been defined as an unpleasant sensory and emotional experience 

associated with acute potential tissue damage, and there are different perspectives from the 

biological, psychological, and physical aspects (Williams & Craig, 2016). As indicated 

previously, prolonged sitting time and physical inactivity is prevalent within the office-based 
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workplace, and frequent sitting posture and computer use of office workers have been 

demonstrated to be related to musculoskeletal pain (Daneshmandi, Choobineh, Ghaem, & 

Karimi, 2017; Wærsted, Hanvold, & Veiersted, 2010). Shariat (2016) demonstrated that the 

absence of physical activity was another important factor that contributed to chronic 

musculoskeletal pain among office workers. Thus, in this study, pain focuses on 

musculoskeletal disorders caused by prolonged sitting time, computer use posture, and 

physical inactivity, including neck pain, knee pain, lower back pain, and shoulder pain of 

office workers. 

By focusing on office workers, many studies looked at the deeper problem of 

sedentary lifestyles in office workers and indicated that daily pain in older adults was 

attributed to an increasingly sedentary lifestyle in modern societies (Daneshmandi et al., 2017; 

Moore et al., 2012; Subramanian, 2017). Apart from the sedentary behaviour, sensory and 

motor system impairments should be considered as contributors to neck pain (Johnston, 

Jimmieson, Jull, & Souvlis, 2009). Lower back pain is also attributed to frequent kneeling 

and sustained postures, lifting heavy objects, being overweight, heavy physical workloads, 

and poor work relationships with colleagues (Abaraogu, Ezema, Igwe, Egwuonwu, & Okafor, 

2016; Awosan, Yikawe, Oche, & Oboirien, 2017). Both physical load and the psychological 

work environment seem to be associated with the occurrence of shoulder pain (Widanarko, 

Legg, Devereux, & Stevenson, 2015). These studies show that older workers suffer from pain 

due to long working hours, job strain, and uncomfortable work environments. In particular, 

there is an association between older workers who spend long hours using computers and 

reported daily pain.  
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Pain is associated with various negative effects in older workers. Lower back pain 

can have an effect on an individual’s capacity to engage in activities of daily living, and may 

even contribute to depression, anxiety, irritability, and lowered work productivity because of 

reduced work ability (Gore et al., 2012; McDonald et al., 2011). Job satisfaction has been 

reported to vary depending on older workers’ musculoskeletal pain, including lower back 

pain, shoulder pain, and arm/elbow pain (Kim, 2018). Further to these, musculoskeletal 

disorders are one of the important factors that affect absence in the workplace due to sickness 

(Odeen et al., 2013; Viikari-Juntura et al., 2012). Besides the direct effect on workers’ health 

and work productivity, work-related musculoskeletal disorders are often accompanied by an 

increasing imbalance between work demands and individual resources consequently 

affecting working participation and overall working life (Sundstrup et al., 2014). In order to 

reduce the pain issues of older workers, researchers have examined the effects of physical 

activity intervention on pain relief, and have found positive results (Moore et al., 2012; 

Sitthipornvorakul et al., 2015). 

2.5 Physical activity participation in older adults 

As outlined in the previous section, physical activity participation has been an effective 

strategy to improve physical and psychological outcomes, and to reduce pain severity in older 

adults, especially among older workers. However, there are complex factors that reduce their 

physical activity participation, including prolonged sitting time and poor physical ability. 

Thus, this section reports on the physical activity participation of older adults, and 

specifically in older workers. Details regarding the limitations that impact older workers’ 

physical activity participation, types of physical activity, and physical activity suggestions, 

are presented.   
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Age-related reductions in functional fitness, including muscle strength, flexibility, 

balance, agility, and gait velocity are common characteristics of older adults (Buchman, 

Boyle, Wilson, Bienias, & Bennett, 2007). Studies found that older workers who spend more 

time in physical activity and less time in sedentary behaviours, exhibited improved functional 

fitness and reduced psychological issues (Furtado, Sousa, Simao, Pereira, & Vilaca-Alves, 

2015; Park et al., 2017). Therefore, it is important for older adults to not only exercise 

regularly, but also to minimise time spent in sedentary behaviours.  

Although studies have demonstrated the benefits of physical activity to physical 

fitness, psychological wellbeing, and pain experience in older adults, there is a reduction in 

the diversity of participation and the intensity of activity and increasing sedentary time in 

this demographic (Dunlop et al., 2015). There are many factors that impact on older adults 

and older workers’ physical participation, including poor physical capability, different 

education levels, lack of social support, and heavy workload  (Cooper & Barton, 2016; 

Gomes et al., 2017; Sundstrup, Hansen, et al., 2016). Older workers, especially older office 

workers, experience prolonged sitting time, which limits opportunities to regularly 

participate in outside exercise (Parry et al., 2017). Thus, an appropriate physical activity 

intervention in the workplace should be developed and take into consideration the factors 

that reduce older workers’ physical activity participation. Various exercises that are suitable 

for older office workers have been indicated by the existing literature. For example, 

stretching exercises (e.g., neck stretch, lower body stretch) might be an effective strategy to 

relieve pain disorders (Tunwattanapong et al., 2016). In addition, some other office-based 

exercises, for example, neck exercise, yoga, and resistance training, are also recommended 
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for older sedentary office workers and have positive effects on health promotion (Lee et al., 

2017; Wingate, 2016).  

As indicated previously, office workers tend to be habituated to sedentary behaviours 

due to the lack of time spent in physical activity. Potentially, the incorporation of regular 

exercise into the weekly schedules of office workers may be of particular benefit. Takagi, 

Nishida, and Fujita (2015) suggested that the total amount of physical activity undertaken 

decreases with age in older adults, with moderate to vigorous intensity physical activity 

decreasing and light intensity physical activity increasing with age. One light intensity 

physical activity is Tai Chi, which is low cost, can be performed on site, and requires little 

equipment (Li & Harmer, 2015). Previous studies have examined the effect of Tai Chi on 

health promotion of older adults and have found positive results (Dogra, Shah, Patel, & 

Tamim, 2015; Siu, Padilla, & Rajaram, 2017). Additionally, resistance training may be 

another appropriate exercise that has been widely used in workplace physical activity 

interventions, as it can be easily performed within the workplace (Caputo et al., 2017). 

Workplace studies have espoused the benefits of different resistance training interventions in 

terms of relieving pain and improving muscle strength (Andersen et al., 2010; Dalager, 

Justesen, & Sjøgaard, 2017; Zavanela et al., 2012). As a result, both Tai Chi and resistance 

training are two recommended exercises for older office workers.  

In summary, age-related functional impairment restricts the physical activity 

participation of older adults. Prolonged sitting time of older office workers is another 

important factor that limits physical activity participation in the ageing workforce. Low to 

moderate physical activity is recommended for older adults to participate and it might be 

better for older office workers to participate in some office-based exercise. Tai Chi and 
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resistance training may be feasible for them to practice. Further discussion about the effects 

of Tai Chi and resistance training is presented in the following sections.  

2.6 Tai Chi as a physical activity for older adults 

Tai Chi, a traditional Chinese exercise, has been found to be one of the most beneficial 

exercises for preventing falls in older adults (Schleicher, Wedam, & Wu, 2012). Many studies 

have examined the effectiveness of Tai Chi on psychological wellbeing and physical fitness 

in older adults (Huang & Liu, 2015; Sharma & Haider, 2015). This section reports on the 

different Tai Chi styles used in previous studies and the benefits of Tai Chi exercise for health 

promotion in older adults, especially regarding physical fitness (i.e., muscle strength, balance, 

and endurance), psychological health (i.e., levels of stress, depression, and anxiety), and pain 

in older workers.  

Tai Chi has a variety of styles, including Chen, Yang, Hao, Wu, and Sun, which have 

different characteristics (Yang et al., 2015). The specific characteristics of the five Tai Chi 

styles are shown in Table 2.1. A number of different Tai Chi styles have been used in the 

studies examining the effects of Tai Chi. Hsu (2012) indicated that Yang style Tai Chi was 

the most popular Tai Chi used in the health promotion of older adults. Chen and Sun style 

Tai Chi were also commonly used in studies regarding quality of life and older adults. The 

24-step simplified Tai Chi, also called Yang style Tai Chi, is relatively easier to learn and 

control than other styles (Zhu et al., 2018). In order to suit the physical and psychological 

need of older adults, some new modified Tai Chi forms that are seen as easy-to-learn and 

easy-to-perform were created, for example, the Simplified Tai Chi Exercise Programme 
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(STEP) which has been found to be effective for improving psychological wellbeing in older 

adults (Chen et al., 2002).  

Table 2.1: Different Tai Chi styles and characteristics 

Tai Chi styles Characteristics 

Chen High physical demand and lower stance than Sun style Tai Chi. It is 

suitable for younger and physically stronger practitioners. 

Yang The most popular and widely practised style word-wide. It is easy for 

new beginners to learn and practice. 

Hao Needs significant background knowledge of Tai Chi, because it focuses 

more on internal movements rather than the physical motions. 

Wu The second most popular style of Tai Chi. Unlike Yang style Tai Chi, it 

emphasises small, compact movements over larger and medium-sized.  

Sun Higher, less kicking and punching, and all movement have the same 

tempo, and a very strong Qigong emphasis, making it more popular with 

older practitioners. 

Previous systematic reviews have examined the relationship between Tai Chi and 

psychological wellbeing of older adults and have found positive outcomes (Wang, Bannuru, 

et al., 2010; Wang et al., 2014). For example, a quasi-experimental study of older adults aged 

55 years or older indicated that 12 weeks of Tai Chi, three times per week, significantly 

decreased anxiety levels (Chang et al., 2013). Wang et al. (2009) indicated that participants 

assigned to a Tai Chi group demonstrated significant improvement in pain management 

according to the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 

after a 12-week intervention, with no change in the control group (i.e., wellness education 
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and stretching).  Further studies have also demonstrated the benefits of Tai Chi on stress and 

depression of older adults (Taylor-Piliae, Haskell, Waters, & Froelicher, 2006; Wang, 

Bannuru, et al., 2010).  

When it comes to the relationship between Tai Chi participation and physical fitness, 

most studies indicated a positive association in older adults (Dogra et al., 2015; Lee, Hui-

Chan, & Tsang, 2015; Schleicher et al., 2012; Tsang, 2013). Tai Chi has a significant effect 

on balance control compared with limb mobilisation exercise (i.e., the control group) in older 

adults, with an improvement of 21.2% observed in the Tai Chi group and no improvement in 

the control group (Lee et al., 2015). Another study conducted by Dogra et al. (2015) indicated 

that Tai Chi showed significantly positive effects on general health, including upper limb 

strength, lower limb strength, balance, and endurance in older adults after a 16-week period. 

Schleicher et al. (2012) conducted a literature review to investigate the effects of Tai Chi on 

falls prevention for older people, and also found positive associations. Further to this, Tai 

Chi has also been demonstrated to be a potential exercise in pain relief in older adults, 

including knee osteoarthritis, neck pain, and lower back pain (Wang et al., 2009; Zhang, 

2014).  

Limited studies have used Tai Chi exercise in treating wellbeing in the workplace, 

with two studies focused on nurses and one study on computer users. A 15-week Tai Chi 

intervention has been shown to have large effects on work-related stress reduction in older 

nurses in a study conducted by Palumbo et al. (2012). Further to this, Palumbo et al. (2012) 

indicated significant improvement in a Functional Reach Test in the Tai Chi group compared 

with the non-exercise group. Another 8-week on-site Tai Chi programme also resulted in 

significant improvements in sleep and stress reduction in middle-aged nurses (average age 
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of 40 years) (Steinberg et al., 2017). Tamim et al. (2009) examined the effects of a 12-week 

Tai Chi intervention on musculoskeletal fitness and psychological wellbeing among female 

university computer users with an average age of 46 years, and found that Tai Chi was 

effective in several areas, including heart rate, upper limb strength, and stress.  

In summary, Tai Chi has been shown to be a safe and effective low intensity physical 

activity in older adults. Numerous studies have examined its benefits on both physical fitness 

and psychological wellbeing in older adults. Limited studies have also been conducted to 

examine the effects of Tai Chi on health promotion in older workers. The application of a 

Tai Chi intervention in office workers aged 55 years and older is yet to be tested. 

2.7 Resistance training as a physical activity for older adults 

Resistance training is now recognised as a safe and effective method for strength 

improvement and as an important contributor to enhancing physical capabilities (Fleck & 

Kraemer, 2014). Various devices can be used to facilitate resistance training, for example, 

elastic bands, weight machines, and weighted vests (Fleck & Kraemer, 2014). The Thera-

band, the original system of progressive resistance for over 25 years and endorsed by the 

American Physical Therapy Association, is low cost, portable, and versatile. Different 

colours of Thera-bands are available and reflect a hierarchy of resistance levels, distinguished 

by the thickness of the band (see Table 2.2). There is some evidence that resistance training 

using Thera-band improves the functional ability of older adults, and aids in the rehabilitation 

of chronic disease, particularly musculoskeletal conditions (Yoo & Yoo, 2013; Yu, An, & 
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Kang, 2013). A systematic review conducted by O'Connor, Herring, and Caravalho (2010) 

indicated that resistance training was also associated with significant benefits for 

psychological health, for example, depression and anxiety. Similar results between resistance 

training and stress have also been shown in the study conducted by Arent and Golem (2012).  

Table 2.2: Thera-band force-elongation  

Thera-band 

colour 

Increase from preceding 

colour at 100% elongation 

100% elongation 200% elongation 

Tan - 1.1 kg 1.5 kg 

Yellow 25% 1.3 kg 2.0 kg 

Red 25% 1.7 kg 2.5 kg 

Green 25% 2.1 kg 3.0 kg 

Blue 25% 2.6 kg 3.9 kg 

Black 25% 3.3 kg 4.6 kg 

Silver 40% 4.6 kg 6.9 kg 

Gold 40% 6.5 kg 9.5 kg 

Specifically, studies using strength training have found significantly positive results 

on lower limb strength, upper limb strength, and balance, as well as on walking endurance in 

older adults. Resistance training was effective in improving lower limb strength of older 



34 

 

adults within different intervention periods (between 12 weeks and 24 weeks) and different 

intervention frequencies (two times or three times per week) (Hanson et al., 2009; Henwood, 

Riek, & Taaffe, 2008; Marsh, Miller, Rejeski, Hutton, & Kritchevsky, 2009). As for arm 

strength, significantly positive results in arm strength have been found after different types 

of resistance training in older adults, for example, low intensity resistance training, high 

intensity resistance training, power training using pneumatic machines or plate-loaded 

machines, and strength training with bodyweight only exercises (Balachandran et al., 2017; 

Karabulut, Abe, Sato, & Bemben, 2010; Radaelli et al., 2014). In addition, previous 

systematic reviews and RCT studies have highlighted the benefits of resistance training for 

balance and aerobic endurance (Orr, Raymond, & Singh, 2008; Parmenter, Raymond, Dinnen, 

Lusby, & Fiatarone Singh, 2013).  

From the perspective of psychological improvement, resistance training has shown 

an effect on the reduction of depression symptoms in older adults (Gordon et al., 2018; 

Kekalainen, Kokko, Sipila, & Walker, 2018). Studies have also demonstrated that resistance 

training significantly reduces levels of anxiety in older adults (Cassilhas et al., 2007; 

O'Connor et al., 2010). As previously indicated, pain is another common issue experienced 

by older adults, especially by older workers, due to long sitting time and physical inactivity. 

Resistance training has been found to lead to a reduction in chronic pain symptoms in older 

adults, including headache, lower back pain, and pain in other body regions (Li et al., 2017; 
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Pedersen, Andersen, Jørgensen, Søgaard, & Sjøgaard, 2013; Steele, Bruce-Low, & Smith, 

2015).  

Health and fitness benefits of resistance training intervention have also been widely 

investigated in the workplace, especially for work-related pain relief (Andersen et al., 2010; 

Caputo et al., 2017; Jakobsen, Sundstrup, Brandt, & Andersen, 2017; Sundstrup, Jakobsen, 

et al., 2016). Further to this, Jakobsen et al. (2017) indicated that workplace strength training 

using elastic bands was not effective as a home-based physical activity on psychological 

wellbeing in female healthcare workers (mean age of 42 years). However, resistance training 

has been demonstrated to be effective in physical fitness improvement among computer users, 

including lower limb strength and mobility (Decker et al., 2016; Mulla et al., 2018; Nestler 

et al., 2017). Limited studies have used resistance training in improving psychological 

wellbeing among older office workers.  

It might be challenging for older adults to choose the correct resistance training 

intensity because of their functional impairment. Caserotti, Aagaard, Buttrup Larsen, and 

Puggaard (2008) indicated that explosive-type heavy resistance training (75–80% of 1 RM) 

seems to be safe and well tolerated twice a week in healthy women aged over 80 years. The 

American College of Sports Medicine and American Heart Association physical activity 

recommendations suggest that older adults over 65 years should participate in at least two 

non-consecutive days of moderate intensity (moderate effort is 5 or 6 on a 10-point scale) to 

high intensity (high effort is 7 or 8 on a 10-point scale) resistance training every week, but 
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preferably three days (Chodzko-Zajko et al., 2009; Nelson et al., 2007). Based on these 

recommendations, it seems safe and reasonable for older adults aged 55 years and older to 

practice resistance training at a moderate to high intensity three times a week within non-

consecutive days.  

In summary, resistance training has been shown to be effective on physical fitness 

development and pain reduction. Studies have also indicated the positive association between 

resistance training and psychological wellbeing in older adults. It is also possible to apply 

resistance training in the workplace in order to improve office workers’ muscle strength, 

mobility, and endurance and reduce work-related pain issues. However, the potential of 

resistance training in treating psychological wellbeing still need to be examined. Based on 

the physical activity recommendations for older adults, moderate intensity resistance training 

in adults aged 55 years and older is recommended. In addition, in order to maintain their 

safety, it is suggested that older adults should practice resistance training on non-consecutive 

days, to a maximum of three times per week. 

2.8 Tai Chi combined with resistance training as a physical activity for older adults  

This section comprises a systematic review which has been accepted for publication by the 

Journal of Geriatric Physical Therapy. The paper reviews the existing literature regarding 

the effects of Tai Chi combined with resistance training on physical health, psychological 

wellbeing, pain, health-related quality of life, and age-related impairment in older adults.  
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Tai Chi combined with resistance training for adults aged 50 years and older: a 

systematic review 

ABSTRACT 

Background and Purpose: Despite Tai Chi and resistance training being recommended as 

a suitable exercise for older adults, there are no systematic reviews synthesising the 

effectiveness of a combination of Tai Chi and resistance training on health promotion of older 

adults. This study aimed to review the existing literature regarding the effect of Tai Chi and 

resistance training on physical health, psychological wellbeing, pain, health-related quality 

of life, and age-related impairment in adults aged 50 years and older. 

Methods: A systematic review was conducted to report the health outcomes of Tai Chi 

combined with resistance training research in adults aged 50 years and older. Articles were 

identified by searching PubMed, Scopus, Web of Science, CINAHL, Medline, Physiotherapy 

Evidence Database (PEDro), and the Cochrane library using search terms representing “Tai 

Chi” AND “resistance” AND “older adults”. Quantitative experimental studies with 

participants aged 50 years and older, where one of the interventions was Tai Chi and 

resistance training, were included.  

Results and Discussion: The literature search yielded 648 articles from which seven met the 

inclusion criteria. Collectively, the studies involved 703 participants aged 50 years and older, 

including healthy older adults, older adults with falls, postmenopausal women, and people 
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diagnosed with end-stage hip osteoarthritis. Studies included different Tai Chi forms in 

combination with various types of resistance training. Training sessions were 2 to 7.5 hours 

per week, and lasted between 12 weeks and 12 months. After long-term Tai Chi and 

resistance training, participants showed significant improvement in upper and lower 

extremity muscle strength, aerobic endurance, balance, and mobility. However, one study 

failed to show improvement in Functional Movement Screening compared with traditional 

Tai Chi and non-exercise groups. No study examined the effects of Tai Chi and resistance 

training on health-related quality of life, fear of falling or psychological wellbeing in adults 

aged 50 years and older.  

Conclusions: The review supports that Tai Chi in combination with resistance training 

improves physical function and muscle strength in adults aged 50 years and older.  

Keywords: older adults; physical function; resistance training; Tai Chi. 
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INTRODUCTION 

Age-related physiological changes affect the functioning of all body systems and as a result 

the prevalence of physical limitations and falls increases in adults aged 50 years and older 

(Holmes, Powell-Griner, Lethbridge-Cejku, & Heyman, 2009; Painter, Elliott, & Hudson, 

2009). Ageing also brings with it an increased risk of mental or neurological disorders, with 

one of the most common neuropsychiatric disorders in older adults being depression (World 

Health Organization, 2017). In addition, ageing is also associated with reduced muscle 

strength and physical performance (Landi et al., 2017; Turusheva, Frolova, Hegendoerfer, & 

Degryse, 2017). Chronic disease, hearing loss, and cognitive impairment are also associated 

with declining health-related quality of life (HRQOL) in older adults (Ciorba, Bianchini, 

Pelucchi, & Pastore, 2012; Sinn et al., 2012). Exercise is an important undertaking for people 

of any age and can help to overcome some of the problems of ageing (Chang, Pan, Chen, 

Tsai, & Huang, 2012; Yu et al., 2013). For instance, moderate intensity physical activity 

participation is associated with a lower risk of depressive symptoms (Chang, Lu, Hu, Wu, & 

Hu, 2017) and aerobic exercise, in particular, improves functional fitness (e.g., aerobic 

endurance, leg muscle strength, balance, and mobility) (Chang, Wang, Chen, & Hu, 2017).  

Tai Chi, a type of psychophysiological exercise, is one of the many activities that can 

have beneficial effects for older adults and in particular, for preventing falls (Schleicher et 

al., 2012). This exercise emphasises breathing control, stable rhythm, weight shifting, and 

balance (Baker, 2017; Chang et al., 2014). Participation in Tai Chi has been shown to 
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improve physical fitness and psychological wellbeing, including reducing stress, depression, 

anxiety, and pain (Liu et al., 2015; Sharma & Haider, 2015). Resistance training, also called 

strength training or weighted training, has been associated with marked improvements in 

muscle strength and physical function (Liu & Latham, 2009; Straight, Lindheimer, Brady, 

Dishman, & Evans, 2016). Resistance training has also been reported to have a positive effect 

on depression and anxiety (O'Connor et al., 2010). Various devices can be used to facilitate 

resistance training, for example, elastic bands, weight machines, and weighted vests (Fleck 

& Kraemer, 2014) Therefore, it is likely that combining resistance training with Tai Chi 

exercise may further promote and enhance physical function and psychological wellbeing 

compared with Tai Chi exercise or resistance training only. Few studies have evaluated the 

effects of Tai Chi incorporating a resistance training (TCRT) programme. For example, one 

study indicated that the TCRT programme has been shown to improve muscle strength in 

older adults with a mean age of 65.3 years compared with Tai Chi exercise only (Su et al., 

2015). 

Previous systematic reviews have investigated the benefits of Tai Chi or resistance 

training in terms of their individual impact on the health of older adults aged 65 years and 

older (Eckardt, 2016; Hu et al., 2016). Systematic reviews have not considered the combined 

impact of TCRT on health outcomes in older adults. “Older adults” in the American College 

of Sports Medicine and the American Heart Association physical activity and public health 

recommendation (Nelson et al., 2007) refers to individuals aged 65 years and older. But these 
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recommendations are also relevant for adults aged 50-64 years with clinically significant 

chronic conditions and/or functional limitations. Older women in studies about physical 

function decline, and domestic violence also refer to adults aged 50 years and older 

(Lazenbatt, Devaney, & Gildea, 2013; Seguin et al., 2012). Given the authors are interested 

in improving physical and psychological functioning in older adults, the decision was made 

to include papers related to adults aged 50 years and older.  

This systematic review focuses on existing literature that evaluated the effects of a 

TCRT programme on health outcomes in adults aged 50 years and older. The operational 

definition of health outcomes used in this systematic review is a change in the health of an 

individual, or a group of population, which is wholly or partially attributed to an intervention 

or a series of interventions (Sansoni, 2016). Health outcomes can be categorised into physical 

health, psychological wellbeing, social health, pain, HRQOL, disease, impairment, and life 

expectancy. 

METHODS  

Registry of the Systematic Review Protocol 

The protocol of this review complied with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) Guidelines (Moher et al., 2015). It was prospectively 

registered with the International Prospective Register of Systematic Reviews (PROSPERO) 

(registration number CRD42017069692).  
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Literature Search  

A systematic literature search was conducted in the following seven major bibliographic 

databases: PubMed, Scopus, Web of Science, CINAHL, Medline, Physiotherapy Evidence 

Database (PEDro), and the Cochrane library from the earliest available year of publication 

of the topic to January 2018. Manual searches were subsequently performed through 

reference lists of relevant articles. Search terms were based on controlled terms from Medical 

Subject Heading (MeSH) in PubMed. Search terms representing “Tai Chi” were used in 

combination with search terms representing “resistance” and “older adults”. Keyword 

searches were performed on titles, abstracts and keywords.  

Inclusion Criteria 

Original quantitative experimental studies were included and restricted to full-text 

manuscripts published in English. Conference abstracts, literature reviews, and theses were 

excluded. The Population Intervention Comparison Outcomes (PICO) framework (da Costa 

Santos, de Mattos Pimenta, & Nobre, 2007) was used to evaluate the suitability of studies for 

inclusion as follows: (1) Population: adults aged 50 years and older; (2) Intervention: one of 

the interventions was a Tai Chi combined with resistance training programme; (3) 

Comparison: any control or comparison group; and (4) Outcomes: health outcomes including 

physical health, psychological health, pain, HRQOL, and impairment.  
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Selection Process and Quality Assessment 

Titles and abstracts of articles identified through the search process were reviewed firstly by 

one author (MQ) to exclude articles out of scope. Subsequently, two authors (MQ and CJ) 

independently reviewed the full texts of all potentially relevant articles for eligibility. 

Disagreements were discussed and resolved with a third author (WM). The levels of 

agreement between the reviewers was assessed by a Cohen’s Kappa score. The score was 

classified as follows: ˂ 0.2 as poor, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as 

substantial, and 0.81-1.00 as almost perfect agreement (McHugh, 2012). The Physiotherapy 

Evidence Database (PEDro) scale was applied to assess the quality of eligible studies as it 

has sufficient validity for use in systematic reviews on physical therapy (de Morton, 2009). 

Each study received one point for each scale item if a criterion was clearly satisfied or zero 

if insufficient information was provided to determine the quality. Any author disagreements 

were resolved by discussion and consensus. 

Data Extraction 

For each eligible study, one reviewer (MQ) independently extracted important information 

and entered it into Table 2.3 and Table 2.4. Table 2.3 ranks the methodological quality of the 

included studies. Table 2.4 provides a summary of each study including author names, year 

of publication, study design, participant demographics, dropout rate, participant attendance, 
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intervention frequency and duration, outcome measures, as well as study results. Author 

disagreements were resolved by discussion. 

RESULTS  

A total of 648 papers were identified: 111 in PubMed, 143 in Scopus, 234 in Web of Science, 

41 in CINAHL, 41 in Medline, 29 in PEDro, 43 in Cochrane, and 6 by manual search. Of 

these, 321 papers were identified as duplicates and removed, leaving 327 papers. The titles 

and abstracts of the 327 articles were initially reviewed. After removing 254 out of scope 

articles, the full text of 73 potential studies were independently assessed for eligibility. There 

was a high level of agreement between the two authors (k = 0.91, p < 0.001). Seven articles 

satisfied the inclusion criteria (Lin et al., 2015; Robitaille et al., 2005; Su et al., 2015; Wang 

et al., 2016; Wang, Yu, Chen, Lu, & Yu, 2015; Zeng et al., 2015; Zhuang, Huang, Wu, & 

Zhang, 2014) and were included in this systematic review (see Figure 2.1). 
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Figure 2.1: PRISMA flow diagram  

TC = Tai Chi; RT = Resistance Training; TCRT = Tai Chi combined with resistance 

training 
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Characteristics of Included Studies  

Quality assessment 

The quality of included studies ranged from 4 to 9 on the PEDro scale, with an average score 

of 5.9, and four studies were classified as high quality (see Table 2.3). Generally, a low 

quality study classification was mainly attributed to: selection bias (unconcealed allocation), 

performance bias (failure to blind therapists), measurement bias (failure to blind participants 

and assessors), and failure to use an intention-to-treat (ITT) analysis. The review found that 

participants were not blinded to group allocation in any of the included studies. Also, only 

one of the studies applied an ITT analysis (Wang et al., 2016). However, this was neither 

feasible nor practical given the nature of the studies. Assessors were blinded to outcome 

measures and group allocation to avoid measurement bias in four studies (Lin et al., 2015; 

Robitaille et al., 2005; Wang et al., 2016; Zeng et al., 2015). In addition, only one study 

blinded the therapists to avoid performance bias (Wang et al., 2016). To avoid selection bias, 

three of the studies used random numbers, computer-generated numbers, and envelope-based 

randomisations to allocate participants to either the intervention or control group (Wang et 

al., 2016; Zeng et al., 2015; Zhuang et al., 2014). However, the remaining four studies did 

not describe the specific methods of randomised allocation (Lin et al., 2015; Robitaille et al., 

2005; Su et al., 2015; Wang et al., 2015). All seven studies reported between-group 

differences with point estimates and measures of validity. 
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Table 2.3: PEDro quality assessment results (n = 7) 

Studies Lin et al. 

(2015) 

Robitaille et 

al. (2005) 

Su et al. 

(2015) 

Wang et al. 

(2015) 

Wang et al. 

(2016) 

Zeng et al. 

(2015) 

Zhuang et 

al. (2014) 

Randomised allocation 1 0 1 1 1 1 1 

Concealed allocation 0 0 0 0 1 1 1 

Similarity between groups at baseline 1 1 1 1 1 1 1 

Blinding of all subjects 0 0 0 0 0 0 0 

Blinding of all therapists  0 0 0 0 1 0 0 

Blinding of all outcome assessors 1 1 0 0 1 1 0 

Dropout rate <15% 1 1 0 1 1 0 1 

All received treatment or key outcome was 

analysed by “intention-to-treat” 

0 0 0 0 1 0 0 

Between-group statistical comparisons 1 1 1 1 1 1 1 

Both point and variability measures provided 1 1 1 1 1 1 1 

Total (0 to 10)  6/10 5/10 4/10 5/10 9/10 6/10 6/10 
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Participants and outcomes  

The seven studies in this systematic review involved a total of 703 participants aged 50 years 

and older, including healthy older adults (Lin et al., 2015; Su et al., 2015; Wang et al., 2016; 

Zhuang et al., 2014), older adults with a history of falls, (Robitaille et al., 2005) healthy 

postmenopausal women (Wang et al., 2015), and patients following total hip arthroplasty 

(THA) (Zeng et al., 2015). Four main intervention study designs were represented, including 

multiple-armed randomised controlled trials (Su et al., 2015; Wang et al., 2016; Yang et al., 

2015), randomised controlled trials (Zeng et al., 2015; Zhuang et al., 2014), cluster 

randomised trials (Lin et al., 2015), and quasi-experiments (Robitaille et al., 2005). Five 

studies were conducted in mainland China (Su et al., 2015; Wang et al., 2016; Wang et al., 

2015; Zeng et al., 2015; Zhuang et al., 2014), one in Taiwan (Lin et al., 2015), and one in 

Canada (Robitaille et al., 2005).  

For the health outcome measures, a variety of reliable and valid assessment tests were 

undertaken, including: Functional Movement Screen (Wang et al., 2016); Timed Up and Go 

Test (Zeng et al., 2015; Zhuang et al., 2014); Chair-Sit-and-Reach Test (Lin et al., 2015); 30-

second Chair Stand Test (Lin et al., 2015; Zhuang et al., 2014); Functional Reach Test 

(Robitaille et al., 2005; Zhuang et al., 2014); Arm Curl Test (Lin et al., 2015); Back-Scratch 

Test (Lin et al., 2015); 6-Minute Walk Test (Lin et al., 2015; Zeng et al., 2015); Star 

Excursion Balance Tests (Zhuang et al., 2014); Western Ontario and McMaster Universities 

Osteoarthritis Index (Zeng et al., 2015); as well as Bone Mineral Density measurement 

(Wang et al., 2015) (see Table 2.4). 
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Table 2.4: Summary of Tai Chi combined with resistance training exercise trials for adults aged 50 years and older (n = 7) 

Authors 

& 

location 

Study 

design 

Participants, 

dropout, 

attendance  

Intervention frequency and duration Outcome measures Results 

Lin et al. 

(2015) 

Taiwan  

Cluster 

RCT 

- 108 people, aged 

over 65 years 

(mean age of 

74.0 years) 

- Dropout rate: 

12% (dropout 

and relocation) 

 TCRT Group: 15-minute warm up, 30-

minute TCRT (manipulating the 

Thera-bands by both hands while 

performing 10 simple Tai Chi forms), 
and 15-minute cool down. Twice 

weekly for 16 weeks.                       

 Control Group: routine activities. 

 Functional fitness 

- Arm curl 

- Chair-stand-up 

- Back-scratch 

- Chair sit-and-reach 

- 6-minute walk 

- 8-foot up and go 

 Muscle strength 

- TCRT group performed significantly better 

than the control group on upper body 

strength, lower extremities flexibility, 

dynamic balance, and aerobic endurance, 

with exception of lower body strength and 

upper body flexibility (p < 0.001). 

- TCRT group significantly improved both 

muscle strength of upper and lower 

extremities, with the exception of right hip 

flexion compared with the control group (p 

< 0.001). 

Robitaill

e et al. 

(2005) 

Canada  

Quasi-

experime

ntal 

design 

- 200 older adults, 

aged over 60 

years (mean age 

of 73.9 years)  

- Dropout rate: 

11.5% (loss of 

motivation, 

availability, and 

health issues) 

- Attendance: 

78% 

 Intervention group: Tai Chi 

movements and leg strengthening 

exercises with elastic bands, 1 group-

based session and 1 home-based 

practice per week for 12 weeks. 

 Control group: No exercise.  

 

 Static balance  

 Stability limits  

 Mobility  

 Lower extremity 

muscles 

 Walking speed 

 Grip strength  

- The intervention significantly improved 

static balance, and mobility.  

(Continued on next page) 
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Table 2.4 (continued) 

Authors 

& 

location 

Study 

design 

Participants, 

dropout, 

attendance  

Intervention frequency and duration Outcome measures Results 

 

Su et al. 

(2015) 

China  

Multiple

-armed 

RCT 

- 49 older adults, 

(mean age of 

65.3 years) 

 TC Group: Four to five 60-minute 

sessions per week for 4-months.                          

 TCRT Group: Four to five 60-minute 

sessions of weighted TC (Tai Chi 

training wearing a weighted vest) per 

week for 4-months.                    

 Control Group: no intervention. 

 Lower limb 

isokinetic muscle 

strength  

 

- TCRT group had significant improvement 

on lower extremities muscle strength 

compared with the TC group (p < 0.05). 

- TCRT group had significant improvement 

on lower extremities muscle strength 

compared with the control group (p < 0.05). 

Wang et 

al. 

(2015) 

China  

Multiple

-armed 

RCT 

- 119 

postmenopausal 

women, aged 

52-65 years 

(mean age of 

58.5 years) 

- Dropout rate: 

10.9% (time 

conflicts and 

low attendance)  

 Control group: routine living. 

 TC group: Yang style Tai Chi, 4 times 

a week for 60 minutes each, for 12 

months. 

 TCRT group: simplified TCRT (4 

Chen-style actions, each consists of 8 

movements. Resistance was 

incorporated into the last module), 4 

times a week for 60 minutes each, for 

12 months.  

 BMD of the lumbar 

L2-L4 region, 

femoral neck, and 

Ward’s triangle 

- L2-L4 BMD significantly increased in 

TCRT group compared with baseline (p = 

0.01). 

- No significant difference among the 3 

groups, with higher L2-L4 BMD in the 

TCRT group (p = 0.06). 

(Continued on next page) 



53 

 

Table 2.4 (continued) 

Authors 

& 

location 

Study 

design 

Participants, 

dropout, 

attendance  

Intervention frequency and duration Outcome measures Results 

Wang et 

al. 

(2016) 

China 

Multiple

-armed 

RCT 

- 90 older adults, 

aged 60-70 years 

(mean age of 

65.5 years) 

- Dropout rate: 

12.2% (dropout, 

scheduled 

conflict, low 

attendance) 

 Control group: routine living. 

 TC group: Yang style Tai Chi, 4 times 

a week for 60 minutes each, for 6 

months. 

 TCRT group: simplified TCRT (4 

Chen style actions, each consists of 8 

movements. Resistance was 

incorporated into the last module), 4 

times a week for 60 minutes each, for 6 

months. 

 FMS tests 

- Deep squat 

- Hurdle step 

- In-line lunge 

- Shoulder mobility 

- Active straight leg 

rise 

- Trunk stability 

push-up 

- Rotary stability 

- FMS scores significantly improved in 

both TC and TCRT groups compared 

with baseline (p < 0.001), while no 

difference was found in the control group. 

- TCRT group had significantly higher 

FMS scores than the control group. 

- TCRT group showed higher improvement 

in hurdle step, leg rise, push-up, and 

rotary compared with TC and control 

group.  

Zeng et 

al. 

(2015) 

China 

RCT - 81 patients with 

THA, aged 60-

69 years (mean 

age of 65.0 

years) Dropout 

rate: 27.2% 

(dropout and 

health problem)  

 TCRT group: 45-60 minutes 10 

simplified Tai Chi training, 20-30 

minutes hip muscle strength training 

(putting sandbags on the foot) and 

ROM training for 12 weeks, at least 5 

times per week, and one-to-one 

preoperative education programme. 

 Control group: Preoperative education. 

 WOMAC 

 6MWT 

 TUG 

 UPST 

 ROM 

- TCRT group performed significant 

improvement in exercise tolerance, 

mobility, and self-reported functional 

statue compared with the control group (p 

< 0.01). 

- TCRT group performed significant 

improvement in the ROM abduction 

ability (p < 0.05). 

 (Continued on next page)
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Table 2.4 (continued) 

Authors 

& 

location 

Study 

design 

Participants, 

dropout, 

attendance  

Intervention frequency and duration Outcome measures Results 

Zhuang 

et al. 

(2014) 

China  

RCT - 56 community-

dwelling older 

adults, aged 60-

80 years (mean 

age of 65.9 

years) Dropout 

rate: 10.7% 

(time conflicts 

and 

transportation 

difficulties)  

 TCRT Group: 5-minute warm up, 15-

minute balance exercises, 15-minute 

muscle strength training (targeting 

the lower extremities and posture 

muscles), and 15 minute 8-form Yang 

style Tai Chi, ending with 10-minute 

flexibility /stretching and cool down. 

60 minutes per class, 3 times per week 

for 12 weeks.  

 Control group: maintain usual level of 

physical activity. 

 Physical performance 

- CS-30 

- TUG 

- FR 

- SEBTs 

 Lower limb 

isokinetic strength 

 Gait analysis 

  - Speed 

  - Cadence 

  - Step length 

- TCRT group demonstrated significant 

improvement in lower body strength and 

endurance, and dynamic balance and 

mobility compared with the control group 

(p < 0.001). 

- TCRT group also demonstrated 

significant improvement in both knee and 

ankle isokinetic strength compared with 

the control group (p < 0.001). 

 

 

Abbreviations: 6MWT, 6 minute walk test; BMD, bone mineral density; CS-30, 30-second chair stand test; FBOS, functional base of support; FMS, 

functional movement screen; FR, functional reach test; RCT, randomised controlled trial; SEBTs, star excursion balance tests; SOT, sensory 

organization test; TC, Tai Chi; TCRT, Tai Chi resistance training; THA, total hip arthroplasty; TUG, time up and go; UPST, unipedal stance test; 

ROM, range of motion; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index 
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Dropout rate, attendance and adverse events 

Of the seven included trials, one study did not report a dropout rate (Su et al., 2015). The 

other six studies reported an average dropout rate of 14.1%, from 10.7% (Zhuang et al., 2014) 

to 27.2% (Zeng et al., 2015). The high dropout rate was mainly due to dropout without 

explanation, time conflict, relocation, transportation difficulties, and health problems. Most 

of the included studies did not report participants’ attendance rates, with only one study 

(Robitaille et al., 2005) specifically indicating that participants’ attendance was 78% during 

the 12-week TCRT exercise programme. Wang et al. (2015) reported that participants with 

low attendance were not included in the final data analysis, which is not consistent with an 

ITT analysis principle. None of the other studies reported adverse effects from TCRT. 

Although patients suffered from quadriceps muscle weakness after total hip arthroplasty 

surgery (Meier et al., 2008), the researchers demonstrated that “there was no wound 

infections, joint dislocations, or major medical complications in all patients” after a 12-week 

TCRT intervention involving patients with total hip arthroplasty (Zeng et al., 2015, p. 268).  

Effects of TCRT  

Across all studies, the interventions were varied with respect to the style of Tai Chi exercise 

training and resistance training, and the duration and frequency of the exercise programme. 

The frequency and duration of the TCRT programs ranged from 2 hours to 7.5 hours per 

week from 12 weeks to 12 months, respectively. Of the seven trials, three used a non-exercise 
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control group (Lin et al., 2015; Robitaille et al., 2005; Zhuang et al., 2014) and one used a 

one-to-one preoperative education programme control group (Zeng et al., 2015). Three 

studies compared TCRT intervention with both the Tai Chi control group and a non-exercise 

control group (Su et al., 2015; Wang et al., 2016; Wang et al., 2015). All of the seven studies 

involved supervised group exercise. 

The most common TCRT exercise was Tai Chi followed by resistance training. 

Zhuang et al. (2014) applied strength training, including standing on toes and bodyweight 

squats, as well as the 8-form Yang style Tai Chi. Wang et al. (2015) and Wang et al. (2016) 

performed Chen style Tai Chi, incorporated with resistance training in their last module. Zeng 

et al. (2015) used the 10 simplified forms of Tai Chi followed by hip muscle training using 

sandbags to apply resistance to the ankle during lower limb exercises. Robitaille et al. (2005) 

applied Tai Chi movements and leg strengthening exercise with elastic bands of varying 

thickness. In addition, two studies incorporated resistance training while performing Tai Chi, 

using Thera-band resistance exercise (Lin et al., 2015), and wearing a weighted vest (Su et 

al., 2015). However, no specific Tai Chi forms were mentioned in any of these studies.  

Effects of TCRT on physical function 

Three studies found TCRT to be superior for improvement of aerobic endurance compared 

with either a non-exercise group (Lin et al., 2015; Zhuang et al., 2014) or a preoperative 

education group (Zeng et al., 2015). TCRT significantly improved the 6-Minute Walk scores 
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from 401.5 metres (SD = 70.4) at pretest to 429.6 metres (SD = 67.2) at posttest compared to 

the non-exercise programme with older adults aged 65 years and older over a 16-week period 

(Lin et al., 2015), and from 409.6 metres (SD = 51.3) at pretest to 478.1 metres (SD = 52.5) 

at posttest compared to an education programme in patients with total hip arthroplasty aged 

60-69 years old over a 12-week period (Zeng et al., 2015). Three studies (Lin et al., 2015; 

Robitaille et al., 2005; Zhuang et al., 2014) suggested that the TCRT intervention improved 

dynamic balance compared with the non-exercise group (p < 0.001). Subjects in the TCRT 

group had a significant decrease in the Timed Up and Go Test from 7.1 seconds (SD = 1.7) 

at pretest to 6.6 seconds (SD = 2.0) at posttest (Lin et al., 2015). In addition, the TCRT group 

showed a 17.6% improvement in dynamic balance, F (1, 21) = 79.3, η2 = 0.8 in older adults 

aged 60-80 years old over a 12-week period (Zhuang et al., 2014). A further three studies 

(Robitaille et al., 2005; Zeng et al., 2015; Zhuang et al., 2014) found increased functional 

mobility in the TCRT group compared with non-exercise or preoperative education groups. 

In addition, Lin et al. (2015) was able to achieve improvement in the flexibility of lower 

extremities measured by the Chair-Sit-and-Reach Test through the TCRT intervention (p < 

0.001), from 4.1 cm (SD = 7.3) at pretest to 9.1 cm (SD = 8.9) at posttest.  

In contrast, Wang et al. (2016) failed to show the same positive effects of TCRT on 

Functional Movement Screen tests. The researchers randomly assigned participants to the 

TCRT group, traditional Tai Chi group, or non-exercise group. Functional Movement Test 

measures were taken before the study and after the 6-month intervention. The results 
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indicated no significant between-group differences, whereas improvement on the Functional 

Movement Screen measures was observed for both TCRT and the traditional Tai Chi group 

after the 6-month intervention period (p < 0.001).  

Effects of TCRT on muscle strength 

Four studies (Lin et al., 2015; Robitaille et al., 2005; Su et al., 2015; Zhuang et al., 2014) 

examined lower limb muscle strength, including knee extension and flexion, ankle 

dorsiflexion and plantar flexion, and hip flexion. Two RCTs (Su et al., 2015; Zhuang et al., 

2014) assessed the effectiveness of TCRT on lower limb isokinetic muscle strength compared 

with traditional Tai Chi and non-exercise groups, and found improvement on knee extension 

and flexion as well as ankle dorsiflexion and plantar flexion at an angular velocity of 30°/s 

or 60°/s. Participants with the weakest lower limb muscle strength showed significant 

improvement after the TCRT intervention (Robitaille et al., 2005). Similarly, a cluster 

randomised trial (Lin et al., 2015) described an improvement in left hip flexion and knee 

extension in older adults aged 65 years (p < 0.001), but failed to show favourable effects on 

right hip flexion. Subjects in the TRCT group had significantly higher left hip flexion from 

28.1 pounds (SD = 7.2) at baseline to 30.4 pounds (SD = 8.7) at week 16. In addition, Lin et 

al. (2015) examined the effects of TCRT on upper limb muscle strength, and reported 

improvement in both shoulder flexion and elbow flexion between the two groups (p < 0.001). 

Importantly, increased upper body strength measured by the Arm Curl Test (from 20.3 ± 3.6 

at baseline to 22.9 ± 4.2 at week 16) (Lin et al., 2015) and lower body strength measured by 
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the 30-second Chair Stand Test (by 15.3% improvement) (Zhuang et al., 2014) were observed 

(p < 0.001). 

Effects of TCRT on lumbar spine bone mass 

Wang et al. (2015) examined the effects of TCRT versus traditional Tai Chi and a non-

exercise group on bone mass in healthy postmenopausal women. Bone mineral density 

(BMD) was measured at the L2-L4 lumbar spine region, femoral neck, and Ward’s triangle 

with dual-energy x-ray absorptiometry at baseline and at the end of the 12-month 

intervention. Participants in the intervention group attended simplified Tai Chi resistance 

training (consisting of 4 Chen-style Tai Chi actions, incorporated with resistance training in 

the last module) 4 times per week for 60 minutes. After 12 months, no significant differences 

in BMD were found between the three groups, with a non-significant trend for higher lumbar 

spine BMD in the TCRT group (p = 0.06), with 1.1 ± 0.2 g/cm2 in the TCRT group, 1.0 ± 0.2 

g/cm2 in the Tai Chi group, and 1.0 ± 0.1 g/cm2 in the non-exercise group. However, BMD 

at the lumbar spine had increased in the TCRT group compared with baseline (1.1 ± 0.2 g/cm2 

versus 1.1 ± 0.2 g/cm2; p = 0.01). 

DISCUSSION 

To maintain optimal health and prevent falls in an ageing population, it is important for older 

adults to explore a healthy and suitable exercise in their daily activities in order to improve 

physical function. The existing evidence supports the effectiveness of TCRT programmes for 
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improving mobility, balance, upper and lower extremity muscle strength, and exercise 

tolerance in adults aged 50 years and older. Previous studies suggest that Tai Chi or resistance 

training programs are meaningful interventions for older adults suffering from anxiety, 

depression, and other psychological issues (O'Connor et al., 2010; Sims et al., 2009; Song et 

al., 2014; Wang, Bannuru, et al., 2010). Resistance training can improve psychological 

wellbeing through a complex network of neurophysiological adaptations and these directly 

and indirectly effect psychological wellbeing processes (O'Connor et al., 2010). Although 

there may be an association between TCRT programs and psychological wellbeing in older 

adults, there is no study that specifically explores the effects of TCRT on psychological 

wellbeing. 

Studies found that physical activity had a positive association with health-related 

quality of life and fear of falling in older adults (Sales, Levinger, & Polman, 2017; Vasiliadis 

& Belanger, 2018). Both Tai Chi and resistance training were independently related to 

positive changes in HRQOL and fear of falling in older adults (Logghe et al., 2010; Prata & 

Scheicher, 2015; Sillanpaa, Hakkinen, Holviala, & Hakkinen, 2012; Sun & Jayasinghe, 

2014). One study also found that combining Tai Chi and resistance training and followed 

with educational programs could reduce the rate of falling and the fear of falling in 

community-dwelling older adults (Filiatrault et al., 2008). None of the reviewed studies 

examined the effects of TCRT on HRQOL or fear of falling in adults aged 55 years and older. 
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Overall, there is good evidence that TCRT is effective for balance and mobility in 

adults aged 50 years and older. Studies found that Tai Chi or resistance training programs 

were effective evidence-based approaches to improving balance and mobility in older adults 

(Eckardt, 2016; Hackney & Wolf, 2014; Ory et al., 2014; Prata & Scheicher, 2015). 

Therefore, our findings are consistent with previous studies suggesting that TCRT is 

beneficial for increasing balance and mobility in older adults. There is also strong evidence 

that TCRT is beneficial for enhancing lower extremity muscle strength. For instance, 

weighted Tai Chi (wearing a weighted vest) (Su et al., 2015) and TCRT (targeting the lower 

extremities and postural muscles) (Zhuang et al., 2014) can significantly improve lower 

extremity muscle strength compared with traditional Tai Chi and non-exercise. The greater 

increase in lower body strength is more likely due to the characteristic of Tai Chi movement 

and resistance training. Tai Chi consists of a series of slow movements involving turning, 

moving forward, shifting weight, and bending (Klein, Picard, Baumgarden, & Schneider, 

2017). Resistance training has an impact on increasing metabolite, which influences cell 

swelling and muscle adaptation (de Freitas, Gerosa-Neto, Zanchi, Lira, & Rossi, 2017). 

Previous studies have found that resistance training increased upper extremity muscle 

strength (de Franca et al., 2015; Turbanski & Schmidtbleicher, 2010). This systematic review 

provides further evidence that TCRT can greatly improve upper extremity muscle strength 

compared to non-exercise in community-dwelling older adults (Lin et al., 2015). However, 

it is important for future studies to evaluate whether the TCRT programme can have greater 

effects on upper extremity muscle strength compared with Tai Chi exercise only. 
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The TCRT programme failed to significantly improve the Functional Movement 

Screen scores compared with either the Tai Chi or non-exercise group (Wang et al., 2016). 

The Functional Movement Screen has been validated as a form of functional movement 

measurement in young and active populations (Minick et al., 2010; Teyhen et al., 2012). 

However, one study (Mitchell, Johnson, Vehrs, Feland, & Hilton, 2016) indicated that 

feasibility of the Functional Movement Screen declines with increased age and decreased 

activity. As a result, the Functional Movement Screen might not be the most appropriate 

measurement tool to assess physical function in older adults. An alternative physical function 

measurement might be considered for older populations in future studies.  

There were a number of research design concerns raised by the seven included 

studies. For example, six studies were open to results bias due to the lack of an ITT analysis, 

which can result in the generation of false positive results (Gupta, 2011). One study applied 

an ITT analysis and found non-significant intergroup differences in the Functional 

Movement Screen tests (Wang et al., 2016). All seven studies were open to selection bias 

due to non-blinding of participants. In addition, the TCRT dose (i.e., frequency, duration, 

and intensity) varied greatly among six studies, which is likely to pose different effects on 

the reported study outcomes. One study did not indicate the specific training sessions’ 

frequency and duration (Robitaille et al., 2005). Moreover, participants’ adherence to the 

exercise is an important factor for achieving effects, and is associated to the intervention 

protocols (e.g., session time and session location) and personal factors (e.g., health status, 



63 

 

family support, and psychological factor) (Picorelli, Pereira, Pereira, Felicio, & Sherrington, 

2014). However, only one of the included studies reported study adherence. A better 

understanding of adherence to the TCRT interventions may inform future interventions and 

facilitate the implementation of exercise interventions in older adults.  

In terms of the safety of Tai Chi and resistance training, none of the studies reviewed 

reported any adverse event. It appears that Tai Chi is safe for older adults based on a previous 

review of a Tai Chi intervention (Wang, Shan, Li, Yang, & Shan, 2017). However, resistance 

training carries a risk of muscle injury, in particular in older adults with a certain degree of 

muscle weakness (Sousa, Mendes, Monteiro, & Abrantes, 2014). Two possible reasons for 

the lack of observed adverse events include the following: (1) safe levels of resistance – 

resistance levels of the Thera-bands were chosen according to participants’ ratings of 

perceived exertion at a level between 12-14 (slightly difficult) (Lin et al., 2015). (Zhuang et 

al. (2014) used participants’ body weight as mechanical stress and required no specific 

equipment to perform); and (2) preparation – warm up and cool down routines were practised 

before and after TCRT.  

In terms of the study country, Mainland China, Taiwan, and Canada were represented 

in the reported studies. Although, studies have been conducted to explore the individual 

benefits of Tai Chi or resistance training in older adults in Australia (Saravanakumar, 

Johanna Higgins, Jane van der Riet, Marquez, & Sibbritt, 2015), Germany (Burschka, Keune, 
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Oy, Oschmann, & Kuhn, 2014), and Japan (Hirase, Inokuchi, Matsusaka, Nakahara, & Okita, 

2016). None of these existing studies has considered combined TCRT in older adults.  

This paper is the first study to systematically review the effect of combined Tai Chi 

and resistance training on health outcomes for adults aged 50 years and older. There are, 

however, some limitations. Trials reported in languages other than English were not included. 

Nonetheless, we searched all major international scientific databases to maximise our 

coverage of English written papers.  

CONCLUSIONS  

Positive results were obtained in this systematic review, and the evidence for the effect of 

TCRT on physical function and muscle strength of adults aged 50 years and older has been 

highlighted. However, due to the small number of trials, further research is needed to confirm 

these findings. The benefits of a TCRT programme on psychological outcomes (e.g., stress, 

depression), HRQOL, pain, and age-related impairment should be examined in the same 

demographic. Future studies with high quality designs (i.e., randomised assignment, 

appropriately designed TCRT programme, participant blinding, assessor blinding, and 

therapist blinding) should be applied to investigate the long-term effects of TCRT on both 

psychological wellbeing and physical function in adults aged 50 years and older. 



65 

 

2.9 Summary of the chapter  

The effectiveness of Tai Chi among older people has been examined in a large number of 

studies, with a particular focus on the decline in psychological wellbeing and physical fitness. 

Tai Chi appears to be a promising activity for older adults and positively influences 

psychological wellbeing, including stress, depression, anxiety, and pain, and functional 

fitness (Chi, Jordan-Marsh, Guo, Xie, & Bai, 2013; Frye, Scheinthal, Kemarskaya, & 

Pruchno, 2007; Liu et al., 2015; Tsai et al., 2003). However, there has been little literature 

on using Tai Chi within the work environment, with no study investigating the benefits of 

Tai Chi on health promotion among older office workers. The majority of studies have 

explored the benefits of Tai Chi for community-based or healthy older adults, but not for 

sedentary older office workers.  

In addition, the health promotion of older adults should take into consideration both 

physical fitness and psychological wellbeing. Resistance training might be appropriate for 

improving physical fitness and for reducing negative psychological outcomes in older adults. 

However, limited studies have explored the relationship between resistance training and 

health promotion in older office workers, especially those with sedentary behaviour. 

Furthermore, there are various resistance training methods, and there is the need to identify 

suitable resistance training for older sedentary office workers. As a result, the specific type 

of resistance training, the duration, and the frequency need to be considered thoroughly. 

Similarly, these factors should also be considered in the choice of Tai Chi exercise. 

To date, only seven studies have examined the effect of Tai Chi combined with 

resistance training programmes for functional fitness in older adults aged 50 years and older, 
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and none have examined Tai Chi plus resistance training for both physical fitness and 

psychological wellbeing, especially in relation to older office workers maintaining sedentary 

behaviour in an office. As a result of an ageing working population, alongside a high level 

of stressors in the work place and workers susceptibility to psychological illness, there is a 

need for further research to investigate the association between Tai Chi plus resistance 

training exercise on both physical fitness and psychological wellbeing in sedentary office 

workers.  

Although studies have indicated that older office workers suffer from high levels of 

stress, depression, and anxiety, as well as from pain, and they experience insufficient physical 

activity because of workload and work environment, no study has investigated the levels of 

physical activity and psychological outcomes in older sedentary office workers. This study, 

therefore, attempts to address this issue through an online survey to explore physical activity 

participation and psychological wellbeing in older sedentary office workers. The results of 

the survey aim to provide support for the exploration of the effects of a Tai Chi combined 

with resistance training programme on both physical fitness and psychological wellbeing in 

older sedentary office workers. The following chapter, Chapter 3, provides a description and 

discussion of the conceptual framework used in this study. 
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Chapter 3 Conceptual Framework 

Tai Chi is a popular form of physical activity for improving psychological wellbeing and 

physical fitness, and for reducing pain in older adults (Lee et al., 2015; Wang et al., 2014). 

Resistance training has also been found to be effective in improving muscle strength, balance, 

and other health outcomes (O'Connor et al., 2010; Radaelli et al., 2014). As indicated in 

Chapter 2, to date, researchers have used randomised controlled trial designs to test the 

effectiveness of Tai Chi or resistance training in improving physical fitness and 

psychological wellbeing and reducing the experience of pain as well as in older adults in the 

workplace. In addition, Tai Chi in combination with resistance training has also been tested 

in older adults for improving physical fitness compared to Tai Chi exercise or routine activity. 

Given the existing body of evidence of Tai Chi and resistance training benefits, and 

particularly, our interest in examining the benefits of resistance training in addition to Tai 

Chi on physical fitness as well as psychological wellbeing and pain that has not been 

previously examined, a comparison to a resistance training only or a non-active control group 

was therefore not warranted for the pilot RCT study. Therefore, the current study investigates 

the effectiveness of Tai Chi combined with resistance training (intervention) compared with 

Tai Chi exercise only (active control) for physical fitness, psychological wellbeing, and pain 

in older sedentary office workers.  

This chapter explains the potential mechanisms by which Tai Chi combined with 

resistance training might influence muscle strength, balance, and walking endurance, as well 

as stress, depression, anxiety, and pain. The effects of the 24-step simplified Tai Chi exercise 

are presented in the first section of this chapter, followed by the effects of resistance training, 

and finally the proposed effects of the combination of Tai Chi and resistance training.  
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3.1 Potential mechanisms of Tai Chi 

Tai Chi is a multi-component mind-body exercise that is growing in popularity in Western 

countries (Hu, Zhang, & Wu, 2017). It has benefits for physical and psychological health and 

pain relief, as indicated in the literature review chapter. Tai Chi involves a variety of styles, 

including Chen, Yang, Hao, Wu, and Sun (see Chapter 2, Table 2.1). Among these styles, 

the 24-step simplified Tai Chi exercise, also named Yang style Tai Chi, has received broad 

acclaim both inside and outside China (Liang, 2015). This style has been practised throughout 

China because it is easier and simpler to learn by participants new to Tai Chi compared to 

other styles. It has also been used in a large number of studies and has been demonstrated to 

be beneficial for older adults’ health promotion, particularly for improving balance and 

reducing falls (Dogra et al., 2015; Lee et al., 2015; Schleicher et al., 2012).  

Tai Chi emphasises bending and slow movements which can assist a person to attain 

improved physical function and stronger joints (Chang, Chen, Lee, Lin, & Lai, 2016). The 

first 10 movements of the 24-step simplified Tai Chi were selected as they are easy-to-learn 

and easy-to-perform. The first 10 movements consist of a series of slow movements 

involving turning, moving forward, shifting weight, and bending, which can help to improve 

muscle strength, balance, and walking endurance (Klein et al., 2017). The remaining 

movements of the 24-step simplified Tai Chi are physically difficult to perform for older 

adults, for example, the Heel Kick or Standing on One Leg. Stronger joints can reduce a 

person’s pain levels due to an increase in strength and flexibility of the muscles and 

connective tissue surrounding the joints (O'connell, Farrokhi, & Fitzgerald, 2016). Other 

characteristics of Tai Chi, including mind concentration and breathing control, can improve 

psychological wellbeing, and have a potential role as an alternative therapy in neurological 
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and cardiopulmonary diseases (Lan, Chen, Lai, & Wong, 2013). The following section details 

the mechanisms of Tai Chi on the body and mind based on the two tenets of Tai Chi (mind 

concentration and breathing control) by the study (Chen et al., 2002) and other characteristics 

(movement coordination and motor fitness) as described in the study conducted by Chang et 

al. (2014). A conceptual model of the mechanisms and their effects is presented in Figure 3.1 

and is discussed in Sections 3.1.1 and 3.1.2. 

 

Figure 3.1: Conceptual model of the expected mechanism of Tai Chi 
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3.1.1 Physiological mechanisms  

Tai Chi involves complex and low intensity movements, and conscious control, which can 

lead to overall improved movement coordination. There is much forward and backward 

shifting of body position during Tai Chi practice, and coordination and balance are 

challenged, which could lead to improvements in postural control. Different coordinated 

movements correspond with different neural networks that are engaged during balance 

control (Sussillo, Churchland, Kaufman, & Shenoy, 2015). Coordination requires firing the 

appropriate muscle fibres at the right time for a given physical task, which means that 

coordination is the ability to control movements in a refined manner resulting in a well-timed 

motor output. Stability and balance are two aspects of coordination and are a focus of Tai 

Chi practice. Muscle strength and endurance can also not be expressed to their full potential 

without coordination. Thus, optimising coordination during Tai Chi practice has the potential 

to improve physical function.  

Enhancement of motor fitness through Tai Chi has been found to improve muscle 

strength, leg flexibility, and functional test performance compared with resistance training 

(Tsang, 2013). To perform Tai Chi appropriately, an individual maintains a semi-squat 

position through the set of forms. Squatting is a versatile tool for improving strength, 

mobility, and flexibility, and the bodyweight squat is a fairly simple movement for most older 

people. Tai Chi, similar to a bodyweight squat, combines highly functional movements that 

work on all the major muscles of the legs. One study of adults aged 70 years and older found 

that resistance training including squats, tabletop push-ups, and sit-ups using body weight as 

a load can increase participants’ muscle strength (Tsuzuku, Kajioka, Sakakibara, & 

Shimaoka, 2018). Another study conducted by Usui, Maeo, Tayashiki, Nakatani, and 
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Kanehisa (2016) demonstrated that low-load slow movement squat training can increase 

muscle size and strength of healthy males. Based on these studies, Tai Chi can be seen to 

effectively improve muscle strength and balance.  

To understand the mechanisms of Tai Chi exercise for pain relief, it will be helpful 

to first understand the cause of pain. There are numerous causes and mechanisms, and these 

are highly individual. For example, muscle damage is one of the factors that contributes to 

the physical manifestation of pain (Rhoads, 2013). Common pain regions include joint, back 

pain, knee, and neck. For example, office workers who adopt a sitting position for lengthy 

periods of time may experience neck or back pain. Tai Chi is low-impact, so the knees, 

ankles, and other joints do not become overly stressed. Tai Chi movements could exercise 

most of the muscles and joints throughout the body and can improve flexibility and ability to 

move, which means that Tai Chi helps to maintain normal joint function by increasing and 

preserving joint mobility and flexibility. Additionally, Tai Chi also improves muscular 

strength, which helps to keep joints stable, thereby protecting the joints. Practising Tai Chi 

could minimise the likelihood of injury and reduces pain. Thus, Tai Chi practice can help to 

improve flexibility and muscular strength, which can improve pain relief. 

3.1.2 Psychological mechanisms  

Tai Chi emphasises mind concentration during practice, and can be treated as an alternative 

meditative movement (Baker, 2017). Tai Chi participants are required to cultivate heightened 

perception through an experience of tranquillity, awareness, and relaxation, as well as the 

oneness of nature and humanity (Chang et al., 2014). Mind concentration leads to a decrease 

in perceived stress, depression, and anxiety, along with increases in control, self-efficacy, 
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and emotion regulation (Yoo et al., 2016). Bower and Irwin (2016) suggested that the 

potential reason for the changes in these domains might be the associated mindfulness-based 

stress reduction effects on telomerase activity. Telomeres are the caps at the end of each 

strand of DNA that protect the chromosomes, similar to the plastic tips at the end of 

shoelaces. Telomeres are longest when people are young and naturally shorten with ageing 

(Shammas, 2011). Shorter telomeres are associated with stress and higher risks for many 

diseases, including cancer (Law, Girgis, Sylvie, Levesque, & Pickett, 2016). Telomerase 

activity has been reported to be negatively associated with major depression disorders (Deng, 

Cheung, Tsao, Wang, & Tiwari, 2016). People who have experienced meditation have 

significantly higher telomerase activity than those without meditation experience. Tai Chi 

may result in increased telomerase activity (Duan et al., 2016; Schutte & Malouff, 2014), 

which could then improve psychological health. Bower and Irwin (2016) also confirm the 

relationship of mind concentration and neural changes in the effects on psychological 

wellbeing. People may focus their mind on the Tai Chi movements during practice. Building 

concentration could strengthen the neural connections, which helps people to build a map of 

their mind and develop control over negative thoughts. As a result, mind concentration is an 

important characteristic of Tai Chi that can improve psychological wellbeing.  

Breathing control has been used in practices such as yoga and Tai Chi. Although 

breathing is also managed in the unconscious mind, people can control breath speed and hold 

their breath for a moment during movements, which is also known as controlled breathing. 

When people feel stressed, the breathing rate and pattern changes as part of the “fight or 

flight” response (Michalopoulou, Tzamalouka, Chrousos, & Darviri, 2015). In general, an 

anxious person takes small and shallow breaths, which may disrupt the balance of gases in 
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the body. Shallow over-breathing can prolong feelings of anxiety by making the physical 

symptoms of stress worse. Controlled breathing could help to improve some of these 

symptoms (Ma et al., 2017). Additionally, controlling breathing could prevent people’s 

brains from reaching a state of stress, and even prevent subsequent damage caused by high 

stress levels (DiSalvo, 2013). Breathing control during relaxation training has been found to 

be effective in reducing anxiety and depression in older adults (Klainin-Yobas, Oo, Suzanne 

Yew, & Lau, 2015). In addition, breathing control has been shown to be an effective method 

for managing panic and anxiety among people with asthma (Laurino et al., 2012). As a result, 

breathing control is an essential component of Tai Chi that might lead to benefits in 

psychological wellbeing. 

3.2 Potential mechanisms of resistance training  

Ageing is associated with a progressive decline in muscle mass and strengths. Resistance 

training is recommended as a suitable exercise for older adults to perform on two or more 

non-consecutive days each week. Light and moderate intensity resistance training is 

recommended for adults aged 55 years and older (Nelson et al., 2007). Resistance training 

using Thera-bands has been popular for strengthening muscles and improving balance 

because Thera-bands are simple, economical, and safe to use (Yu et al., 2013). As indicated 

in Chapter 2 (see Table 2.2), Thera-bands come in different colours indicating different 

intensity levels, and as a result, the appropriate intensity can be chosen on an individual basis. 

Because of these advantages, the current study used Thera-bands to provide additional 

resistance during Tai Chi exercise.   
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Potential factors for physical fitness and psychological wellbeing have been 

examined in previous studies of resistance training (Conlon et al., 2017; Jurakic, Krizanic, 

Sarabon, & Markovic, 2017; Schoenfeld, Ogborn, & Krieger, 2015; Scott, Slattery, & 

Dascombe, 2015). For example, studies found that resistance training can improve muscle 

growth, muscle strength, and balance (Jurakic et al., 2017; Schoenfeld, Ogborn, et al., 2015). 

Apart from the physical factors (e.g., muscle hypertrophy), resistance training serves as a 

form of distraction where participants focus on the exercise rather than on their stressed 

situation. During resistance training, participants may also feel an energy release (Scott et 

al., 2015), which can indirectly improve psychological outcomes. The following section 

outlines the mechanisms of resistance training in terms of the placebo effects and central 

nervous system adaptations (O'Connor et al., 2010) and other physiological adaptations such 

as, neural changes and muscle hypertrophy (Conlon et al., 2017; Schoenfeld, 2010). A 

conceptual model of the mechanisms and their effects is presented in Figure 3.2 and is 

discussed in sections 3.2.1 and 3.2.2. 
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Figure 3.2: Conceptual model of the expected mechanism of resistance training 

3.2.1 Physiological mechanisms 

Resistance training is an adaptive process, with the body adapting to the stress of the added 

mechanical load, and resulting in positive physiological adaptations (Schoenfeld, Ratamess, 

Peterson, Contreras, & Tiryaki-Sonmez, 2015). Two possible mechanisms of resistance 

training that might improve physical fitness include neural adaptations and muscle 

hypertrophy. Paavolainen, Nummela, and Rusko (2000) have proposed that strength training 

has the potential to improve performance in endurance through the neural adaptations. 

Muscle strength might increase due to significant neural adaptations during resistance 

training. The neural adaptations that older adults experience in response to resistance training 

include improved coordination of muscle activation, decreased antagonist coactivator, and 
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increased neural drive to the primary agonist, resulting in a greater motor unit firing rate and 

motor unit recruitment (Barry & Carson, 2004). Such neural factors tend to explain changes 

in muscular strength and power after resistance training. Older adults could exhibit strength 

gains following resistance training. However, the neural factors from resistance training 

could increase muscle strength within the short-term (i.e., within the first few weeks), but not 

cause an increase in muscle mass.  

Muscle hypertrophy may explain changes in muscle strength when training is 

sustained for longer periods and involves sufficiently high loads. Resistance training can 

result in increased functional strength because of an increase in muscle mass. A study by 

Schoenfeld (2010) stated that resistance training can cause muscle growth and increase 

muscle mass, and the mechanisms for these include mechanical tension, muscle damage, and 

metabolic stress during resistance training. Different intensities of resistance training also 

contributes to different muscular adaptations, with heavy loading leading to muscle 

hypertrophy (Schoenfeld, Wilson, Lowery, & Krieger, 2016). In addition, heavy intensity 

resistance training is more likely to be associated with endurance improvement compared 

with lighter intensity training (Parmenter et al., 2013). Studies have also found that resistance 

training may be effective on balance due to its impact on lower limb strength (Cho, Bok, 

Kim, & Hwang, 2012). This means that the improvement of muscle strength might play an 

important role in balance. Thus, muscle hypertrophy might be a potential mechanism for 

improving physical fitness. In the current study, the levels of resistance training intensity 

were light to moderate. It could, therefore, be anticipated that improvements in muscle 

strength from Tai Chi and resistance training would be primarily the result of neural 

adaptations. 
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Studies have found that resistance training has the potential to reduce pain levels, for 

example, lower back pain (Steele et al., 2015) and osteoarthritis (Runhaar, Luijsterburg, 

Dekker, & Bierma-Zeinstra, 2015). The potential of resistance training for pain relief has 

also been indicated by these studies. Runhaar et al. (2015) identified possible mediators in 

the relationship between physical activity and pain relief in patients with osteoarthritis. This 

study found that resistance training is the most common form of physical activity in patients 

with osteoarthritis. As with Tai Chi exercise, Runhaar et al. (2015) found that the major two 

possible mediators for pain relief included muscle strength and the range of motion/flexibility 

of the knee. Resistance training could also normalise muscle firing patterns and joint 

biomechanics leading to reduced knee osteoarthritis (Vincent & Vincent, 2012). Resistance 

training has also been used as a preventative treatment of lower back pain (Chang, Lin, & 

Lai, 2015). One potential cause of lower back pain is the weakening of motor control of 

relevant muscles, for example, the lumbar multifidus. Rainville et al. (2004) indicated that 

the first and most obvious goal of exercise is to improve or eliminate impairments in back 

flexibility and strength and, therefore, lead to reduced lower back pain. Thus, the muscular 

strength and flexibility improvement after resistance training could also lead to pain relief.  

3.2.2 Psychological mechanisms 

The mechanisms of resistance training for psychological wellbeing improvement are less 

clear. The limited studies describing the influence of resistance training on psychological 

wellbeing indicate that the potential mechanisms might relate to a placebo effect and central 

nervous system adaptation. Resistance training, like any type of exercise, can be effective for 

improved psychological wellbeing because of the psychological processes such as 

expectations for improved psychological states (placebo effect) that can be present with 
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strength training (O'Connor et al., 2010). Although exercise improves psychological 

functioning due to the psychological effect of increasing the heart rate or central nervous 

system adaptations, people may experience more powerful psychological benefits if they 

believe exercise makes them better. Lindheimer, O’Connor, and Dishman (2015) confirmed 

that the placebo effects of exercise training led to some or all of the psychological benefits.  

Resistance training at a low to moderate intensity produces the most reliable and 

robust decrease in psychological issues, particularly anxiety. Numerous studies have 

demonstrated the neurobiological effects of aerobic exercise, with only limited numbers of 

studies describing the influence of resistance training on central nervous system activity 

(Strickland & Smith, 2014). Strickland and Smith (2014) also indicated that the influence of 

resistance training on central nervous system activity is different from that of aerobic 

exercise. However, anxiety and depression are types of disorders of the brain. As regards 

disorders of the brain, resistance training has been reported to lead to improved brain function 

in adults with mild cognitive impairment (Print, 2016). Moreover, resistance training may 

help the nervous system learn how to better coordinate the activation of relevant muscles, 

which means that resistance training could enhance people’s brain-body coordination. Hence, 

resistance training could improve psychological health due to central nervous system 

adaptations that control or influence psychological health. 

3.3 Applying Tai Chi combined with resistance training in this study 

This study examines the application of Tai Chi exercise combined with resistance training as 

a novel intervention for improving physical fitness and psychological wellbeing and for 

reducing pain in older sedentary office workers. One previous study (Lin et al., 2015) has 
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examined the effect of Tai Chi in combination with resistance training on the physical 

function of adults aged 65 years and older. The study found that, compared with the non-

exercise control group, twice weekly Tai Chi in combination with resistance training can 

significantly improve participants’ muscle strength after a 16-week exercise period. The 

literature reviewed in Chapter 2 has also highlighted the significant benefits of Tai Chi on 

physical fitness, psychological wellbeing, and pain relief compared with a non-active group. 

Therefore, an additional non-active control group is not warranted. As a result, the current 

study compares the effectiveness of Tai Chi combined with resistance training with Tai Chi 

exercise only as a control group. Because Tai Chi combined with resistance training is the 

treatment used in this study, the conceptual framework presents both Tai Chi exercise and 

resistance training and is based on the mechanisms previously outlined (see Figure 3.3). 

In summary, Tai Chi with both psychological and physiological mechanisms may 

involve four characteristics: mind concentration, breathing control, motor fitness, and 

movement coordination. Mind concentration and breathing control can improve 

psychological wellbeing (stress, depression, and anxiety). Movement coordination and motor 

fitness aspects of Tai Chi may lead to improved physical functioning via increasing muscle 

strength, balance, and even increasing joint mobility, which contributes to the reduction of 

pain. Resistance training enhances physical fitness via neural adaptations and muscle 

hypertrophy, which can have a direct effect on muscle strength, balance, walking endurance, 

and pain relief. In addition, its psychological mechanisms, as previously indicated, may 

improve psychological wellbeing. Through these mechanisms, the combined effect of Tai 

Chi and resistance training might better facilitate improvements in physical fitness and 

psychological wellbeing compared to Tai Chi exercise alone.  
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Figure 3.3: Conceptual model of the effect of Tai Chi combined with resistance training on 

physical fitness, psychological wellbeing, and pain
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Chapter 4 Phase One – Online Survey 

The first part of this chapter describes and justifies the use of an online survey to investigate 

the physical activity participation of older office workers, together with their psychological 

wellbeing status (i.e., stress, depression, and anxiety), and pain. The study design, setting and 

participants, recruitment, and data collection are presented. Data analysis and ethical 

considerations are also discussed. The second part of this chapter outlines results from the 

online survey, including the physical activity participation, levels of stress, depression, 

anxiety, and pain, as well as the associations between these outcomes in older office workers.  

4.1 Methodology 

4.1.1 Study design  

Phase one is an exploratory online survey that investigated physical activity participation, 

psychological wellbeing, and pain in office workers aged 55 years and older. The aims of the 

online survey were to: 1) provide evidence on and an insight into the levels of stress, 

depression, anxiety, pain, and physical activity of office workers; and 2) assess the feasibility 

of recruiting sufficient participants who maintained a sedentary lifestyle in phase two. The 

Griffith University Online Research Survey (i.e., LimeSurvey) was used to collect the data. 

There are many advantages in using an online survey design and these are outlined in the 

following section. 

4.1.2 Justification of online survey design  

The internet has led to an online survey being an efficient alternative to a paper survey 

(Eysenbach & Wyatt, 2002). Furthermore, the use of online surveys has been positively 
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evaluated (Lefever, Dal, & Matthiasdottir, 2007; Szolnoki & Hoffmann, 2013). For example, 

Lefever et al. (2007) noted that online surveys can access large and geographically distributed 

populations and achieve a quicker return than paper-and-pencil surveys. Studies also 

demonstrated that data collected through online surveys costs less compared to mail, face-to-

face and telephone survey methods (Ebert, Huibers, Christensen, & Christensen, 2018; 

Szolnoki & Hoffmann, 2013). As online survey data are stored electronically, analysis, thus, 

becomes easier and is readily available immediately to researchers (CVENT, 2016). It is a 

more reliable method than focus groups, with access to a bigger sample, easier data 

collection, and more candid responses (SurveyMethods, 2011). It also costs less and is more 

flexible than individual interviews (Tyreman, 2017). In addition, an online survey may have 

a higher response rate for sensitive questions compared with face-to-face interviews 

(Newman et al., 2002) due to the likelihood of participants providing accurate and valid data 

on sensitive issues. LimeSurvey is a sophisticated online survey software with its major 

strengths being that online questions are easier to review by respondents, it is more cost 

effective and flexible than individual interviews (Tyreman, 2017), and it provides structured 

and organised survey results for data analysis (Engard, 2009). 

4.1.3 Setting and participants 

The phase one online survey was conducted in a university setting. Participants recruited 

were university office workers (i.e., administrative or academic staff) aged 55 years and 

older. Participants were recruited from Griffith University which is located in South East 

Queensland, Australia. Griffith University has five campuses, situated at the Gold Coast, 

Nathan, Mount Gravatt, Logan, and South Bank (see Figure 4.1). Griffith University employs 

2,050 administration and academic staff aged 55 years and older (Griffith University 
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Statistics in Brief, 2016). Of the 2,050 staff members, 51.4% work at either the Nathan or 

Mount Gravatt campuses. The Gold Coast campus has the second highest number of staff 

aged 55 years and older at 35.1% and is located approximately 70 minutes from Nathan 

campus via an inter-campus bus which runs five times per day during weekdays. A total of 

12.2% of older staff work at Logan and South Bank campuses but an inter-campus bus 

service is not available. The remaining 1.3% of the university staff work at neither of these 

five campuses, and include, for example, Griffith international staff working overseas.  

 

Figure 4.1: Location of Griffith University’s five campuses  

(Source: https://www2.griffith.edu.au/about-griffith/campuses-and-facilities) 

https://www2.griffith.edu.au/about-griffith/campuses-and-facilities
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4.1.4 Participant recruitment 

After gaining ethics approval from the Griffith University Human Research Ethics 

Committee, an application to distribute the online survey at Griffith University was submitted 

to the Griffith University Survey Centre. Following distribution approval, emails seeking 

participants were sent to all Griffith University staff twice, in June and July 2016, from the 

Griffith University Deputy Vice Chancellor (Administration) as part of his regular email 

correspondence to staff and students about research participation. The email specified that 

the online survey was open to individuals aged 55 years and older. It contained a web-link 

directing respondents to the online survey. The specific details can be found in Appendix A. 

All office workers who met the age inclusion criteria and were interested in joining the study 

were asked to access the web-link and complete the survey.  

To enable staff to be well informed about the survey and, therefore, increase the 

potential to recruit more participants for this study, flyers (see Appendix B) were posted 

around the three main campuses of Griffith University (i.e., Nathan, Mount Gravatt, and Gold 

Coast), in cafes and on numerous noticeboards. The flyer outlined the purpose of the study, 

participants’ inclusion and exclusion criteria, a web-link, and contact information. The 

researcher (MQ) checked each campus once per week for three weeks to ensure that the flyers 

were still visible. New flyers were posted if flyers were missing or had been destroyed by 

wind or rain.  

In addition, individual invitations were used to attract a greater number of potential 

participants. The researcher (MQ) distributed in person a smaller sized version of the flyer to 

Griffith University staff members who visually looked to be aged 55 years and older between 
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7 am and 8 am at the entry and exit points of car parks or cafes, one day per week at each 

campus (i.e., Nathan, Mount Gravatt, and Gold Coast). Due to the small numbers of staff 

members aged 55 years and older and the lack of inter-campus transport, recruitment by 

flyers and individual invitation was not undertaken at South Bank and Logan campuses. 

4.1.5 Survey design 

The initial survey was drafted by the researcher (MQ) based on a review of the current 

literature on physical activity participation and psychological wellbeing scales. The draft 

survey was then reviewed and revised by the research team (i.e., the researcher and her three 

supervisors) where any disagreements were resolved by discussion and consensus. The 

survey (see Appendix C) included demographic questions and the International Physical 

Activity Questionnaire, Perceived Stress Scale, Centre for Epidemiological Studies 

Depression Scale, Geriatric Anxiety Inventory, Visual Analogue Scale, and questions 

seeking participants’ perceptions of Tai Chi exercise. 

The online survey was pilot tested and evaluated by three volunteers with a similar 

background to the intended potential respondents. Feedback received from the volunteers 

was incorporated into the final version of the survey. The three volunteers had no difficulty 

in reading and interpreting the survey questions, with only a few minor errors in the wording 

identified in the demographic details. Two response options were included under “marital 

status” in the demographic details. In addition to ‘single’, ‘married’, ‘divorced’, and 

‘widowed’, the following two items were added: ‘separated’ and ‘prefer not to say’. All 

questions were set as mandatory in LimeSurvey to ensure that participants answered all 
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questions included in the survey. The online survey took approximately 15 minutes to 

complete. Details of the different elements of the survey are discussed below. 

Demographic information 

Information on participants’ age, gender, education level, employment, and marital status 

was collected. 

International Physical Activity Questionnaire Short Form  

The International Physical Activity Questionnaire Short Form (IPAQ-SF) (Craig et al., 2003) 

was used to assess participants’ physical activity participation. There were two types of IPAQ 

scores for data processing and analysis: categorical score and continuous score. The 

continuous score was expressed as the metabolic equivalent task (MET-minutes per week) 

of energy expenditure. Additionally, the categorical score classified participants into three 

levels of physical activity based on the criteria: low physical activity level (lower than 600 

MET-minutes/week); moderate physical activity level (a minimum total physical activity of 

at least 600 MET-minutes/week); and high physical activity level (a minimum total physical 

activity of at least 3000 MET-minutes/week). Participants’ sitting time (hours per day) was 

also recorded on the IPAQ-SF. Reliability for the IPAQ-SF was previously tested among 

older adults (ICC = 0.80) (Tran, Lee, Au, Nguyen, & Hoang, 2013). 

Perceived Stress Scale 

The 10-item Perceived Stress Scale (PSS-10) (Cohen, Kamarck, & Mermelstein, 1983) was 

used to assess stress symptoms. The PSS-10 is a self-report questionnaire, containing ten 

questions with a score ranging from 0 to 4 to assess participants’ feelings and thoughts during 
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the last month. Six of the items (i.e., items 1, 2, 3, 6, 9 and 10) are negative and the remaining 

four are positive (items 4, 5, 7, and 8). Participants chose how often they felt or thought in a 

certain way: 0 = never, 1 = almost never, 2 = sometimes, 3 = fairly often, 4 = very often. The 

total score was obtained by reversing the scores on the four positive items (i.e., items 0 = 4, 

1 = 3, 2 = 2, 3 = 1, and 4 = 0) followed by the summing of all 10 items. Higher scores indicate 

higher perceived stress. Specifically, a score of 13 or less is considered to reflect low stress, 

with moderate stress scores ranging from 14 to 26, and high perceived stress scores ranging 

from 27 to 40. PSS-10 has established reliability and validity for people aged 17 to 60 years 

(Cronbach’ α = 0.89) (Roberti, 2006).  

Centre for Epidemiological Studies Depression Scale 

The 10-item version of the Centre for Epidemiological Studies Depression Scale (CES-D10) 

(Radloff, 1977) was used to assess depressive symptoms. The CES-D10 consists of 10 items 

that investigate the frequency of participants’ feelings or behaviours during the last seven 

days. Participants chose from the following options: 0 = rarely or none of the time (less than 

1 day), 1 = some or a little of the time (1-2 days), 2 = occasionally or a moderate amount of 

the time (3-4 days), and 3 = most or all the time (5-7 days). The total score was obtained by 

summing all 10 items. A score of 10 or greater is considered indicative of depression. Higher 

scores also indicate the presence of more depressive symptomatology. The CES-D 10 items 

had good internal consistency in older adults (Cronbach’ α = 0.92) (Irwin, Artin, & Oxman, 

1999). 
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Geriatric Anxiety Inventory 

The Geriatric Anxiety Inventory (GAI) (Pachana et al., 2007) was used to assess anxiety 

symptoms. The scale consists of 20 items whereby participants were asked to choose whether 

they “agree” or “disagree” based on their feelings over the past seven days. Pachana et al. 

(2007) reported that the GAI demonstrated high reliability and validity among older people 

aged from 60 to 90 years (α = 0.91), and in a clinical sample with a mean age of 78.8 years 

(Cronbach’ α = 0.93). A person with a score of nine or greater is considered anxious. Higher 

scores also indicate greater anxiety. 

Visual Analogue Scale  

The Visual Analogue Scale (VAS) (Crichton, 2001) was used to assess pain level. The VAS 

is a 100-millimetre horizontal line with a score range from 0 to 10, with a higher score 

indicating increased feelings of pain. Participants were asked to mark their current pain level 

on the 100-millimetre horizontal line. The VAS, when previously used in older adults 

(average age 58.5 years), demonstrated high reliability and concurrent validity (r > 0.8, p < 

0.01) (Phan et al., 2012). Prior to this question, participants were asked to identify the pain 

areas they experienced during the last seven days. They were encouraged to also write down 

any areas in which they experienced pain that were not included in the prepared 

questionnaire. 

Participants’ perceptions of Tai Chi 

Five questions about Tai Chi were included in the online survey to assess participants’ 

perceptions, experiences, and understanding of Tai Chi. Participants were also asked to 
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provide their contact details (i.e., email address or mobile number) if they wished to 

participate in the follow-up Tai Chi and Thera-band training intervention.  

4.1.6 Data collection and feasibility 

Data collection took place from 25th June 2016 to 30th August 2016. Data collection was 

anticipated to be finished within 30 days. Due to a response rate below the expected response 

rate after 30 days, the data collection period was extended for another 30 days. There were 

several participant recruitment limitations. Firstly, the recruitment email sent to Griffith 

University staff members included many other research studies seeking volunteers where the 

call for volunteers may have been missed by potential participants. Secondly, most of the 

completed surveys received were found to have been submitted within three days after the 

recruitment email was sent. The email was not frequent enough for the research timeline as 

it was only sent to Griffith University staff once a month. Thirdly, individual invitations at 

the entry and exit points of car parks or cafes appeared to be mostly ineffective, time-

consuming and, therefore, a costly recruitment exercise; the target population (i.e., over 55 

years) were difficult to identify simply by their appearance as people’s skin age can be 

influenced by sun exposure and many people now use medical and health technologies to 

combat ageing, which can make it difficult to identity their real age (Bayer, 2005).  

4.1.7 Data analysis 

Analyses were conducted using the Statistical Package for Social Science (SPSS) version 

23.0. Descriptive statistics were calculated using frequencies (i.e., percentages) for 

categorical variables and mean and standard deviations for continuous variables. Bivariate 

analyses (i.e., one-way analysis of variance and Pearson’s correlations) were computed to 
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determine the associations between physical activity, demographic characteristics and levels 

of stress, depression, anxiety, and pain. 

4.1.8 Ethical considerations 

Ethics approval for this study was gained from the University Human Research Ethics 

Committee (GU-HREC Approval Number 2016/448) (see Appendix D) prior to 

commencement of the online survey on 8th June 2016. Signed consent was not required prior 

to participation in the online survey. However, participants were informed that the 

completion and submission of the online survey reflected their implied consent to participate 

in the study. This was detailed at the beginning of the online survey. A detailed study 

information sheet was provided, as a downloaded PDF document, at the start of the online 

survey.  

The online survey posed no risks for participants, whether physical, psychological, 

or social, as this study only sought participants’ demographic information, and levels of 

physical activity, stress, mood, anxiety, and pain. People could contact the suggested support 

services outlined in the survey if they were concerned about any of the questions, including 

psychological health questions. Participants were informed that they could discontinue 

participation at any time without penalty or providing an explanation.  

In addition, anonymity and confidentiality of all participants in the survey were 

assured and maintained. All data collection from the online survey was treated in the strictest 

confidence. The data obtained from participants were maintained by the researcher (MQ) 

with full confidentiality throughout and after the completion of the study. While a range of 

background data was requested, no identifying information was sought within the survey, 
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thus, ensuring participant anonymity. To ensure participants’ privacy was protected, only 

group data will be published, and all participants’ data are stored in a locked filing cabinet in 

the School of Nursing and Midwifery, at Griffith University, for the required period of 5 

years before being destroyed. In addition, only authorised personnel (i.e., the members of the 

research team) have access to the data. 

4.2 Results  

At the time of the online survey administration, all 2,050 administrative and academic staff 

aged 55 years and older were invited to complete the online survey. However, it was unclear 

whether staff who were on any type of leave also received the recruitment information. Sixty-

six staff completed the survey reflecting a response rate of 3.2% (see Table 4.1). Most 

respondents were female (86.4%) and were married (60.6%). More than half of the 

respondents had a postgraduate qualification (57.6%) and were full-time staff (65.2%). 

According to the IPAQ-SF scoring guidelines, participants had mostly undertaken moderate 

(53.0%) to high (19.7%) physical activity during the past week. A total of 27.3% of 

participants engaged in low physical activity. 

The average sitting time of participants was 7.5 hours per day (SD = 2.75; range 3 – 

15). Participants’ average scores for stress, depression, anxiety, and pain are shown in Table 

4.2. Most participants reported a low level of stress (56.1%; n = 37), with only 7.6% (n = 5) 

of participants reporting that they were experiencing high levels of stress symptoms. 

Depression and anxiety were detected in 25.8% and 12.1% of the participants, respectively. 

Neck pain, headache, and lower back pain were the most common pain areas for the 

participants, with other reported pain areas in the hands, feet, elbows, or pelvis. 
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Table 4.1: Demographic characteristics of participants (n = 66) 

Category  N (%) 

Age  

    55-64 

    65-74 

 

 57 (86.4) 

9 (13.6) 

Gender  

    Female 

    Male 

 

57 (86.4) 

9 (13.6) 

Education level 

    High school 

    TAFE/college 

    Bachelor degree 

    Postgraduate degree 

 

 6 (9.1) 

13 (19.7) 

9 (13.6) 

38 (57.6) 

Employment status  

    Part-time 

    Full-time 

    Casual/Sessional 

 

13 (19.7) 

43 (65.2) 

10 (15.2) 

Marital status 

    Single 

    Married 

    Divorced 

    Widowed 

    Separated 

    Prefer not to say 

 

 4 (6.1) 

40 (60.6) 

12 (18.2) 

 3 (4.5) 

3 (4.5) 

4 (6.1) 

Note: TAFE = Technical and Further Education 
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Table 4.2: Descriptive statistics of psychological wellbeing, physical activity, and pain (n = 

66) 

Category Mean (SD) N (%) 

Stress 12.62 (8.0)  

Depression 7.38 (5.86)  

Anxiety 3.45 (5.17)  

IPAQ scores (MET - min) 1849 (1957)  

Sitting time (h/day) 7.50 (2.75)  

Pain 

    Headache 

    Neck pain 

    Upper back pain 

    Lower back pain 

    Hip pain 

    Shoulder pain 

    Knee pain 

    Others 

3.65 (2.21) 

 

 

 

 

 

 

 

29 (43.9) 

30 (48.5) 

11 (16.7) 

28 (42.4) 

18 (27.3) 

21 (31.8) 

23 (34.8) 

11 (16.7) 

Note: IPAQ = International Physical Activity Questionnaire; MET = Metabolic Equivalent; 

SD = Standard Deviation
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Analysis of variance revealed that no significant differences were found between 

employment status, marital status, and psychological wellbeing (see Table 4.3). However, 

statistically significant differences were found between education level and (a) severity of 

stress [F (3, 62) = 3.17, p = 0.03, ηp
2 = 0.13], as well as (b) depression [F (3, 62) = 3.38, p = 

0.02, ηp
2 = 0.14]. Participants who possess a bachelor (M = 10.00; SD = 6.23) or postgraduate 

degree (M = 12.13; SD = 7.88) had significantly lower stress levels than those with only high 

school qualifications (M = 21.50; SD = 7.12). Similarly, participants with a bachelor (M = 

5.89; SD = 4.17) or postgraduate degree (M = 6.71; SD = 5.99) had significantly less 

depressive symptomatology than those with the high school qualifications (M = 14.17; SD = 

6.15). There was also a statistically significant difference in the average sitting time between 

different physical activity level groups [F (2, 63) = 8.31, p = 0.001, ηp
2 = 0.21]. Participants’ 

average sitting time for the high physical activity level group (M = 5.42; SD = 1.76) was 

significantly lower than that of the moderate physical activity level group (M = 7.46; SD = 

2.23) and low physical activity level group (M = 9.11; SD = 3.29). 

Pearson’s correlations indicated that stress scores were significantly related to scores 

of depression (p < 0.0001, r = 0.86) and anxiety (p < 0.0001, r = 0.78), indicating that higher 

stress levels correlated with more depressive symptomatology and greater anxiety in 

participants (see Table 4.4). Similarly, there was a significant positive correlation between 

depression and anxiety (p < 0.001, r = 0.79).  
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Table 4.3: Comparisons between participant characteristics and stress, depression, anxiety, pain and sitting time (n = 66) 

 

Participant 

characteristics  

Stress  Depression  Anxiety  Pain  Sitting time 

F P ηp
2 F P ηp

2 F P ηp
2 F P ηp

2 F P ηp
2 

Education level 3.17(3,62)  0.03* 0.13 3.38(3,62) 0.02* 0.14 1.21(3,62) 0.32 0.06 0.54(3,62) 0.66 0.03 0.81(3,62) 0.49 0.04 

Employment status 2.66(2,63) 0.08 0.08 2.58(2,63) 0.08 0.08 2.43(2,63) 0.10 0.07 1.91(2,63) 0.16 0.06 0.82(2,63) 0.44 0.03 

Marital status 1.68(5,60) 0.15 0.12 1.10(5,60) 0.37 0.08 1.06(5,60) 0.39 0.08 1.58(5,60) 0.18 0.11 2.09(5,60) 0.08 0.15 

Physical activity level  0.46(2,63) 0.63 0.01 1.15(2,63) 0.32 0.04 1.70(2,63) 0.19 0.05  0.26(2,63) 0.77 0.00 8.31(2,63) 0.001* 0.21 

Note: *Significant at p < 0.05 
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Table 4.4: Pearson’s correlation coefficients between stress, depression, anxiety, and pain 

(n = 66) 

 Stress Depression Anxiety Pain 

Stress ---    

Depression 0.86* ---   

Anxiety 0.78* 0.79* ---  

Pain 0.10 0.22 0.20 --- 

Note: *Significant at p < 0.001 

4.3 Summary of the chapter 

This section described and justified the elements of the online survey used in this study. The 

survey design including pilot-testing of the survey, setting and participants, recruitment 

methods, data collection, and also the ethical considerations were outlined. The study found 

that a respective 25.8% and 12.1% of the older office workers reported feeling depressed and 

anxious. Positive significant associations were found between stress, depression, and anxiety. 

Older office workers who reported a high physical activity level had significantly lower 

sitting time. In addition, there were statistically significant differences between education 

level and severity of stress and depression. These findings and their implications are 

discussed in the discussion chapter, Chapter 6.
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Chapter 5 Phase Two – Pilot RCT 

The first part of this chapter describes and justifies the use of a pilot randomised controlled 

trial (RCT) design to compare the effects of Tai Chi exercise and the Tai Chi combined with 

Thera-band training programme on physical fitness, psychological wellbeing, and pain in 

sedentary office workers aged 55 years and older. Information regarding the study design, 

sampling of participants, and approach to recruitment, randomisation, and blinding are 

presented. Details relating to the intervention, data collection procedures, and outcome 

measurements are outlined. In addition, the data analysis and ethical issues relating to the 

phase two study are presented. The second part of this chapter outlines the study results, 

including the effectiveness of the Tai Chi and Tai Chi combined with Thera-band training 

programmes on physical fitness, psychological wellbeing, and pain in the target population 

and the feasibility of this RCT study.  

5.1 Methodology 

5.1.1 Study design 

The aim of the phase two study was to determine the potential efficacy of a 12-week Tai Chi 

combined with Thera-band training programme, compared with that of Tai Chi exercise only, 

on physical fitness, psychological wellbeing, and pain in sedentary office workers aged 55 

years and over via a pilot randomised controlled design with two parallel groups. In addition, 

the feasibility of implementing the Tai Chi combined with Thera-band training programme 

and the acceptability of the programme among participants and researchers were determined. 

All reported details of the study conform to the Consolidated Standards of Reporting Trials 

(CONSORT) (Schulz, Altman, & Moher, 2011). Participants were randomly allocated to a 
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Tai Chi combined with Thera-band training intervention group or Tai Chi control group. 

Baseline measures were performed on all participants in each group before being randomly 

allocated to treatment groups, and then follow-up outcome measures were collected at week 

6 (mid-intervention) and week 12 (post-intervention) (see Figure 5.1). This allowed the 

outcome measures from the Tai Chi combined with Thera-band training intervention group 

to be compared to the Tai Chi control group.  

 

Figure 5.1: Study design 

Note: Scores of lower limb strength (30-second Chair Stand Test), upper limb strength (Grip 

Strength Test), balance (Functional Reach Test), walking endurance (2-minute Walk Test), 

stress (PSS-10), depression (CESD-10), anxiety (GAI), and pain (VAS) were collected at 

baseline, week 6, and week 12, respectively.  
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5.1.2 Justification of RCT design 

The RCT design was first introduced by Charles and Joseph (1885) in psychological 

experiments. The RCT approach aims to determine whether a cause and effect relationship 

exists between treatment and outcome (Kendall, 2003). Randomised control trials are 

considered to be the gold standard for determining causality and can provide high quality 

evidence to inform interventions (Bench, Day, & Metcalfe, 2013). Randomised trials 

emphasise the principles of randomisation and blinding, outcome measures, planning, as well 

as data management and analysis to avoid study bias and to ensure valid results (Curtis, 

Barrett, & Parfrey, 2015). The application of a randomised design reduces and even prevents 

bias, especially investigator bias in health promotion research (Rosen, Manor, Engelhard, & 

Zucker, 2006). The random allocation of participants to either intervention or the control 

group minimises systematic differences between groups and the biases that can result in 

health research (Allen, Barn, & Lanphear, 2015). Essock, Drake, Frank, and McGuire (2003) 

stated that double-blinding RCTs have important methodological advantages over 

observational studies in psychological health interventions.  

This study adopted a pilot RCT design, guided by the Thabane et al. (2010) 

framework for pilot studies and the Consolidated Standards of Reporting Trials (CONSORT) 

guidelines (Schulz et al., 2011). The pilot randomised controlled trial, defined by Thabane et 

al. (2010), is an investigation designed to test the feasibility of, and to support the refinement 

of, the protocol, methods, and procedure to be used in a large-scale trial of an intervention. 

A pilot trial should have explicit objectives and a testable hypothesis (Arnold et al., 2009). 

The emphasis of the pilot study is on assessing the feasibility of an entire set of procedures 

for a randomised assessment, including data collection, outcome measurement, and 
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randomisation itself. Thus, according to the National Evaluation Trials and Studies 

Coordinating Centre (NETSCC), a pilot study for an RCT typically requires a randomised 

design.  

An RCT design has three components: randomisation, manipulation, and control 

(Polit & Beck, 2008). Randomisation is the cornerstone of an RCT design. Baseline 

characteristics of the subjects should be assessed before they are randomly assigned to groups 

(Kendall, 2003). Suresh (2011) indicated that the use of software to generate randomisation 

codes using a block randomisation procedure will help to achieve a balance in sample size 

across groups. Simple randomisation, stratified randomisation and covariate adaptive 

randomisation were also recommended to eliminate the source of bias in treatment 

assignments (Suresh, 2011). However, it has been found that the implementation of these 

techniques can vary with each trial (Kim & Shin, 2014). As a result, a true random allocation 

procedure should be used to make sure that a subject’s assignment to the intervention or 

control group is on a truly random basis (Vickers, 2006). Manipulation involves the 

introduction of an intervention to participants by researchers and a control (i.e., comparison) 

group of participants who do not receive the intervention is essential.  

Blinding is another essential component of an RCT design because it prevents 

systematic biases that can arise when participant group allocation and the research aim is 

known.  Blinding, however, is not always feasible but should be implemented if possible 

(Kim & Shin, 2014). Blinding includes concealing information from participants, therapists, 

data collectors and outcome assessors and should be considered during an RCT design 

(Karanicolas, Farrokhyar, & Bhandari, 2010). Single-blinding is the term to describe a trial 

in which only the participant is unaware of the treatment they receive; double-blinding is the 
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most commonly used term to describe trials in which neither the participant nor the 

investigator is aware of the treatment the participant receives. Triple-blinding means that 

participant, investigator, and data analyst are unaware of the treatment the participant 

receives (EUPATI, 2015). It was found that there are significant differences in the treatment 

effects in a trial with a double-blinding design compared to those without double-blinding 

(Schulz, Chalmers, Hayes, & Altman, 1995). Single-blinding RCTs might have different 

results on the same outcomes in the same populations compared with the double-blinding 

design (Blaer et al., 2008). There are significant differences in acceptance rates and referee 

ratings between single-blinding and double-blinding, with less statistical significance in 

double-blinding papers (Snodgrass, 2006). Although conducting a triple-blind study is 

challenging, it can reduce assessment bias and increase the accuracy and objectivity of 

clinical outcomes (Salkind, 2010). However, triple-blind trials offer only minor advantages 

beyond that of a double-blind design due to the logistic challenges that must be considered 

during the implementation (Miller & Stewart, 2011). Although there exists advantages and 

disadvantages in single-blind, double-blind, and triple-blind trials, using blinding in an RCT 

can reduce detection and performance bias, whereas a lack of blinding can lead to 

overestimated treatment effects (Probst et al., 2016).  

Additionally, Intention-to-treat (ITT) analysis should be applied in RCTs, because 

missing outcomes are prevalent (Yelland et al., 2015). Intention-to-treat analysis includes 

every subject who is randomised to the treatment groups in the data analysis procedure 

(Gupta, 2011). Gupta (2011) also indicated that application of ITT could minimise type I 

error due to a cautious approach. RCTs applying an ITT approach provide an unbiased 

comparison among different treatment groups (Nich & Carroll, 2002). 
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Different RCT study designs are available, which include parallel trials and other 

complex designs, for example, cross-over, factorial, cluster, and N-of-1 trials (Tinmouth & 

Hebert, 2007). A parallel group design is the simplest approach and is widely used and 

accepted, but this design is limited to simple comparisons (Hebert, 1998). The cross-over 

design requires a smaller sample compared to other designs but is limited to reversible 

outcomes. The cluster design is ideal for programme or guideline evaluation and education 

interventions, but it is difficult to implement if there is large variability between clusters, and 

is less accepted in clinical practice (Hébert, Tinmouth, & Fergusson, 2009). Factorial design 

can compare two therapies alone and in combination, but it requires a larger sample size and 

more complex design and analysis are needed (Friedman, Furberg, DeMets, Reboussin, & 

Granger, 2015). The N-of-1 design is optimal to determine if therapy is beneficial in a given 

patient, but it is not applicable to an unstable patient or to a treatment that has permanent 

effects or slow modes of action (Duan, Kravitz, & Schmid, 2013). 

The limitations of RCT design 

An RCT is believed to provide the most reliable evidence on the effectiveness of the 

intervention because of the processes used during the design (Akobeng, 2005). There are 

numerous published RCT studies (Bird, Hill, & Fell, 2012; Borness, Proudfoot, Crawford, & 

Valenzuela, 2013; Hondras, Long, Cao, Rowell, & Meeker, 2009). Sanson-Fisher, Bonevski, 

Green, and D'Este (2007) explored limitations of RCTs in evaluating population-based health 

interventions, and found that population availability, contamination, time for follow-up, and 

cost were problems met during the intervention. Rothwell (2006) also indicated that the most 

frequent criticism of RCTs is a lack of external validity, especially among patients in a 

particular clinical setting. Due to these limitations, some aspects require particular 
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consideration during the planning, implementation, analysis, and reporting of RCTs, 

including study design and questions, the prevention of systematic errors, and the use of 

proper statistical analysis (Kabisch, Ruckes, Seibert-Grafe, & Blettner, 2011).  

Human involvement in experimental studies increases levels of risk with respect to 

ordinary clinical care, particularly due to the potential for exposure to unexpected effects of 

a new treatment (Nardini, 2014). The design of a control group is as critical as the design of 

the intervention in order to strengthen the validity and credibility of the findings, so that 

outcome improvements are attributed to the intervention itself (Kinser & Robins, 2013). A 

failure to isolate participants in a control group affects the potential effects of specific 

treatment (Cherry, 2017). Another concern related to experimental studies is the “Hawthorne 

effect”, which contributes to the overestimation of results and changes after the treatment 

(Merrett, 2006; Wolfe & Michaud, 2010). The study conducted by Wolfe and Michaud 

(2010) indicated that personal factors caused a greater than expected treatment effect.  

5.1.3 Participants 

Convenience sampling was used in this study. All office workers (i.e., administrative and 

academic staff) employed by Griffith University, Queensland Australia, who met the 

inclusion criteria outlined were invited to participate.  

The inclusion criteria were:  

1) Aged 55 years and older. 

2) Independently ambulant. 
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3) Engaged in less than 60 minutes of accumulated moderate intensity physical activity (e.g., 

brisk walking, bicycle, yoga) per week, as described in “Chapter 2: Literature Review”. 

People with the following criteria were excluded:  

1) Serious health issues that prevented improvements in physical activity level of 

participants, as assessed by the Physical Activity Readiness Questionnaire (PAR-Q). 

2) Significant vision impairment (i.e., not able to see and follow instructions). 

3) Tai Chi or Thera-band training experience in the previous year (i.e., participating in Tai 

Chi or Thera-band exercise for any reason). 

4) Lack of ability to commit to Tai Chi exercise (moderate intensity activity) for 45 minutes 

three times per week. 

5) Physical disability that prevented the use of extra thin (Tan coloured) Thera-bands at 

either 1.1kg of resistance at 100% elongation or 1.5kg of resistance at 200% elongation, 

if the participant was randomly assigned to the intervention group.  

Sample size 

A pilot RCT study does not aim to prove the superiority of the treatment but to test the study 

procedures and to get estimates of parameters for a large-scale RCT sample size calculation 

(Arain, Campbell, Cooper, & Lancaster, 2010; Thabane et al., 2010). As a result, setting the 

sample size for a pilot RCT study in the same way as a large-scale RCT study is not 

considered to be suitable. Hence, the formula proposed by Whitehead, Julious, Cooper, and 

Campbell (2015) for estimating the sample size for a pilot RCT study, which achieves the 
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objective of minimising recruitment, was used. Based on the sample size estimation for a 

pilot RCT study (Whitehead et al., 2015), a total of 40 participants (i.e., 20 participants in 

each group) were recruited. This proposed sample size was considered adequate for a pilot 

RCT study to detect for standardised effect sizes that range from small to medium. 

5.1.4 Setting 

The study was conducted at Griffith University, which employs 2,050 staff aged 55 years 

and older, as indicated in Chapter 4. The specific details about Griffith University campus 

staff numbers can be found in the online survey setting section. As indicated in the online 

survey results (see Chapter 4, section 4.2), 27.3% of the older (≥ 55 years) office workers 

engaged in low physical activity. Consequently, approximately 560 out of the 2,050 Griffith 

University staff (i.e., administration or academic) aged 55 years and older reported a low 

level of physical activity. Therefore, it was expected that there would be a sizeable number 

of older office workers (≥ 55 years) engaging in low levels of physical activity that could be 

potentially recruited.  

As the researcher (MQ) does not drive, she relied on inter-campus bus services to 

connect her to Griffith University campuses and staff. Logan and South Bank campuses have 

only a combined total of 12.2% of staff members and are neither easily reached by inter-

campus bus services. Hence, only Gold Coast, Nathan, and Mount Gravatt campuses were 

considered for the phase two study. Participant recruitment, intervention implementation and 

data collection were initially planned to be undertaken at Nathan, and Mount Gravatt 

campuses concurrently at different times during the same period. The reason was that the 

researcher (MQ) is currently undertaking her doctoral study at Nathan campus, and, 
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therefore, is familiar with the layout and location of the two campuses. Furthermore, a 

complementary inter-campus bus runs between Nathan and Mount Gravatt campuses every 

15 minutes during trimesters, and every 30 minutes during non-trimester periods, which the 

researcher (MQ) could use to get between the two campuses. However, due to the lower than 

expected recruitment rate at Nathan and Mount Gravatt campuses, it was necessary to repeat 

the same process at the Gold Coast campus, which has the second highest number of Griffith 

University staff members (i.e., 35.1%). One of the challenges was commuting to the Gold 

Coast campus as this took the researcher (MQ) 70 minutes each way by the inter-campus bus 

service which runs five times per day on weekdays and costs AU$5 per trip. This also added 

to the expense of conducting the trial.  

5.1.5 Participant recruitment 

After obtaining ethics approval from the Griffith University Human Research Ethics 

Committee, and following the online survey, an email invitation with the help of the Griffith 

University Deputy Vice Chancellor (Administration) was sent to all Griffith University staff. 

This was the same procedure used to undertake the previous online survey. The email 

invitation included the purpose of the study, basic inclusion and exclusion criteria as well as 

the contact information of the researcher (MQ). People who met the eligibility criteria and 

were interested in joining this study were asked to contact the researcher (MQ) for more 

details. Additionally, the Heads of the various schools at Griffith University were approached 

to seek their support for the study. Those who were willing to promote the study were asked 

to have their school secretaries send the email invitation to potential staff. Potential individual 

participants (i.e., those who had completed the phase one online survey and explicitly 

expressed their interest in joining this study by providing their contact details) were also 
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invited by an individual direct email invitation from the researcher (MQ). Lastly, the 

researcher (MQ) also sent a direct email invitation to colleagues of the members of the 

research team who were deemed to meet the eligibility criteria.  

Beyond the email request, study flyers (see Appendix E) were posted around the three 

main campuses at Griffith University (Nathan, Mount Gravatt, and Gold Coast campuses), 

the same procedure used for the online survey. Similar to recruitment for the previous online 

survey, as there was no target population contact information, a smaller sized version of the 

flyer was distributed to GU staff members who looked to be aged 55 years and older, at the 

entry and exit points of car parks and cafes two days per week for three weeks at Nathan and 

Mount Gravatt campuses between 7am and 8am. The time was chosen because a large 

proportion of GU staff generally start work at around 8.30am. Car parks and cafes are two 

places to meet people easily. The researcher (MQ) informed all people she met about the 

study. Even if people she approached did not meet the inclusion age criteria, the researcher 

(MQ) requested them to promote the study around their workplace. Due to the travel distance 

to the Gold Coast campus, recruitment by a smaller size version of the flyer was undertaken 

one day per week for three weeks between 7 am and 8 am (not as often as that at Nathan and 

Mount Gravatt campuses). Participants who had finished the study intervention at Nathan 

and Mount Gravatt campuses were also asked to promote this study to their colleagues 

working at the Gold Coast campus.  

In addition, another recruitment method was used at the Gold Coast campus. 

Assistance was requested from Professor Tony Perkins, Dean Academic (Griffith Health), to 

promote the study internally to staff in the Health Group on the Gold Coast campus by email. 

Emails contained the study details and a register button directing potential participants to an 
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online registration form (see Appendix F), which stated the study inclusion criteria upfront 

to participants. The researcher (MQ) then conducted a short information session for interested 

potential participants who had completed the online registration form. These participants 

were provided with an information sheet (see Appendix G), a Physical Activity Readiness 

Questionnaire (PAR-Q) (see Appendix H) and an informed consent form (see Appendix I). 

The researcher (MQ) explained the study purpose and inclusion and exclusion criteria, as 

well as answered questions potential participants had regarding the study. People who were 

willing to participate in this study then signed the consent form and returned it to the 

researcher (MQ) in person during the information session.  

During the recruitment, small gifts (i.e., a towel and exercise band) were distributed 

to thank participants for their time. The majority of participants provided the signed consent 

form following consideration of their availability and schedules. Potential interested 

participants who did not provide signed consent were followed up via emails one week later 

and then every three days for a two-week period. After the recruitment, a total of 42 

participants who provided their signed consent form were screened for their eligibility to 

partake in the study according to the inclusion and exclusion criteria, and the PAR-Q form. 

One participant who did not meet the inclusion criteria was then informed by email that she 

was not eligible to partake in the study. The remaining 41 participants were scheduled for a 

baseline assessment in a pre-booked seminar room at Griffith University.  

5.1.6 Randomisation 

Baseline data were collected from consenting and eligible participants; this included their 

demographic details, physical fitness scales (i.e., 30-Second Chair Stand Test, Grip Strength 
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Test, Functional Reach Test, and 2-Minute Walk Test), psychological wellbeing scales (i.e., 

PSS10, CES-D10, and GAI), and pain scale (i.e., VAS). During the collection of baseline 

data, one participant declined to partake in this process and was, therefore, excluded from 

the study. The remaining 40 participants were then randomly allocated to either the Tai Chi 

combined with Thera-band training intervention group or the Tai Chi control group. The 

randomisation process was undertaken using the “sealed envelope” method. An identification 

number (i.e., 1-40) was allocated to participants, corresponding to the order of when the 

consent form was received. Each number was written on a separate piece of folded white 

paper and placed into an opaque envelope. Two of the research supervisors (CJ & WM), who 

were neither involved in participant recruitment nor knew the name of the participants and 

their identification numbers, performed the randomisation process by picking a random white 

folded paper with the number from the envelope so as to allocate each participant to either 

the intervention or control condition. The papers with identification numbers were drawn one 

at a time and then placed in either the opaque Tai Chi combined with Thera-band training or 

Tai Chi envelopes in an alternating sequence, and the envelopes were sealed at the end of the 

randomisation process. The researcher (MQ) then opened the Tai Chi combined with Thera-

band training and Tai Chi sealed envelopes and informed the participants by email which 

group they had been allocated to. 

5.1.7 Blinding 

Besides blinding that occurred during the randomisation of participants to the treatment 

groups, the four PhD student volunteers who performed the outcome measures were also 

blinded to the recruitment, screening and treatment allocation processes as well as the study 

intervention. However, the Tai Chi training instructor (MQ) who assessed the outcomes was 
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not blinded to the whole study. Participants consented to participate in the study and not to a 

particular treatment group. Blinding of participants was not feasible once they had been 

allocated to a group. They were instructed not to discuss their activities with anyone, and the 

two different treatments were performed at different times and in separate rooms by the same 

instructor. 

5.1.8 Intervention  

As a number of studies have demonstrated the significant benefits of Tai Chi on stress, 

depression, anxiety, pain, and wellbeing (Chi et al., 2013; Frye et al., 2007; Liu et al., 2015; 

Tsai et al., 2003), an additional non-active control group was not warranted. Therefore, the 

study included two groups: 1) Tai Chi combined with Thera-band training intervention 

group, and 2) Tai Chi control group. The first 10 consistent movements of the 24-step 

simplified Tai Chi form (as described in Chapter 2) were chosen for the study. All the 

sessions were conducted in pre-booked seminar rooms at Griffith University. A postgraduate 

student support officer (Dr. Michael Carden) assisted with the online room bookings.  

Intervention group 

Participants in the Tai Chi combined with Thera-band training intervention group received 

Tai Chi combined with resistance exercise three times per week for 12 weeks, after a 2-week 

learning stage. Each session lasted for 45 minutes. The exercise consisted of wearing a 

resistance band (Thera-band, The Hygenic Corporation, Akron, OH, USA) on both hands 

while performing the first 10 Tai Chi movements of the 24-simplified Tai Chi forms (see 

Figure 5.2). Seven of the first 10 Tai Chi movements aimed for arm separation and required 

an effort against the resistance of the Thera-bands (i.e. Part the wild horse’s mane on both 
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sides, White crane spreads its wings, Brush knees and step forward, Reverse reeling forearm, 

Left/Right rasping the sparrow’s tails, and the Single whip). As indicated in Chapter 2, 

colours of the Thera-band indicated the progressive resistance levels with tan reflecting the 

lowest intensity, followed by yellow, red, green, blue, black, silver, and gold.   

 

Figure 5.2: Tai Chi training instructor and participants practice Tai Chi combined with 

Thera-band training  

(Photo taken by a participant on 06/07/2016 with permission of participants) 

Each participant tied two different knots in each side of the Thera-band adjusting to 

the size of their palms and the thickness of their thumbs. While practising Tai Chi, 

participants used two hands to wrap around the Thera-band (see Figure 5.3), making it easier 

to hold. This can prevent the Thera-band slipping from the hands, thus, eliminating injuries, 

for example, eye or facial injuries (Sears, 2018). More detail in relation to the risks when 
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using the Thera-band can be found in the literature review chapter. In addition, wrapping 

around the Thera-band in both hands makes it easier to practice Tai Chi forms, for example, 

push hands or wave hands. This technique also enabled participants to focus on the Tai Chi 

practice rather than worrying about holding on to the Thera-band.  

 

Figure 5.3: Thera-band knots 

(Photo by Meiling Qi 06/03/2016) 

Learning stage  

Participants learnt the 10 Tai Chi movements plus resistance training under the guidance of 

a Tai Chi training instructor (the researcher MQ) over six sessions during a two-week period, 
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i.e., three sessions per week. The Tai Chi training instructor has had eight years Tai Chi 

practice experience, and she has a master’s qualification in physical health from Shandong 

University, in China. The specific session schedule is presented in Table 5.1. Each learning 

session lasted for 45 minutes, including a 10-minute warm up, 30-minute learning, and 5-

minute cool down. The learning sessions involved verbal and visual instruction to 

demonstrate both the movements and performance tips behind each movement. Participants 

were assessed at the end of the two-week learning stage to ensure they could independently 

complete all 10 Tai Chi movements combined with resistance exercise before starting the 12-

week intervention sessions. The resistance training was performed initially with tan Thera-

bands for females, and yellow Thera-bands for males. After the learning stage, participants 

determined the appropriate resistance level for the Thera-band they used according to their 

own individual capacity. 

Table 5.1: Intervention group learning stage schedule  

Week 1 Week 2 

Session 1: Movements 1-3 Session 1: Movements 1-10 holding Thera-bands 

Session 2: Movements 4-6 Session 2: Movements 1-10 holding Thera-bands 

Session 3: Movements 7-10 Session 3: Movements 1-10 holding Thera-bands, 

ending with assessment 

Intervention training  

Following the two-week learning period, participants practised Tai Chi with resistance 

exercises three times per week over another 12 weeks, with two practice sessions and one 

outcome assessment session at weeks 6 and 12. There were a total of 34 practice sessions for 
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participants across the 12 weeks. Each practice session was comprised of a 10-minute warm 

up, 30-minute Tai Chi with resistance exercise practice, and 5-minute cool down. A normal 

lifestyle was recommended for participants on those days when there were no sessions 

scheduled. Sessions were not conducted on public holidays. A mobile phone or the session 

room’s computer was used to provide relaxing background music for participants during 

practice sessions. To assist participants who could not practice the first 10 movements 

independently, a video showing the 24-simplified Tai Chi forms helped them to maintain 

consistency and perform correctly. Ratings of perceived exertion (RPE) was monitored at the 

end of each fortnight of the 12-week intervention. Exercise intensity was changed if 

participants reported a RPE of below five on the scale which runs from 0 (nothing at all) to 

10 (very, very heavy). Exercise intensity was progressively increased by either adjusting the 

grip width based on the Thera-band force-elongation or upgrading to a more challenging 

Thera-band colour.  

Participants were given the option of choosing to attend three practice sessions each 

week from eight available classes held every Monday (three sessions), Wednesday (three 

sessions), and Friday (two sessions). Sessions were scheduled in the morning (7:00 am to 

9:00 am), at mid-day (11:00 am to 1:00 pm), and in the late afternoon (3:00pm to 6:00pm). 

According to the guidelines of the physical activity recommended for older adults (Nelson et 

al., 2007), participants were restricted to attending one session per day, and the practice 

sessions were held on three non-consecutive days in each week. Each session had a maximum 

of six participants to ensure a quality practice experience, and their safety.  

For participants who could not attend the scheduled sessions on weekdays, two 

additional sessions were also provided on weekends to enhance the attendance rate, with one 
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session daily between 10am and 10.45am. Anyone who missed a session and was unable to 

complete a scheduled make-up session was asked to complete a practice session individually 

(e.g., at home), and to provide a record of this make-up session. A video showing the 24-

simplified Tai Chi forms was provided to participants, which they could follow during their 

make-up individual practice session. Participants were asked to advise the researcher (MQ) 

by email if they were unable to attend a session and to provide a reason for their non-

attendance. Session attendance and reasons for non-attendance were recorded using an 

attendance sheet by the Tai Chi training instructor. The Tai Chi training instructor also 

recorded the number of make-up sessions undertaken by each participant. Feedback and 

comments raised by participants about the intervention were documented in a logbook.  

Control group 

Participants in the Tai Chi control group followed the same protocol as the Tai Chi combined 

with Thera-band training intervention group except without the resistance training using a 

Thera-band. Furthermore, participants were given the option of choosing to attend three 

practice sessions each week from eight available classes held every Tuesday (three sessions), 

Thursday (three sessions), and Friday (two sessions). 

Tai Chi Sessions 

The Tai Chi sessions for both the intervention and control groups were comprised of three 

parts.  
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Part 1 – Warm up exercise 

Participants in both the intervention and the control groups practised the same warm up 

exercises. Each warm up exercise was undertaken as follows. 

1. Shoulder stretch: While standing, place the right arm over the left shoulder, and grasp the 

right elbow with the left hand. Push the elbow towards the shoulder and hold for five seconds. 

This stretch is felt on the posterior aspect of the right shoulder. The stretch is then repeated 

on the other side. 

2. Hamstring and back stretch: While standing, place one foot slightly in front of the other, 

with the front leg straight and the back leg slightly bent. Lean forward while flexing at the 

hips and slide both hands down the front of the shin of the straight leg. This stretch is felt on 

the posterior aspect of the leg and thigh. Push the toes down to the floor to feel the stretch 

more in the middle of the hamstring muscle. This stretch is held for 30 seconds and then 

repeated on the other side. 

3. Shaking arms: Stand with the feet shoulder-width apart. Raise forearms up slightly and 

gently shake arms, loosening the wrist and elbow joint. Do this exercise for about one minute. 

4. Shaking body: Stand with the feet shoulder-width apart and the arms placed naturally at 

the sides. Gently bounce the upper body up and down, bending and straightening the knees 

continuously. Do this exercise for about one minute. 

5. Swing arms from side to side: Stand with the feet shoulder-width apart and the arms 

placed naturally at the sides. Gently bounce the upper body up and down, bending and 

straightening the knees continuously. Do this exercise for about one minute. 
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Part 2 - The first 10-movement sequence of the 24 simplified Tai Chi 

Control group participants practised the first 10-movement sequence of the 24 simplified Tai 

Chi form while the intervention group participants practised the same 10-movements while 

holding a Thera-Band in both hands. The following movement sheet was provided to each 

participant and permission to use was given by Danli Neilson, who is a Tai Chi/Qi gong 

instructor at the Danli Tai Chi Healthy Art (https://www.danlitaichi.com/). 

1. Starting Postures: Both arms float up then sink down 

Bend the knees slightly, then step to the left with the left leg, shoulder-width apart (begin to 

inhale). Rotate palm while raising arms up slowly to shoulder level, palm facing down. Pull 

arms in slightly and lower them to the abdomen level while bending the knee slightly (exhale). 

 

2. Part the wild horse's mane on both sides: Hold ball, step out then spread arms 

Shape arms like carrying a ball, draw back the left foot. Turn left, stretch the left foot forward. 

Step into bow stance, set hands apart. Move upper body backwards while sitting on the right 

leg, and rotate the left foot outwards. Set ball-arms, stretch the right leg forward. Step into 

bow stance, set hands apart. Do the same movement on the right side. Move upper body 

backwards such as sitting on the left leg, rotate the right foot outwards. Set ball-arms, stretch 

the left leg forward. Step into bow stance, set hands apart. 

https://www.danlitaichi.com/
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3. White crane spreads its wings: Cross wrists, lift up then open arms 

Take back the right leg, set ball-arms. Move upper body backwards while sitting on the right 

leg, turn right. Turn left. Set hands apart, lift the right hand, sink to the left. 

 

4. Brush knee and step forward: Raise arms, brush knee then push 

Set the right foot down, wave the arms. Turn right and wave arms again. Lift the right arm 

and left foot. Set the left foot, bend the right arm. Step into bow stance, push the right hand 

forward, and sweep the left hand over the left knee. Set the gravity centre back on the right 

foot, turn the left foot outward. Turn left, lift the left arm. Move forward, bend the left arm. 

Step into bow stance, push the left arm forward, and sweep the right arm over the right knee. 

Set the gravity centre back on the left foot, turn the right foot outward. Turn right, lift the 

right arm. Move forward, bend the right arm. Step into bow stance, push the right arm forward, 

and sweep the left arm over the left knee. 
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5. Playing the lute: Bring in then lift up with left arm 

Move the right leg forward, stretch the left arm. Set the gravity centre back on the right foot, 

stretch the left arm forward, and pull the right hand back to left elbow. Step into “Xu Bu” 

(left leg in empty toe stance), set arms like playing a lute.  

 

6. Reverse reeling forearm: Step back then push 

Turn right, stretch the right arm. Look back at the right hand. Bend the right arm, look 

forward. Step backward, push the right arm forward. Turn left, stretch the left arm. Look 

back at the left hand. Bend the left arm, look forward. Step backward, push the right arm 

forward. 
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7. Left grasping the sparrow’s tail: Ward off, roll back, press then push 

Turn right and swirl the arms. Wave arms like one is carrying a ball, move the left foot 

towards the body. Lift the left leg towards the left and set the left foot down. Step into bow 

stance, lift and stretch the left arm. Move arms downward. Put the right hand on the left waist, 

and push forward. Separate the hands, and pull backward closer to body.  

 

8. Right grasping the sparrow’s tail: Ward off, roll back, press then push 

Move the gravity centre back to the right leg, turn the right foot inwards. Turn right and swirl 

the arms. Wave arms like one is carrying a ball, move the right foot towards body. Lift the 

right leg towards right and set the right foot down. Step into bow stance, lift and stretch the 

left arm. Move arms downward. Put the right hand on the left waist, and push forward. 

Separate the hands, and pull backward closer to the body. 
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9. Single whip: Circle arms, hook right then push with lift palm 

Move the gravity centre back to the left leg, turn the right foot inwards. Turn the waist left, 

rotate the arms from right to left (wave arms across body, left arm at the chest level, and right 

arm at navel). Turn left palm down. Rotate the arms from left side to the right side. Rotate 

the right and hook the right hand. Turn to left and step into bow stance. Push left hand forward.  

 

10. Wave hand like clouds: Circle arms while stepping sideways to the left 

Move the gravity centre into the bent right leg, turn the left foot inward. Rotate the waist and 

move the left hand downward. Unfold the hook hand and rotate arms left-wards. Turn over 

palms, move the right leg close to the left one. Rotate arms right-wards, turn over palms, step 

the left leg far from the right one. Rotate arms left-wards, turn over palms, step the right leg 

close to the left one. Rotate arms right-wards, turn over palms, step the left leg far from the 

right leg. Rotate arms left-wards, turn over palms, step the right leg close to the left leg.  
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Part 3 - Cool down 

Participants in both the intervention and control groups practised the same cool down 

exercises. The 5-minute cool down exercises consisted of shaking the arms, shaking the body, 

and swinging the arms from side to side. These exercises were also part of the warm up 

exercises.  

5.1.9 Data collection 

Demographic information 

Participants’ demographic details (i.e., age, gender, education level, employment, marital 

status) were collected (see Appendix C).  

Psychological wellbeing and pain assessment 

Psychological wellbeing (i.e., stress, depression, and anxiety) and pain assessment was 

completed at baseline using an online questionnaire that took participants approximately 10 

minutes to complete. All questions were set as mandatory to ensure that participants 

answered all questions included in the online questionnaire. Data for mid- and post-

intervention psychological and pain outcomes were assessed at the end of week 6 and week 

12, respectively, in the same manner. At each data collection time point, participants were 

sent an email which contained a weblink directing respondents to the online survey. 

Reminder email were sent to participants who did not complete survey by the second day 

after the initial survey was sent. Details of the psychological health assessment including 

levels of stress (PSS10), depression (CES-D10), anxiety (GAI), and pain (VAS) have been 

described in the previous online survey outcome measurements section.  
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Physical fitness outcome measures 

Four PhD student volunteers, with a nursing (Lihui Pu, and Sarath Rathnayake from School 

of Nursing and Midwifery at Nathan campus), social science (Parinaz Motealleh from School 

of Nursing and Midwifery at Nathan campus) or psychology (Leah Hague from School of 

Psychology at Mount Gravatt campus) background, helped the researcher (MQ) to conduct 

the physical fitness assessment. The volunteers were trained by the researcher prior to data 

collection to explain how to operate the four physical fitness measuring instruments, and 

essential tips were provided to perform the assessment. They were also asked to practise 

performing physical fitness measurements on each other. Following this, the volunteers were 

assessed by the researcher (MQ) to ensure they were familiar with the task and could 

complete it independently and accurately. The physical assessments took almost 15 minutes 

to complete with each participant, with a one-minute break between each outcome 

assessment. Standard instruments were used to assess each participant’s physical fitness: 30-

Second Chair Stand Test, Grip Strength Test, Functional Reach Test, and 2-Minute Walk 

Test. Small gifts (i.e., a towel and exercise band) were given to participants who completed 

outcome assessment.   

30-Second Chair Stand Test  

The 30-second Chair Stand Test (Rikli & Jones, 1997) was used to assess lower limb strength. 

Participants sat in the middle of the chair, with feet flat on the floor. Participants kept their 

back straight and placed their hands on the opposite shoulder crossed at the wrists. The score 

was the number of times the participant stood in 30 seconds. The 30-s CST has shown high 
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reliability in community-dwelling older adults with a mean age of 75 years (ICCs = 0.84-

0.92) (Jones, Rikli, & Beam, 1999). 

Grip Strength Test 

The Grip Strength Test, as described in the National Institutes of Health (NIH) Toolbox 

(Gershon et al., 2013), was used to assess upper limb strength (right and left sides), using a 

Jamar hand dynamometer. Participants sat in a chair with their feet touching the ground. With 

the elbow bent to 90 degrees and the arm against the trunk, wrist at neutral, participants 

squeezed the dynamometer as hard as they could for a count of three seconds. The peak force 

(kg) achieved during the 3-second effort was recorded. This strength test using the Jamar 

hand dynamometer exhibits high reliability for older subjects with a mean age of 50.5 years 

old (ICC = 0.98) (Savva, Giakas, Efstathiou, & Karagiannis, 2014). 

Functional Reach Test 

The Functional Reach Test (Duncan, Weiner, Chandler, & Studenski, 1990) was used to 

examine standing balance. Participants stood next to a wall, but not touching it, with their 

feet shoulder-width apart, while positioning the arm closest to the wall at 90 degrees of 

shoulder flexion with a closed fist. Participants were then instructed to reach as far forward 

as they could without taking a step. The horizontal displacement (cm) of the third metacarpal 

between the starting position and maximum reach was recorded. Three trials were completed 

and the average of the last two was noted. The FRT has shown high reliability in older adults 

(ICC = 0.80 - 0.98) (Rikli & Jones, 1999). 

2-Minute Walk Test 
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The 2-Minute Walk Test, as described in the NIH Toolbox (Gershon et al., 2013), was used 

as an estimate of aerobic endurance. Participants walked as far as they could in two minutes 

within a boundary of 15 metres. The participant’s score was the distance achieved in two 

minutes. The 2-Minute Walk Test has shown high reliability among participants aged from 

18 to 85 years (ICC = 0.82) (Bohannon, Wang, & Gershon, 2015). 

5.1.10 Data analysis 

All statistical analysis was conducted using IBM Statistical Package for the Social Science 

version 23.0 (SPSS Institute) software. Data were analysed according to an ITT principle 

(Gupta, 2011). Participants who either dropped out from the study or failed to adhere to the 

protocol and to complete the study, had their last known data carried forward.  

Study feasibility was tested using descriptive statistics (i.e., percentage, means, etc.). 

The normality of continuous data was first checked using the Kolmogorov-Smirnov test. The 

demographic and baseline characteristics of the two groups were compared using 

independent t-tests (i.e., arm strength, balance, and walking endurance) and chi-square tests 

(for nominal data). For variables whose distribution was not normal (i.e., stress, depression, 

anxiety, pain, upper body strength), the baseline scores of these variables between the two 

groups were compared using the Mann-Whitney U test.  

Using the mean change scores, repeated measures MANOVA, adjusted for significant 

baseline difference, were conducted to test the overall between-group differences in the 

outcomes measures. The mean change scores were calculated for each outcome measure at 

weeks 6 and 12 (i.e., the difference between week 6 to baseline and week 12 to baseline). 

After the multivariate analysis, univariate analysis was performed where appropriate. 
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Identifying changes within each group were performed by paired t-tests. In addition, one-

way analysis of covariance was used to compare between-group differences in changes from 

baseline to 6 and 12 weeks. The odds ratio was computed to determine the likelihood of an 

improvement in physical fitness and psychological wellbeing, and a reduction of pain for the 

Tai Chi combined with Thera-band training intervention group compared with the Tai Chi 

control group. The significant level was set at 0.05. Cohen's d of 0.20, 0.50, and 0.80 were 

used to represent small, moderate and large effects, respectively.  

5.1.11 Ethical considerations 

Prior to commencement of the phase two study, ethics approval was gained from the Griffith 

University Human Research Ethics Committee (GU-HREC Approval Number 2016/872) 

(see Appendix J) in November 2016. Amendments were lodged as required.  

In line with the principle of beneficence and to ensure participants’ safety during the 

intervention, the Tai Chi combined with Thera-band training and Tai Chi exercise 

programme was conducted by the same Tai Chi training instructor (MQ), who has had eight 

years’ Tai Chi practice experience. Participants were also reassured that they were free to 

withdraw their participation from the study at any time without providing any reason. In 

accordance with the principle of human dignity and informed consent, details of the study 

including the extent of involvement as well as the potential harm and benefits of the 

intervention were clearly explained to participants, to enable them to make an informed 

decision about whether to partake in the study. Participants were given time to make their 

decision or to consult friends or family. Participants were also reassured that they were free 

to withdraw their consent from the study at any time without providing any reason. The 
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contact information of the researcher (MQ) was provided in the event that participants had 

any further comments or inquiries.  

Participants had the same fair treatment for the whole process of the study regardless 

of gender, age, or whether they were in the Tai Chi group or the Tai Chi combined with 

Thera-band training group. In particular, their healthcare and daily life were not influenced 

by their involvement in the study. The privacy and confidentiality of participants’ personal 

details was protected. All participants were informed that their names would not appear in 

the published papers or in the thesis. Permission was required from relevant participants if 

their photographs were used in the thesis.  

Outcome data from the phase two study were treated in the strictest confidence. While 

a range of background data was requested, no identifying information was sought on the 

survey, thus, ensuring anonymity. To ensure participants’ privacy was protected, only group 

data will be published, with group results of the study being disseminated to participants via 

email. All participants’ data are stored in a locked filing cabinet in the School of Nursing and 

Midwifery, at Griffith University, for the required period of 5 years before being destroyed. 

Only authorised personnel (i.e., members of the research team) have access to the data. 

5.2 Results 

The results of the pilot RCT are presented in this section. The effectiveness of the Tai Chi 

combined with Thera-band training programme was compared to Tai Chi exercise only on 

outcomes of physical fitness (lower limb strength, upper limb strength, balance, and walking 

endurance), psychological wellbeing (i.e., stress, depression, and anxiety), and pain in older 

sedentary office workers. First, a CONSORT flow chat is presented to detail the recruitment, 
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group allocation, follow-up, and the data analysis process. Second, participants’ demographic 

details (i.e., age, gender, education level, employment status, and marital status), baseline 

levels of physical fitness, psychological wellbeing, and pain are described. Third, the 

outcome assessment of physical fitness, psychological wellbeing, and pain between Tai Chi 

combined with Thera-band training intervention and Tai Chi control groups are presented. 

Lastly, the feasibility data, which includes recruitment, attendance and retention rate as well 

as challenges experienced during intervention implementation and data collection are 

presented. 

5.2.1 Participant flowchart 

The flow of participants through the study is outlined in Figure 5.4. This figure demonstrates 

the number of participants who were assessed for eligibility, randomly assigned, received the 

intended treatment, and were included in the data analysis. In addition, the reasons for 

participants’ attrition are outlined.  

Forty-two participants were recruited and assessed for their eligibility to participate 

in the study. One participant was excluded as they did not meet the inclusion criteria, and 

one participant declined to complete the baseline assessment. Therefore, 40 consenting 

participants were randomly allocated into the Tai Chi combined with Thera-band training 

intervention or Tai Chi control group. At week 6, five participants from the intervention 

group and four participants from the control group had withdrawn due to a number of reasons 

such as problems with their knee/s, back, the flu, and time conflicts. No further attrition 

occurred at week 12. Outcome assessments for the remaining 31 participants were completed 
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at both weeks 6 and 12. The Last Observation Carried Forward (LOCF) approach for missing 

data of participants who withdrew was applied in the statistical analysis. 

 

Figure 5.4: Flow chart of participants in the study
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5.2.2 Baseline data  

Demographic characteristics 

Demographic characteristics of participants in the two groups are shown in Table 5.2. The 

mean age of the participants was 59.6 years (range 55-72 years). The majority of the 

participants were female (n = 31; 77.5%), had achieved a higher education qualification (n = 

22; 55%), worked full-time (n = 31; 77.5%), were married (n = 25; 62.5%), and recorded as 

right-handed (n = 37; 92.5%). There were no significant demographic characteristic 

differences between the participants in the control and intervention groups. 

Outcome variables 

The baseline stress, depression, anxiety, and pain between the two groups are also shown in 

Table 5.2. There was no significant difference between the treatment groups for stress, 

depression, and anxiety. However, a significant difference of pain at baseline was found 

between participants in the control and intervention groups. Pain level of participants in the 

control group (M = 1.00; SD = 0.73) was significantly lower than those in the intervention 

group (M = 2.20; SD = 1.96). The common types of pain reported by all participants were 

headache, neck pain, lower back pain, and knee pain. In addition, there was no significant 

difference in lower limb strength, upper limb strength, balance, and walking endurance 

between the two groups. 
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Table 5.2: Baseline characteristics of study participants (n=40) 

Variables Intervention group 

(n = 20) 

Control group 

 (n = 20) 

P value 

Age ^ 59.43 ± 3.31 59.80 ± 4.34 0.76 a 

Gender  

    Female 

    Male 

 

16 (80.0%) 

4 (20.0%) 

 

15 (75.0%) 

5 (25.0%) 

 

 

1.00 c 

Education level 

    Less than bachelor degree 

    Higher education qualification 

 

10 (50.0%) 

10 (50.0%) 

 

8 (40.0%) 

12 (60.0%) 

 

 

0.75 c 

Employment status  

    Part-time and Casual 

    Full-time 

 

6 (30.0%) 

14 (70.0%) 

 

3 (15.0%) 

17 (85.0%) 

 

 

0.45 c 

Marital status 

    Non-married 

    Married 

 

8 (40.0%) 

12 (60.0%) 

 

7 (35.0%) 

13 (65.0%) 

 

 

1.00 c 

Stress ^ 13.10 ± 8.29 12.10 ± 5.99 0.76 b 

Depression ^ 8.25 ± 6.50 6.15 ± 4.65 0.38 b 

Anxiety ^ 4.85 ± 6.23 3.20 ± 3.56 0.62 b 

Pain ^ 2.20 ± 1.96 1.00 ± 0.73 0.04 b* 

Lower limb strength ^ 14.30 ± 3.50 15.70 ± 4.79 0.30 a 

Right upper limb strength ^ 26.45 ± 6.55 28.70 ± 11.37 0.45 a 

Left upper limb strength ^ 25.85 ± 7.40 27.05 ± 11.63 0.70 a 

Balance ^ 32.79 ± 5.99 31.95 ± 5.70 0.65 a 

Aerobic endurance ^ 621.69 ± 73.54 644.91 ± 77.40 0.34 a 

Note. SD = Standard deviation, TAFE = Technical and further education, *significant level (p < 0.05), ^ Mean 

± SD  

a value was calculated with independent t-tests. 
b value was calculated with Mann-Whitney U test. 
c value was calculated by chi-square test. 
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5.2.3 Physical fitness outcomes  

The means and standard deviations of the change scores for physical fitness outcomes (i.e., 

lower limb strength, upper limb strength, balance, and walking endurance) are presented in 

Table 5.3. The odds ratio of physical fitness outcomes in the intervention and control groups 

at week 6 and week 12 are presented in Table 5.4 and Table 5.5, respectively. Figure 5.5 

shows the changes in measures of lower limb strength, upper limb strength, and balance at 

week 6 and week 12 during the 12-week intervention period. Changes in scores of walking 

endurance can be found in Figure 5.6.  

 

Figure 5.5: Mean changes in lower limb strength, upper limb strength, and balance at week 

6 and 12 

Note: Change scores of week 6 = scores of week 6 – scores of baseline; change scores of 

week 12 = scores of week 12 – scores of baseline 
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Figure 5.6: Mean changes in walking endurance at week 6 and 12 

Note: Change scores of week 6 = scores of week 6 – scores of baseline; change scores of 

week 12 = scores of week 12 – scores of baseline 

Lower limb strength 

A significant group effect (p = 0.01, Cohen’s d = 0.91) was found in the change scores of 

lower limb strength. Inspection of the means revealed that lower limb strength of participants 

in the intervention group (M = 4.15; SD = 3.41) was higher than that of the control group (M 

= 2.15; SD = 2.91) after 6 weeks of training (p = 0.01, Cohen’s d = 0.90). Furthermore, lower 

limb strength of participants in the intervention group (M = 5.75; SD = 4.46) was also higher 

than that of the control group (M = 4.05; SD = 3.24) after 12 weeks of training (p = 0.02, 

Cohen’s d = 0.84). Odds ratio estimation indicated that participants who practised Tai Chi 

combined with Thera-band training were 2.45 times more likely to have an improvement in 

their lower limb strength scores than participants who partake in Tai Chi exercise only at 
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week 6 (CI 95% 0.64-9.39), with a respective 75% and 55% improvement in the Tai Chi 

combined with Thera-band training and Tai Chi groups. The lower limb strength 

improvement rate was the same in both the intervention and control groups (75%) at week 

12, with an odds ratio of 1.00 (CI 95% 0.24-4.18). 

Right upper limb strength  

Significant group effect (p = 0.04, Cohen’s d = 0.70) was found in change scores of right 

upper limb strength. Inspection of the means revealed that right upper limb strength of 

participants in the intervention group (M = 3.50; SD = 5.28) was higher than that of the 

control group (M = 0.55; SD = 3.32) after 12 weeks of training (p = 0.03, Cohen’s d = 0.75). 

Odds ratio estimation revealed that participants who practised Tai Chi combined with Thera-

band training were 2.33 times more likely to have an improvement in their right upper limb 

strength scores than participants who partake in Tai Chi exercise only at week 6 (CI 95% 

0.64-8.54), with 50% improvement in the Tai Chi combined with Thera-band training group, 

and 30% in the Tai Chi group. The right upper limb strength improvement rate was also 

higher in the intervention group (60%) than in the control group (30%) at week 12, with an 

odds ratio of 3.50 (CI 95% 0.94-12.97). 

Left upper limb strength  

No significant group (p = 0.35), time (p = 0.85), and time by group interaction (p = 0.71) 

effects were found in change scores of left upper limb strength despite a small to moderate 

clinical group effect (i.e., Cohen’s d = 0.31) being detected. Odds ratio estimation, however, 

indicated that participants who practised Tai Chi combined with Thera-band training were 

2.45 times more likely to have an improvement in their left upper limb strength scores than 
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participants who partake in Tai Chi exercise only at week 6 (CI 95% 0.64-9.39), with a 

respective 45% and 25% improvement in the Tai Chi combined with Thera-band training and 

Tai Chi groups. The left upper limb strength improvement rate was also higher in the 

intervention group (55%) than in the control group (50%) at week 12, with an odds ratio of 

1.22 (CI 95% 0.35-4.24). 

Balance  

No significant group (p = 0.44), time (p = 0.56), and time by group interaction (p = 0.74) 

effects were found in change scores of balance despite a small to moderate clinical group 

effect (i.e., Cohen’s d = 0.26) being detected. Odds ratio estimation showed that participants 

who practised Tai Chi combined with Thera-band training were 1.5 times more likely to have 

an improvement in their balance scores than participants who partake in Tai Chi exercise 

only at week 6 (CI 95% 0.43-5.25), with 60% and 50% improvement in the Tai Chi combined 

with Thera-band training and Tai Chi groups, respectively. The balance improvement rate 

was smaller in the intervention group than in the control group, with an odds ratio of 0.44 

(CI 95% 0.12-1.57) at week 12. 65% of participants in the control group improved balance 

scores after 12 weeks of Tai Chi exercise only practice, while only 45% in the intervention 

group. 

Walking endurance 

No significant group (p = 0.17), time (p = 0.66), and time by group interaction (p = 0.32) 

effects were found in change scores of walking endurance despite a small to moderate clinical 

group effect (i.e., Cohen’s d = 0.46) and time by group effect (i.e., Cohen’s d = 0.33) being 

detected. Odds ratio estimation, however, indicated that participants who practised Tai Chi 
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combined with Thera-band training were 1.91 times more likely to have an improvement in 

their walking endurance scores than participants who partake in Tai Chi exercise only at 

week 6 (CI 95% 0.52-7.00), with 70% improvement in the intervention group, and 55% in 

the control group. The walking endurance improvement rate was smaller in the intervention 

group (70%) than in the control group (75%) at week 12, with an odds ratio of 0.78 (CI 95% 

0.19-3.13). 
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Table 5.3: Changes in physical fitness outcomes during the 12-week intervention (ITT analyses)  

 

 

Variables 

Intervention group (n = 20) Control group (n = 20) Group ×Time 

interaction 

Group effect Time effect 

Change score 

at W6 

Change score at 

W12 

Change score 

at W6 

Change score at 

W12 

p  Effect 

size 

P Effect 

size 

p Effect 

size 

Lower limb strength 

(times) 

4.15 ± 3.41 b 5.75 ± 4.46 a, b 2.15 ± 2.91 4.05 ± 3.24 a 0.77 0.09 0.01 c 0.91 0.60 0.17 

Right upper limb 

strength (kg) 

2.10 ± 4.51 3.50 ± 5.28 b 0.10 ± 3.78 0.55 ± 3.32 0.38 0.29 0.04 c 0.70 0.99 0.00 

Left upper limb 

strength (kg) 

1.10 ± 4.35 2.75 ± 4.90 a 0.15 ± 4.96 1.45 ± 3.65 0.71 0.13 0.35 0.31 0.85 0.06 

Balance (cm) 2.95 ± 4.95 2.92 ± 5.30 1.74 ±4.88 2.21 ± 5.08 0.74 0.11 0.44 0.26 0.65 0.16 

Walking endurance 

(metre) 

33.07 ± 41.92 61.17 ±59.47 a 22.74 ± 43.66 43.71 ±41.88 a 0.32 0.33 0.17 0.46 0.66 0.14 

Note. Values are mean ± SD or p values; W6 = week 6; W12 = week12 
a denotes a significant difference at p < 0.05 level when compared with 6 weeks of training (within group) 
b denotes a significant difference at p < 0.05 level when compared with control group (between-group) 
c denotes a significant difference at p < 0.05 level using MANOVA after adjustment for baseline 
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Table 5.4: Odds ratio of physical fitness outcomes in the intervention and control groups at 

week 6 

 

An improvement in 

scores 

Intervention 

(n = 20) 

Control 

(n = 20) 

  

N (%) N (%) Odds Ratio (95%CI) p value 

Lower limb strength    

2.45 

(0.64 to 9.39) 

 

 

0.19 

     Yes  15 (75%) 11 (55%) 

     No 5 (25%) 9 (45%) 

Right upper limb 

strength  

   

 

2.33 

(0.64 to 8.54) 

 

 

0.20      Yes  10 (50%) 6 (30%) 

     No 10 (50%) 14 (70%) 

Left upper limb 

strength  

   

 

2.45 

(0.64 to 9.39) 

 

 

0.19      Yes  9 (45%) 5 (25%) 

     No 11 (55%) 15 (75%) 

Balance     

1.50 

(0.43 to 5.25) 

 

 

0.53 

     Yes  12 (60%) 10 (50%) 

     No 8 (40%) 10 (50%) 

Walking endurance    

1.91 

(0.52 to 7.00) 

 

 

0.33 

     Yes  14 (70%) 11 (55%) 

     No 6 (30%) 9 (45%) 
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Table 5.5: Odds ratio of physical fitness outcomes in the intervention and control groups at 

week 12 

 

An improvement in 

scores 

Intervention 

(n = 20) 

Control 

(n = 20) 

  

N (%) N (%) Odds Ratio (95%CI) p value 

Lower limb strength    

1.00 

(0.24 to 4.18) 

 

 

1.00 

     Yes  15 (75%) 15 (75%) 

     No 5 (25%) 5 (25%) 

Right upper limb 

strength  

   

 

3.50 

(0.94 to 12.97) 

 

 

0.06      Yes  12 (60%) 6 (30%) 

     No 8 (40%) 14 (40%) 

Left upper limb 

strength  

   

 

1.22 

(0.35 to 4.24) 

 

 

0.75      Yes  11 (55%) 10 (50%) 

     No 9 (45%) 10 (50%) 

Balance     

0.44 

(0.12 to 1.57) 

 

 

0.21 

     Yes  9 (45%) 13 (65%) 

     No 11 (55%) 7 (35%) 

Walking endurance    

0.78 

(0.19 to 3.13) 

 

 

0.72 

     Yes  14 (70%) 15 (75%) 

     No 6 (30%) 5 (25%) 
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5.2.4 Psychological wellbeing and pain outcomes 

The mean and standard deviations of the change scores for psychological outcomes and pain 

are presented in Table 5.6. The odds ratio of psychological wellbeing and pain outcomes in 

the intervention and control groups at week 6 and week 12 are presented in Table 5.7 and 

Table 5.8, respectively. Figure 5.7 shows the changes in measures of stress, depression, 

anxiety, and pain at week 6 and week 12 during the 12-week intervention period.  

 

Figure 5.7: Mean changes in stress, depression, anxiety, and pain scores at week 6 and 12 

Note: Change scores of week 6 = scores of week 6 – scores of baseline; change scores of 

week 12 = scores of week 12 – scores of baseline 

Stress  

No significant group (p = 0.23), time (p = 0.74) and time by group interaction (p = 0.79) 

effects were found in change scores of stress despite a small to moderate clinical group effect 

(i.e., Cohen’s d = 0.4) being detected. Odds ratio estimation, however, indicated that 
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participants who practised Tai Chi combined with Thera-band training were 2.79 times more 

likely to have a reduction in their stress scores than participants who partake in Tai Chi 

exercise only at week 6 (CI 95% 0.77-10.04), with 60% and 35% reduction in the Tai Chi 

combined with Thera-band training and Tai Chi groups, respectively. The stress reduction 

rate was also higher in the intervention group (70%) than in the control group (55%) at week 

12, with an odds ratio of 1.91 (CI 95% 0.17-2.38). 

Depression  

There were also no significant group (p = 0.28), time (p = 0.72) and time by group interaction 

(p = 0.98) effects in change scores of depression despite a small to moderate clinical group 

effect (i.e., Cohen’s d = 0.36) being detected. Odds ratio estimation showed that participants 

who practised Tai Chi combined with Thera-band training were 1.24 times more likely to 

have a reduction in their depression scores than participants who partake in Tai Chi exercise 

only at week 6 (CI 95% 0.34-4.46), with a respective 40% and 35% reduction in the Tai Chi 

combined with Thera-band training and Tai Chi groups. Contrary to these findings, however, 

the depression reduction rate was smaller in the intervention group (60%) than in the control 

group (70%) at week 12, with an odds ratio of 0.64 (CI 95% 0.17-2.38).  

Anxiety  

Only a significant time by group interaction (p = 0.04) was found in change scores of anxiety. 

Post hoc analyses revealed that the anxiety scores of participants in the intervention group 

had a greater significant reduction (p = 0.03, CI 0.09 to 1.61) in week 12 (M = -1.65; SD = 

2.91) when compared to week 6 (M = -0.80; SD = 2.19) while there was no significant change 

detected for participants in the control group over time (p = 0.52, CI -1.05 to 0.55). 
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Nevertheless, for the control group, inspection of the means revealed that the reduction of 

anxiety in participants was slightly higher in week 6 (M = -1.05; SD = 1.85) compared to 

week 12 (M = -0.80; SD = 1.99). The anxiety reduction rate was smaller in the Tai Chi 

combined with Thera-band training group than in the Tai Chi group, with an odds ratio of 

0.64 (CI 95% 0.17-2.38) at week 6, and 0.81 (CI 95% 0.22-2.91) at week 12. 

Pain 

Significant time by group interaction (p = 0.02) was found in the change scores of pain. Post 

hoc analyses revealed that the pain level of participants in the intervention group had a greater 

significant reduction (p = 0.03, CI 0.06 to 0.84) in week 12 (M = -0.45; SD = 1.10) when 

compared to week 6 (M = 0.00; SD = 1.03) while there was no significant changes detected 

for participants in the control group over time (p = 0.42, CI -0.53 to 0.23). Again, for the 

control group, inspection of the means revealed that the reduction of pain level in participants 

was slightly higher in week 6 (M = 0.00; SD = 0.80) compared to week 12 (M = 0.15; SD = 

1.23). Odds ratio estimation revealed that participants who practised Tai Chi combined with 

Thera-band training had the same reduction rate in their pain scores than participants who 

partake in Tai Chi exercise only at week 6 (CI 95% 0.21-4.71), with a 20% reduction in both 

the Tai Chi combined with Thera-band training and Tai Chi groups. The pain reduction rate 

was higher in the intervention group (40%) than in the control group (25%) at week 12, with 

an odds ratio of 2.00 (CI 95% 0.52-7.72). 
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Table 5.6: Changes in psychological wellbeing and pain during the 12-week intervention (ITT analyses)  

 

 

Variables 

Intervention group (n = 20) Control group (n = 20) Group × Time 

interaction 

Group effect Time effect 

Change score 

at W6 

Change score 

at W12 

Change score 

at W6 

Change score 

at W12 

p  Effect 

size 

p Effect 

size 

p Effect 

size 

Stress  -2.15 ± 4.88 -4.10 ± 5.52 a -0.35 ± 5.25 -2.80 ± 5.26 a 0.79 0.09 0.23 0.40 0.74 0.11 

Depression  -1.10 ± 2.53 -2.30 ± 3.88  -0.35 ±2.18 -1.65 ± 2.18 a 0.98 0.00 0.28 0.36 0.72 0.11 

Anxiety  -0.80 ± 2.19 -1.65 ± 2.91 a -1.05 ± 1.85 -0.80 ± 1.99 0.04 c 0.69 0.52 0.21 0.92 0.00 

Pain  0.00 ± 1.03 -0.45 ± 1.10 a 0.00 ± 0.80 0.15 ± 1.23 0.02 c 0.78 0.32 0.33 0.84 0.06 

Note. Values are mean ± SD or p values; W6 = week 6; W12 = week12 

a denotes a significant difference at p < 0.05 level when compared with 6-weeks of training (within group) 

c denotes a significant difference at p < 0.05 level using MANOVA after adjustment for baseline 
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Table 5.7: Odds ratio of psychological wellbeing and pain in the intervention and control 

groups at week 6 

 

 

A reduction in scores 

Intervention 

(n = 20) 

Control 

(n = 20) 

  

N (%) N (%) Odds Ratio (95% 

CI) 

p value 

Stress    

2.79 

(0.77 to 10.04) 

 

 

0.12 

     Yes  12 (60%) 7 (35%) 

     No 8 (40%) 13 (65%) 

Depression     

1.24 

(0.34 to 4.46) 

 

 

0.74 

     Yes  8 (40%) 7 (35%) 

     No 12 (60%) 13 (65%) 

Anxiety     

0.64 

(0.17 to 2.38) 

 

 

0.51 

     Yes  6 (30%)  8 (40%) 

     No 14 (70%) 12 (60%) 

Pain     

1.00 

(0.21 to 4.71) 

 

 

1.00 

     Yes  4 (20%) 4 (20%) 

     No 16 (80%) 16 (80%) 
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Table 5.8: Odds ratio of psychological wellbeing and pain in the intervention and control 

groups at week 12 

 

 

A reduction in scores 

Intervention 

(n = 20) 

Control 

(n = 20) 

  

N (%) N (%) Odds Ratio (95% 

CI) 

p value 

Stress    

1.91 

(0.52 to 7.01) 

 

 

0.33 

     Yes  14 (70%) 11 (55%) 

     No 6 (30%) 9 (45%) 

Depression     

0.64 

(0.17 to 2.38) 

 

 

0.51 

     Yes  12 (60%) 14 (70%) 

     No 8 (40%) 6 (30%) 

Anxiety     

0.81 

(0.22 to 2.91) 

 

 

0.74 

     Yes  7 (35%) 8 (40%) 

     No 13 (65%) 12 (60%) 

Pain     

2.00 

(0.52 to 7.72) 

 

 

0.31 

     Yes  8 (40%) 5 (25%) 

     No 12 (60%) 15 (75%) 
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5.2.5 Study feasibility  

Feasibility of recruitment and screening  

Two rounds of recruitment were conducted at Griffith University, Queensland, Australia. 

The first stage was between January 2017 and March 2017 at Nathan and Mount Gravatt 

campuses. Due to an initial below the expected recruitment rate, a second round of 

recruitment was conducted between May 2017 and June 2017 at the Gold Coast campus. 

Reflections on the recruitment approach indicated that recruitment by email request is more 

effective than by individual invitation via the distribution of flyers, which was costly and 

time-consuming. It was also difficult to determine whether people met the age criteria based 

on appearance, making it difficult to find potential participants when distributing small sized 

flyers individually.  

Forty-two participants were recruited, with three participants recruited by the 

recommendation of participants who had finished the first-round programme, five 

participants by individual invitation, six participants by the online registration form, five 

participants by posted flyers around the campuses, and 23 participants by email invitation 

sent from the Griffith University Deputy Vice Chancellor (Administration), Dean Academic 

(Griffith Health), and various school secretaries. 

During the first round of recruitment, emails were received from 43 university staff 

to express their interest in joining the study. Signed consent was received by email from 15 

university staff while no consent was received from the remaining university staff who 

expressed interest. Reasons for this were mainly due to existing workload and scheduled 

family activities, which prevented them from attending three sessions per week for 12 weeks. 
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A further five participants signed the consent form and returned it to the researcher (MQ) in 

person after being individually invited.  

During the second round of recruitment, the same recruitment strategy was adopted 

except that the researcher (MQ) went to the Gold Coast campus to recruit participants 

individually via the distribution of flyers once a week due to the long commuting distance. 

Participants who finished the study intervention at Nathan and Mount Gravatt campuses 

promoted this study to their colleagues working at the Gold Coast campus. Three participants 

consented to the study following recommendations from their colleagues. Online registration 

forms were received from 16 university staff to express their interest in joining the study, 

with seven people attending the subsequent information session. Six participants signed a 

consent form and returned it to the researcher (MQ) in person during the information session. 

A further 40 university staff expressed their interest in joining the study. Signed consent 

forms were received by email from 13 university staff. Similar reasons, as reported earlier, 

were given by interested university staff who were not able to join the study. 

According to Griffith University Statistics, 2,050 office workers over 55 years were 

informed of this study, including 1,008 full-time and 1,042 casual staff. Forty-two older 

office workers consented to participate in the study, with 20 participants at Nathan and Mount 

Gravatt campuses, and 22 participants at the Gold Coast campus. This represented a low 

response rate of 2.0%. Following the eligibility assessment, one person did not meet the 

inclusion criteria and was informed by email that she was not eligible to partake in the study. 

The reason for exclusion was that the person engaged in more than 60 minutes of moderate 

physical activity per week. Forty-one older office workers met the inclusion criteria and were 

invited to continue participation in the study. Of these, one person declined to complete the 
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baseline assessments for unknown reasons. As a result, 40 eligible participants completed the 

baseline measurement assessments and were randomly allocated to either the intervention or 

the control group, with 20 participants in each group. 

Feasibility of retention 

A total of nine (22.5%) out of the 40 participants who commenced the study withdrew their 

participation during the study, with five from the intervention group and four from the control 

group. Four participants dropped out after the two-week learning stage, with reasons 

including confusion over session rooms (n = 1), knee issues (n = 2) and no response (n = 1). 

Two participants dropped out at the end of week 2 citing back issues (n = 1) and the flu (n = 

1). One participant dropped out at the end of week 3 with no reason provided. A further two 

participants dropped out at the end of week 3 and week 4 due to time conflicts. The time 

conflict was mainly due to the change of their work location and the variation of their 

scheduled lecture times. The remaining 31 participants completed the study, reflecting a final 

participant retention and completion rate of 77.5%. 

Feasibility of data collection 

One participant did not complete the baseline data collection after returning the signed 

consent form. Forty out of the 41 eligible participants (97.6%) completed the baseline 

demographic outcomes assessment. Following attrition, all 31 remaining participants 

completed the outcome assessment at the end of week 6 and week 12. No missing data were 

recorded for physical fitness, psychological wellbeing, and pain outcomes. At week 6, three 

participants in the control group and four participants in the intervention group were late to 

the physical fitness assessment session. Alternative days and times were arranged to collect 
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the measurements. At week 12, six participants completed the physical fitness assessment at 

another scheduled time (i.e., two participants in the control group, and four participants in 

the intervention group). Reasons included time conflict and change of job location. The 

logistics involved for physical fitness assessment were complex. The data collection room 

was booked in advance with specific requirements that the room had to accommodate a 

minimum of 100 people and be longer than 60 feet. No chairs and tables in the room were 

preferred. At the baseline data collection, participants were unfamiliar with the fitness 

assessments. It took longer to complete each type of fitness assessment compared to that at 

week 6 and week 12. At week 6 and week 12, during fitness assessment, participants were 

observed to be distracted by others whom they met during the study intervention or by others 

who were talking while waiting for their fitness assessment. Participants had to be reminded 

not to converse with each other and to be quiet when other participants were undertaking 

their fitness assessments. 

The online survey assessment of psychological wellbeing and pain was relatively 

easier to administer compared to the physical fitness assessment. Participants were asked to 

complete and submit the survey online at any time within three days (i.e., at the end of week 

6 and week 12). After the reminder emails were sent to potential participants, all participants 

completed the online survey within three days of receiving the first original email with the 

online survey website link.  
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Feasibility of implementation of sessions 

Round 1: Between 06/03/2017 and 09/06/2017 

In round one of the pilot study, the intervention was conducted at both Nathan and Mount 

Gravatt campuses. Sessions were conducted before 1pm every Monday, Tuesday, and Friday, 

and between 3pm and 6pm every Wednesday and Thursday at Nathan campus. Other sessions 

were implemented between 3pm and 6pm every Monday, Tuesday and Friday, and before 1 

pm every Wednesday and Thursday at Mount Gravatt campus. There was a two-hour break 

between 1pm and 3pm for the Tai chi training instructor to have lunch and relocate from one 

campus to the other.  

Tai Chi combined with Thera-band training sessions were not implemented on three 

days during the study intervention period due to public holidays on 14th April (week 4), 17th 

April (week 5), and 1st May (week 7). Similarly, three Tai Chi sessions were not conducted 

in the control group because of an official university closure due to severe weather on 30th 

March (week 2), and public holidays on 14th April (week 4) and 25th April (week 6). 

Participants did not attend either Tai Chi combined with Thera-band training or Tai Chi 

sessions on these days. As described in the methods chapter, 34 sessions per participant 

should have been conducted in both the intervention and control group over the 12-week 

period. Therefore, the sessions implementation rate in round one was 91.2% in both the 

intervention and control groups (n = 31). All the sessions were conducted by the same 

training instructor (MQ). 
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Round 2: Between 03/07/2017 and 05/10/2017 

In round two of the pilot study, the intervention was conducted at the Gold Coast campus 

from Monday to Thursday. In line with round one, eight sessions of each intervention were 

prepared. Unlike round one, there were no public holidays or unexpected events that affected 

the scheduled sessions. All the sessions were conducted by the same training instructor (MQ). 

Therefore, the sessions’ implementation rate in round two was 100% in both the intervention 

and control groups. 

The final implementation rate for conducting the scheduled Tai Chi combined with 

Thera-band training and Tai Chi sessions in both rounds was high at 95.6% across the 12-

week period. There was no difference in the number of sessions conducted between the two 

groups.  

Feasibility of participant attendance  

Session attendance was recorded for the 12-week intervention. At the beginning of each 

session, participants had to sign their names on an attendance sheet. Participants who could 

not attend a session were asked to complete a session at home or in the workplace and provide 

a record of this make-up session. Taking both the session attendance and the self-make-up 

sessions into consideration, an overall average attendance rate of 66.7% was recorded across 

the 40 participants, with 64.3% in the intervention group and 69.1% in the control group. 

When attrition is taken into consideration, the average attendance rate for the 31 participants 

was 85.2%, with 85.7% in the control group, and 84.7% in the intervention group. 

Participants were reminded to advise the researcher (MQ) by email if they were unable to 

attend a session and to provide a reason for their non-attendance. Similar reasons for non-
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attendance were given by participants in both groups. These included workload, family issues 

and time conflicts.  

Participants’ evaluation 

Although there were no qualitative interview data collected in this study, participants’ oral 

and written evaluations were found to include important information relating to participants’ 

perceptions towards the programme and acceptability of the programme. All remaining 31 

participants expressed their interest and desire to continue with the Tai Chi or Tai Chi 

combined with Thera-band training exercise verbally or by email at the end of the 

intervention. There were no complaints received for the session time, the training instructor, 

session implementation, or data collection. One participant at Nathan campus reported, after 

data collection, that her ongoing back issue might have affected her physical fitness 

assessment scores at week 6. Another participant at the Gold Coast campus also informed 

the researcher (MQ) that she was feeling stressed when completing the online survey in week 

6. This was due to personal relationship issues and not because of the Tai Chi combined with 

Thera-band training exercise, which she loved to practice three times per week.  

Of the nine participants who could not continue the intervention, one participant in the Tai 

Chi combined with Thera-band training group sent the researcher (MQ) an email to indicate 

that his withdrawal was due to a chronic back issue. He stated that practising Tai Chi did not 

cause or aggravate his back injury. He also showed his interest in practising Tai Chi. Another 

three participants in the Tai Chi group emailed the researcher (MQ) to convey their 

enjoyment when practising Tai Chi, and they expressed their regret at having to withdraw 

from the study due to workload issues.  
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5.3 Summary of the chapter  

This section has described the methodology used to investigate the effects of Tai Chi, and 

Tai Chi combined with Thera-band training on physical fitness, psychological wellbeing, and 

pain in older sedentary office workers. Besides justifying the study design (i.e., a pilot RCT), 

specific eligibility criteria of participants were also listed. Details regarding participants’ 

recruitment, research setting, and the interventions were provided. A discussion of the data 

collection and analysis processes as well as ethics considerations were also included in this 

section.  

This study reported a low recruitment rate due to various reasons, for example, personal and 

work-related time conflicts. The group email recruitment methods were more efficient 

compared with the individual email invitation and flyer distribution. Participants’ retention 

rate was high with a higher attendance rate found in the control group compared to the 

intervention group. The online survey of the psychological wellbeing and pain outcomes was 

easy to implement. Data collection of the physical fitness outcomes was more challenging 

than the online survey. Participants’ informal feedback and comments received throughout 

and following the intervention provide further insight into the feasibility of the intervention 

and its outcomes. 

The results from the outcome measurements indicate that there was a significant decrease in 

levels of anxiety and pain at 12 weeks when compared to 6 weeks in the Tai Chi combined 

with Thera-band training intervention group. Odds ratio estimation did suggest that 

participants were more likely to report reduced levels of stress and less depressive 

symptomatology in the intervention group compared with the control group at week 6. 
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Similarly, lower stress scores were more likely to be found in participants from the 

intervention group than the control group at week 12.  

Significant differences between groups were found in the Tai Chi combined with Thera-band 

training group for the outcome measurements of lower limb strength and right upper limb 

strength. Tai Chi combined with Thera-band training exercise significantly improved 

participants’ lower limb strength at week 6 and week 12 when compared with the Tai Chi 

exercise. Significant improvement of right upper limb strength was found in the participants 

in the Tai Chi combined with Thera-band training group at week 12 when compared with 

that of the Tai Chi group. In addition, odds ratio estimation did suggest participants in the 

intervention group were more likely to show improvement of left upper limb strength, 

balance, and walking endurance compared with the control group at week 6. Likewise, 

participants in the intervention group were more likely to show improvement in left upper 

limb strength than the control group at week 12. These findings and their implications are 

discussed in the following chapter.  
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Chapter 6 Discussion 

This study investigated physical activity participation, psychological wellbeing, and pain in 

older (≥ 55 years) office workers through an online survey. The survey was followed by a 

pilot randomised controlled trial (RCT) to examine the feasibility and acceptability of a Tai 

Chi combined with Thera-band training programme in older (≥ 55 years) sedentary office 

workers. The pilot RCT also examined the effectiveness of the Tai Chi combined with Thera-

band training programme in improving physical fitness and psychological wellbeing, and 

reducing pain in older (≥ 55 years) sedentary office workers when compared with Tai Chi 

exercise only.  

The results of the online survey, study feasibility, and the findings of the Tai Chi 

combined with Thera-band intervention have been previously presented in Chapters 4 and 5. 

As such, this chapter provides a discussion and interpretation of the research findings in 

relation to the literature for health promotion in the workplace. This chapter begins with a 

discussion of the online survey results. Feasibility of the pilot RCT study is then discussed, 

followed by a discussion on the findings of the Tai Chi combined with Thera-band training 

effects in relation to the study’s conceptual framework and relevant literature. Study strengths 

and limitations are then presented.  

6.1 Discussion of the online survey findings - research question one 

The primary purpose of the online survey was to investigate physical activity participation, 

psychological wellbeing, and pain in older office workers. Results of the online survey are, 

therefore, discussed firstly in relation to research question one: What are the levels of 

physical activity, stress, depression, anxiety, and pain in older office workers?  
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6.1.1 Physical activity participation in older office workers 

This is the first study to investigate physical activity participation in older (≥ 55 years) 

university office workers. The majority of older office workers in the current study reported 

moderate physical activity levels (53%). This finding is consistent with those of at least two 

other studies (Biernat, Tomaszewski, & Milde, 2010; Kuntapol, Chutima, Benjawan, & 

Supalak, 2017), which investigated physical activity participation in office workers, but not 

specifically older office workers. The IPAQ-SF was the physical activity measurement tool 

used in both studies. Biernat et al. (2010) found that on average 46% of office workers (i.e., 

civil workers, administrative workers, and bank office workers) in their study practised 

moderate physical activity. Almost 67% of the Mahidol University office workers in 

Thailand, in a cross-sectional survey conducted by Kuntapol et al. (2017), also practised 

moderate physical activity.  

Although the majority of older office workers in the current study reported moderate 

levels of physical activity, 27.3% reported low levels of physical activity. This finding is to 

some extent in accordance with results of previous studies, which found that approximately 

one quarter (24.5%) to nearly a half (42%) of office workers had low levels of physical 

activity (Clemes et al., 2014; Cooper & Barton, 2016; Puig-Ribera et al., 2015). These three 

studies included university office workers from Spain (Puig-Ribera et al., 2015) and the UK 

(Clemes et al., 2014; Cooper & Barton, 2016), although younger adults (between 18 and 65 

years of age) were included in the sample compared to the current study’s older demographic. 

Findings from the current study and previous research suggest that there is a need to increase 

activity in these populations.  
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There are several potential factors that may contribute to insufficient physical activity 

in office workers. Previous studies have indicated that increases in sitting time reduce 

physical activity participation (Dunlop et al., 2015; Keadle, Conroy, Buman, Dunstan, & 

Matthews, 2017). The current online survey also found that there was a significant 

association between physical activity participation and sitting time (average 7.5 hours per 

day on weekdays). The demonstrated relationship between prolonged sitting time and lower 

levels of physical activity highlights the importance of focusing on interventions that reduce 

sitting time among older sedentary office workers. In addition, these findings support the 

premise of active workstations (e.g., cycling workstation, treadmill workstation) to 

encourage office workers to engage in physical activity during work hours (Elmer & Martin, 

2014; Torbeyns, Bailey, Bos, & Meeusen, 2014). Previous researchers have also indicated 

that the prevalence of low levels of physical activity in office workers (mean age at almost 

40 years) may be a result of a lack of time and motivation, low awareness of beneficial effects 

of physical activity, and insufficient promotion of the importance of a healthy lifestyle 

(Biernat et al., 2010; Clemes et al., 2014; Cooper & Barton, 2016; Kuntapol et al., 2017). It 

is, therefore, important to consider these features in the design of activity interventions. 

6.1.2 Psychological wellbeing in older office workers  

The high percentage of symptoms of depression (25.8%) and anxiety (12.1%) reported in the 

current survey are of concern, as it is higher than the national data that indicates between 

10% and 15% of older people experience depression, and about 10% experience anxiety 

(Black Dog Institute, 2012). However, this result is consistent with the finding that 21% of 

employees in Australia suffer from depression and anxiety (TNS, 2014). McTernan, Dollard, 

and LaMontagne (2013) reported that the annual work-related cost of depression was $8 
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billion per annum in Australia. A recent retrospective observational study using pooled data 

from the US found that depression resulted in significantly higher health care utilisation and 

total health care costs (Gangan & Yang, 2018). It is, therefore, imperative that psychological 

wellbeing (i.e., depression and anxiety) receives continual attention in the workplace. 

Increasing activity is one means to effectively manage these conditions (Joshi et al., 2016; 

Poelke et al., 2016; Rueggeberg et al., 2012). 

This study revealed positive associations between stress, depression, and anxiety 

within the study demographics. Such findings are consistent with previous studies which 

found work-related stress to be associated with depression and anxiety in middle-aged and 

older workers (Fan et al., 2015; Siegrist et al., 2012). Issever et al. (2008) also indicated 

significant positive associations between depression and anxiety in older office workers. 

These observations suggest that stress, depression, and anxiety need to be considered jointly 

in developing interventions designed to improve psychological wellbeing. 

There was no relationship found between physical activity participation and levels of 

stress, depression, and anxiety. This finding is not consistent with previous studies that 

demonstrate an association between physical activity and psychological wellbeing (Cooper 

& Barton, 2016; Jonsdottir, Rödjer, Hadzibajramovic, Börjesson, & Ahlborg, 2010; Joshi et 

al., 2016; Poelke et al., 2016; Rueggeberg et al., 2012). This may be related to the small 

sample size in the current study. Simmons (2018) demonstrated that small sample sizes in an 

online survey get increasingly further away from the entire population, which will lead to 

voluntary response bias. However, recruitment for the online survey was challenging and the 

focus on older workers (≥ 55 years) meant a smaller proportion of available participants at 

the single university where the survey took place.  
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Furthermore, the non-significant association between physical activity participation 

and psychological wellbeing and pain disorders might be attributed to or exemplify different 

study participant characteristics. Participants in the study conducted by Jonsdottir et al. 

(2010) had an average age of 47 years, and were aged 18 years or older in the study conducted 

by Cooper and Barton (2016). The current study recruited office workers aged 55 years and 

older. Older office workers may experience higher levels of stress, depression, and anxiety 

symptoms compared to younger office workers because of what is suggested as a hidden age 

discrimination (O'Loughlin et al., 2017). Age discrimination has been shown to be positively 

related to poorer psychological health, including stress (Gonzales, Marchiondo, Ran, Brown, 

& Goettge, 2015), depression (Brouwers et al., 2016), and anxiety (Macdonald & Levy, 

2016) in the workplace. Thus, although older office workers may be participating in moderate 

or high levels of physical activity, their severity of depression, and anxiety may be high 

because of the age-related discrimination.  

It was interesting that the education levels in this online survey were found to have a 

significant influence on levels of stress and depression, reporting that participants with a 

bachelor or postgraduate degree had lower levels of stress and less depressive 

symptomatology than those with only a high school certificate. This suggests that education 

levels play an important role in managing symptoms of stress and depression. This finding is 

supported by Gardner and Oswald (2002), who reported that high levels of education 

contributed to lower levels of psychological stress later in life, as educated people have more 

choices in organising their lives. Furthermore, less skilled office workers are more likely to 

experience psychological issues because of their limited computer skills or academic 

knowledge (Frey & Osborne, 2017). The online survey, and previous research (Frey & 
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Osborne, 2017; Gardner & Oswald, 2002), provide evidence that educational experience 

might effectively help older office workers to manage and control their psychological health.  

6.1.3 Pain in older office workers 

The current study reported that the most common types of physical pain for older office 

workers are neck pain (48.5%), lower back pain (42.4%), and headache (43.9%). Indeed, 

neck pain and lower back pain were also the most prevalent areas of pain in office workers 

in Australia as well as other countries (Chen, Liu, Cook, Bass, & Lo, 2009; Johnston, Jull, 

Souvlis, & Jimmieson, 2008; Johnston, Souvlis, Jimmieson, & Jull, 2008). However, this 

study additionally detected a high proportion of headache among older office workers. This 

is supported by the work of de Magalhães Rios et al. (2009) who claimed that headache was 

highly prevalent in office workers. Long periods of computer usage has been suggested to be 

a potential risk factor in developing a headache during work hours (Kolawole, Iyanda, & 

Isawumi, 2017; Mashige, 2014). Furthermore, Mashige (2014) indicated that headaches 

associated with computer users usually result from inappropriate work habits. In addition, a 

headache is more likely to co-exist with neck and shoulder pain in older adults than in 

younger adults (Huber, Lisinski, & Polowczyk, 2013; Mashige, 2014) and may explain the 

high proportion of headache in the current population.  

No significant association was found between pain and other psychological variables, 

which is not consistent with previous studies that indicate an association between workplace 

psychological issues and pain levels (Hong et al., 2015; Phyomaung et al., 2014; Vargas-

Prada et al., 2013). Once again, the discordance in findings could be related to the small 

sample size of the current survey. There was a larger sample size in the study conducted by 
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Hong et al. (2015) and Vargas-Prada et al. (2013), with 971 and 1368 participants, 

respectively. A sample of 66 eligible participants in this study makes it difficult to find 

significant relationships from the data, as statistical tests normally require a larger sample 

size to ensure a representative distribution of the population.  

6.1.4 Summary of research question one  

In relation to research question one, it can be concluded that depression and anxiety play a 

significant role in the health of older office workers. Work-related stress is also another 

important psychological issue to be considered. Most of the older office workers reported 

neck pain, lower back pain, and headache. In addition, the fact that many older office workers 

in the current survey reported low levels of physical activity suggests that more attention 

should be paid to increasing their participation.  

The small sample size in the online survey might have limited the representativeness 

of the study outcomes. However, in spite of the small sample, this research provides 

important insights into health status, especially the association between education level and 

psychological wellbeing. Additionally, older office workers who reported lower physical 

activity levels had longer sitting times.  

6.2 Discussion of the study feasibility findings – research question two 

The primary focus of the pilot RCT study was the feasibility of methodological procedures 

and the Tai Chi combined with Thera-band training programme protocol. Feasibility issues 

are discussed in relation to research question two: Is the Tai Chi combined with Thera-band 
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training programme feasible for older sedentary office workers in terms of recruitment, 

retention, data collection, and adherence? 

6.2.1 Feasibility of participant recruitment and retention 

The pilot RCT study demonstrated a recruitment rate of 2.0% during the recruitment process, 

with 42 of 2,050 potential participants recruited. This finding was to some extent in 

accordance with the results of other physical activity intervention studies in similar settings 

(Rowland et al., 2018; Tamim et al., 2009). For example, a feasibility study, investigating a 

physical activity intervention for female employees in a health system with almost 3,500 

employees also reported a recruitment rate of approximately 2.0% (Rowland et al., 2018). 

However, the recruitment rate of the current pilot RCT study was much lower than that of 

health promotion intervention studies in other workplace settings (e.g., health agency, 

research organisation, and company), where the rates were generally higher than 14% 

(Alkhajah et al., 2012; Chau et al., 2014; Dalager et al., 2017; King et al., 2013; O'Dolan, 

Grant, Lawrence, & Dall, 2018). For example, O'Dolan et al. (2018) conducted a feasibility 

study to explore the impact of an educational intervention in reducing sedentary behaviour 

in office workers. Twenty-one participants were recruited after 150 email requests were sent 

to potential participants, representing a response rate of 14%. Dalager et al. (2017) invited 

1,343 office workers from six different companies in Denmark, and reported a recruitment 

rate of 28.8%, with 387 of 1,347 participating in a tailored exercise training. Based on the 

current study’s findings, the recruitment rate in health promotion studies regarding university 

settings seems lower than in studies in smaller health or research agencies.  
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Apart from the low recruitment rate, there was a concern about the slow progress of 

participant recruitment. It was noted that only 20 participants were recruited during the first 

two months and the whole recruitment took four months. Studies have indicated that there 

are a number of factors that are associated with participant recruitment in clinical studies 

(Bower et al., 2014; Huang et al., 2018). Two potential factors might have affected this study 

recruitment: participant perception and intervention protocol. In terms of participant 

perception, perceived health status has been shown to hold a positive association with 

participation in physical activity (i.e., resistance training) (Rhodes, Lubans, Karunamuni, 

Kennedy, & Plotnikoff, 2017). As indicated in Chapter 2, older office workers suffer from 

severity of stress, depression, anxiety, and pain. Therefore, the prevalence of psychological 

issues and pain among older office workers might be important factors to decrease the 

recruitment progress of this current study. In addition, it has been indicated that participants 

are more likely to consider participation in a study if they have a good perception of the 

potential treatment effects, while they are more likely to refuse to join a study if they are 

more concerned about the potential risks of the treatment and time issues associated with 

their participation (Choi, Lee, Lee, Kang, & Choi, 2017). The information sheet, in this 

current pilot RCT study, included the potential benefits and risks of the treatment. The 

proposed study schedule was explained to potential participants by email during the 

recruitment phase to address participants’ concerns regarding the time requirements for 

participation in the study. These could be viewed as positive factors in facilitating participant 

recruitment and participation in the current pilot RCT study.  

From the perspective of intervention protocol, it was indicated that the site selection 

and the recruitment methods were important elements in recruitment (Huang et al., 2018). 
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All exercise sessions were conducted near participants’ workplace and this was indicated in 

the information sheet. In addition, there were various ways of providing potential participants 

with study information, including email invitations, posters, person-to-person flyer 

distribution, and promotion as part of the university wellness programme. Furthermore, Chau 

et al. (2014) suggested that treating a study as part of a workplace wellness programme might 

be an effective way to recruit enough participants in a short time period. This appeared to be 

the case for this pilot RCT study when it was promoted via an email sent to Health Group 

staff by the Dean of Health (Academic) as part of the university wellness programme. 

Following the email from the Dean of Health, potential participants might feel that they were 

being given permission to attend the study. Further to this, the Health Group is a respected 

and trusted institution in the university, and the internal email from the Dean of Health may 

gain access to individuals who are not familiar or trusting of similar physical interventions 

(Mendez-Luck et al., 2011). However, recruitment in the current pilot RCT study was still 

challenging.  

The challenges of recruitment were partially due to the different study settings. A 

university is much larger than a health agency (Chau et al., 2014) or a research centre (King 

et al., 2013), and with more than one campus, this made it more difficult to gather all 

university staff in one place. Additionally, although university email was the chosen primary 

method to inform older office workers of this study, it is difficult to determine the overall 

success of the email recruitment as advertisement reach (i.e., email open rate) is unknown 

(Vadeboncoeur, Foster, & Townsend, 2017). Choosing appropriate ways of providing 

potential participants with information about the study is, therefore, crucial during 

recruitment. Following up on potential interested participants, for example, via email, has 
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been considered to be an important and effective strategy to improve recruitment (Harris, 

Carey, Victor, Adams, & Cook, 2008; McCullagh, Sanon, & Cohen, 2014; Treweek et al., 

2013). However, email follow-up in this pilot RCT study was not an effective strategy in 

improving recruitment outcomes. This might also be potentially attributed to the unknown 

advertisement reach (i.e., email open rate) as indicated above. Further to this, Wong et al. 

(2013) have indicated that email follow-up for recruitment of participants in an interventional 

trial resulted in less enrollment compared to telephone follow-up.  

Although a low recruitment rate and slow recruitment process were identified in this 

study, there was a considerably high retention rate throughout the whole study process 

(77.5%), with only five participants dropping out from the Tai Chi combined with Thera-

band training group and four participants from the Tai Chi group. Six of the dropouts were 

due to time conflicts, and illness (e.g., joint pain and viral infections). Two participants did 

not give reasons for discontinuing participation in the study, and one participant withdrew 

from the study because of a confusion over session room bookings. The current study had a 

similar retention rate to other physical activity studies in the workplace, with 76.9% 

(Rowland et al., 2018), 63.2% (Choi, Song, & Ku, 2017), 78.6% (Palumbo et al., 2012), and 

77.1% (Caputo et al., 2017). Although no study has investigated the effects of Tai Chi 

combined with resistance training in older sedentary office workers, a higher average 

retention rate of 85.9% was reported in studies regarding Tai Chi combined with resistance 

training intervention in older adults (Lin et al., 2015; Robitaille et al., 2005; Wang et al., 

2016; Wang et al., 2015; Zeng et al., 2015; Zhuang et al., 2014), from 72.8% (Zeng et al., 

2015) to 89.3% (Zhuang et al., 2014). Similar reasons for withdrawal were reported in these 

studies, including time conflicts and health problems.   
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Time conflicts were considered during the design of this study, thus, all exercise 

sessions were conducted before/after working hours, or during lunchtimes, to reduce 

potential inconvenience to the office workers. In addition, eight exercise sessions were 

provided every week for participants to choose from (three times per week). However, in 

spite of this flexibility, some participants could not continue to participate in the study due 

to work-related time pressures. Office workers had to do a variety of roles, including 

administrative assistance, customer service, and teaching. For example, the timing of student 

service activities is unpredictable so participants from this area would miss their scheduled 

session time if they could not finish the student service task on time. Moreover, participants 

may have been given additional teaching responsibilities, thereby reducing the time they had 

available. As a result, some participants found it was difficult to attend their allocated 

sessions three times per week for 12 weeks.  

Health problems were recorded to be one of the prevalent factors contributing to 

participant attrition. Of the nine participants who withdrew, exacerbation of older injuries 

was recorded for three participants during the exercise practice. The recorded back or knee 

issues were not suggested by participants to have been caused by the intervention exercise, 

as the three participants affected had experienced such problems for several years. Although 

the PAR-Q form was used pre-intervention to examine whether potential participants had 

bone or joint problems that could be worsened after participating in a different physical 

activity, it was difficult to ensure that all participants were honest in answering the 

assessment questions (Halevy, Shalvi, & Verschuere, 2014). Importantly, another reason for 

the withdrawals in the current study was in relation to the allocated space to conduct the 

intervention protocol. Griffith University is a large university and has a wide range of 
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teaching rooms. However, it was not possible to reserve a single specific room for the 

implementation of physical activity for the duration of the study. Participants had to attend 

their scheduled sessions in different rooms each session, which caused some confusion 

during the trial. It is, therefore, important to consider these factors in the design of physical 

activity interventions in older office workers. 

6.2.2 Feasibility of data collection  

The participants’ acceptability of the study questionnaire was also assessed in this pilot RCT 

study. Findings indicated that there were no missing values for the physical fitness, 

psychological wellbeing, and pain outcomes at the middle (week 6) and post (week 12) 

interventions. One participant failed to complete the psychological wellbeing and pain 

questionnaire at baseline; thus, she was not included in the randomisation process. The 

psychological wellbeing and pain scales (i.e., PSS10, CES-D10, GAT, and VAS) were 

employed to measure the levels of stress, depression, anxiety, and pain using an online survey. 

The physical fitness measures (i.e., 30-second Chair Stand Test, Functional Reach Test, Grip 

Strength test, and 2-Minute Walk Test) were employed to measure muscle strength, balance, 

and endurance. Four trained volunteers assisted in completing the physical data collection. 

The collection of usable data in this current study was more successful than in previous 

studies in relation to workplace health promotion in sedentary workers and university 

employees, with a data collection rate from 59% to 86% reported (Arundell et al., 2018; 

Butler, Clark, Burlis, Castillo, & Racette, 2015; Chan, Ryan, & Tudor-Locke, 2004; Rowland 

et al., 2018).  
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One of the most likely reasons for the high data collection rate in this current study 

was attributed to the design of the data collection protocol. For the online survey, email 

reminders were sent to the participants who did not complete the survey by the second day 

after the original survey had been sent. Bower et al. (2014) have indicated that effective 

communication between the data collector and participants could assist with the retention of 

participants. An email reminder was one of the most effective communications used during 

data collection. The relative success of data collection in the online survey supports previous 

evidence that email reminders might be an effective method for successful online survey data 

collection (Fontaine et al., 2016). For the physical data collection, locations were familiar 

and non-threatening to participants, thereby reducing the likelihood of office workers 

refusing to participate in outcome collection due to fear. In addition, the use of the same room 

to collect physical data made it easier for participants to finish the evaluation in one closed 

space and reduced the potential for missing data. Although the paper-based physical data 

collection was complex because of participants’ time conflicts (Ebert et al., 2018), alternative 

days and rooms were arranged to maximise participants’ engagement in the physical data 

collection.  

The successful data collection of both psychological wellbeing and physical fitness 

values may also have been attributed to the use of incentives (i.e., towel and an exercise band) 

in this study. As indicated earlier, incentive strategies are an effective method to encourage 

potential participants to participate in a study. The incentive may also have supported 

participants’ cooperation in the data collection procedure. Studies have found that incentives 

are increasingly used to help motivate participants’ involvement in outcomes evaluation 

(Olsen, Abelsen, & Olsen, 2012; Singer & Couper, 2008). These two studies indicated that 
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both monetary and non-monetary incentives are effective in increasing participants’ 

acceptability of data collection, and they found that a scratch lottery ticket was one of the 

most effective strategies to increase the response rate of data collection. This current pilot 

RCT study demonstrated that non-monetary incentives perform well for improving data 

collection.  

6.2.3 Feasibility of participant adherence 

The participants’ adherence to the Tai Chi combined with Thera-band training intervention 

was examined to determine the feasibility of the study intervention protocol. The total 

number of exercise sessions was used to assess participants’ adherence to the study in both 

the Tai Chi combined with Thera-band training group and the Tai Chi exercise only group. 

Participants’ adherence in the two groups was further calculated after considering attrition. 

The pilot RCT study demonstrated an average rate of 66.7% among the 40 participants, with 

64.3% in the Tai Chi combined with Thera-band training group, and 69.1% in the Tai Chi 

exercise only group. When attrition is taken into consideration, the average attendance rate 

for the 31 remaining participants was 85.2%, with 85.7% in the Tai Chi exercise only group, 

and 84.7% in the Tai Chi combined with Thera-band training group. Reasons for non-

attendance in both groups included workload, time conflicts, and family issues. 

The participants’ adherence to the treatment protocol after considering attrition was 

deemed acceptable, and similar findings were also reported in other studies using Tai Chi or 

resistance training for health promotion in the workplace (Caputo et al., 2017; Palumbo et 

al., 2012). A pilot study, for example, reported an average attendance of 82% among older 

nurses who completed a Tai Chi intervention (Palumbo et al., 2012). Caputo et al. (2017) 
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examined the effects of resistance training on work-related chronic neck pain in video display 

unit workers in a university in Spain and found that the adherence to treatment was high and 

similar in both the intervention group (86%) and the control group (85%) among the 

participants who completed the treatment. Additionally, the current pilot RCT study reported 

a slightly higher attendance rate than another Tai Chi combined with resistance training 

intervention in older adults aged 60 years old (Robitaille et al., 2005), which reported an 

attendance rate of 78% for completed participants during the 12-week intervention. Further 

comparisons with other studies of the adherence of all eligible participants is difficult due to 

the scarcity of studies which actually report the adherence rate of all those who are eligible.  

The current literature has listed a number of potential factors that may promote or 

reduce participants’ adherence to a treatment intervention, and some of them are similar to 

those factors associated with participant recruitment. The most relevant factors in this pilot 

RCT study that should be considered are the intervention protocol and interaction between 

the Tai Chi training instructor and participants. From the perspective of the intervention 

protocol, one of the reasons for the comparably high attendance rate of participants was 

attributed to the home practice for which they presented a record to the instructor. In addition, 

the intervention sessions were conducted with flexible time options for participants (i.e., 

before or after working hours, and lunchtimes), which made it easier for participants to attend 

the sessions. Further to this, considering that older office workers might be busy with their 

jobs, there were eight scheduled sessions for participants to choose from (three sessions per 

week). Most importantly, the intervention sessions were implemented around participants’ 

workplaces, which means that it was easy for the participants to access the session location 

with no barriers related to city transport (Gargett & Gafney, 2006). From the perspective of 
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interaction, a good relationship between the Tai Chi training instructor and participants is 

also a crucial factor in enhancing adherence to the study intervention. Participants’ 

performances in practising Tai Chi were recorded in photographs, and the Tai Chi training 

instructor sent the photographs to each participant by email. Apart from the photographs, the 

Tai Chi training instructor regularly discussed with participants about their perceptions of 

Tai Chi.  

6.2.4 Summary of research question two 

In relation to research question two, it can be concluded that the current study reported a low 

recruitment rate (2.0%) and a slow recruitment process. The participant retention rate was 

acceptable, with an average of 77.5% in both groups. The data collection was comparably 

successful with no missing values for psychological wellbeing, pain, and physical fitness 

during the mid-intervention and the end of the intervention except for the single participant 

who refused to partake in baseline data collection and was, therefore, excluded from the study. 

Participant adherence to the intervention was similar to other relevant studies after 

considering attrition, with 84.7 % in the intervention group, and 85.7% in the control group. 

A multi-campus university setting appears to be more challenging than small health agencies 

for recruiting participants. Potential factors influencing study feasibility (i.e., recruitment, 

retention, data collection, and adherence) have been analysed from the aspects of participant 

perception, communication, and the intervention protocol.  

From the perspective of participants, poor personal psychological wellbeing and 

experienced pain might have contributed to the low response rate and the slow recruitment 

process. Surprisingly, recruitment of participants via email correspondence in a university 
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setting might not be as effective as originally anticipated. Treating the study as a workplace 

wellness programme appeared to be a more effective way to recruit enough participants in a 

short time period in a university setting. In terms of communication, email reminders were 

an effective communication strategy between the data collector and participants that 

contributed to successful data collection. However, it was ineffective in enhancing the 

recruitment of participants. Further to this, appropriate interactions between the Tai Chi 

training instructor and participants was effective in increasing participant adherence. 

However, different session rooms were used to conduct each session, and this was one of the 

factors reducing participant retention. However, the use of incentives (i.e., small gifts) have 

been shown to be effective for successful data collection in this pilot RCT study.  

6.3 Discussion of the Tai Chi combined with Thera-band training intervention 

findings – research question three 

Another focus of the pilot RCT study was the potential effects of a Tai Chi combined with 

Thera-band training programme on health promotion in older sedentary office workers. 

Findings of health outcomes are, therefore, discussed in relation to research question three: 

What is the effectiveness of Tai Chi combined with Thera-band training compared with Tai 

Chi exercise only for physical fitness (i.e., muscle strength, balance, and walking endurance), 

psychological wellbeing (i.e., stress, depression, and anxiety), and pain in older sedentary 

office workers? 

6.3.1 Effects of Tai Chi combined with Thera-band training on physical fitness 

Previous studies have demonstrated the effects of Tai Chi combined with resistance training 

on lower limb strength, upper limb strength, balance and walking endurance in older adults 
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(Lin et al., 2015; Wang et al., 2016; Zhuang et al., 2014). No studies have previously used 

Tai Chi combined with resistance training in older office workers. Studies that have had 

similar components to this pilot RCT study are discussed below.  

Muscle strength  

It was hypothesised that Tai Chi combined with Thera-band training could result in a 

significant improvement in lower limb and upper limb strength compared with Tai Chi 

exercise at the mid-time point of the intervention (week 6) and at the end of the intervention 

(week 12). This study revealed that the Tai Chi combined with Thera-band training could 

significantly improve both right upper limb and lower limb strength at week 6. It would also 

significantly improve lower limb strength at week 12.  

These findings are in line with previous research which concluded that Tai Chi 

combined with resistance training could significantly improve muscle strength in older adults 

(Lin et al., 2015; Su et al., 2015; Zhuang et al., 2014). Participants in the study conducted by 

Lin et al. (2015) manipulated a Thera-band held in their hands while performing 10 simple 

Tai Chi forms, which is a very similar approach to that used in the current pilot RCT study. 

The current pilot RCT study findings support the results of the study by Lin et al. (2015) that 

older adults showed significant development of upper limb strength after a 16-week Tai Chi 

combined with resistance training intervention, twice a week. In the studies conducted by 

Zhuang et al. (2014) and Su et al. (2015), the resistance training focused on strength training 

for lower extremities. In the current pilot RCT study, Thera-band training focused on upper 

limb muscle strength. The focus on different body regions between the studies might have 

partially contributed to the different effects. One of the most important reasons for the 
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significant improvement of lower limb strength in this pilot RCT study might be attributed 

to the neural adaptations in response to resistance training that allows participants to increase 

motor unit firing and better coordinate the activation of relevant muscles (Barry & Carson, 

2004). In addition, the effects of Tai Chi on lower limb strength might be due to the 

characteristics of Tai Chi movement, which consists of a series of slow, controlled 

movements involving turning, moving forward, shifting weight, bending, and arm 

movements. Su et al. (2015) also indicated that greater improvement in lower limb strength 

after the Tai Chi combined with resistance training might be due to the semi-squatting 

position and gentle isometric and isotonic movements during the practice of Tai Chi plus 

resistance training.  

The pilot RCT study also demonstrated that Tai Chi combined with Thera-band 

training could improve lower limb strength within 6 weeks, and the intervention time period 

was similar to other studies which have examined the effects of resistance training on muscle 

strength and have found significant results (Karabulut et al., 2010; Watanabe, Madarame, 

Ogasawara, Nakazato, & Ishii, 2014). Both of these two studies indicated a similar muscle 

strength improvement in older adults aged 50 years and older after a 6-week period of 

resistance training. Further to this, resistance training could improve lower limb strength of 

older adults within a longer period, for example, 12 weeks and 24 weeks, which has been 

indicated in Chapter 2. The current pilot RCT study findings also support the finding that 

resistance training can have positive effects on muscle strength within 12 weeks. 

Consequently, Tai Chi combined with resistance training warrants further testing to assess 

its short-term and long-term effects in future studies.  
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Importantly, although there was significant improvement in right upper limb strength after 

the 12-week Tai Chi combined with Thera-band training programme, no significant increase 

in left upper limb strength was observed. This is probably due to the fact that the majority of 

the participants (37 of 40) in the current pilot RCT study were right-handed. Arm strength 

interventions have indicated that right-handed people could significantly increase right-arm 

strength compared to the non-dominant hand (Incel, Ceceli, Durukan, Erdem, & 

Yorgancioglu, 2002). Noguchi, Demura, and Aoki (2009) also indicated that dominant hand 

can control force better than the non-dominant hand. The current pilot RCT study applied 

Thera-band exercise targeting upper limb strength, which directly causes the increased 

muscle activation and motor unit firing during resistance training and may contribute to a 

stronger right arm compared with the left arm. 

Balance and endurance  

Although a higher percentage of participants in the Tai Chi combined with Thera-band 

training group had a measurable improvement in balance and walking endurance compared 

with those in the Tai Chi group at week 6, no significant differences between the groups were 

found in the current pilot RCT study. Therefore, it is not conclusive that Tai Chi combined 

with Thera-band training is more effective than Tai Chi exercise alone in improving the 

balance and walking endurance of older sedentary office workers. Previous studies have 

examined the effects of Tai Chi combined with resistance training in older adults and found 

that this treatment could further improve older adults’ balance and endurance (Lin et al., 

2015; Zeng et al., 2015; Zhuang et al., 2014). Further to this, resistance training may be able 

to improve older adults’ balance and walking endurance through an increase in muscle 

strength and neuromuscular capacity (Orr et al., 2008; Parmenter et al., 2013; Shim, Harr, & 
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Waller, 2018). However, the data in this current pilot RCT study did not reveal any 

significant effects of Tai Chi combined with Thera-band training on balance and endurance, 

and several potential reasons may explain these findings.  

The different results might be due to the choice of outcome measurement and its 

sensitivity to change in the study demographic, as significant balance improvement was 

found for the Timed Up and Go Test, but not for the Functional Reach Test in the study 

conducted by Zhuang et al. (2014). Lin et al. (2015) and Zeng et al. (2015) also found 

significant balance improvement using the Timed Up and Go Test. Goodgold, Kiami, Ule, 

Schoenberg, and Forman (2001) examined the applicability of the Timed Up and Go test and 

Functional Research Test in an older population with Alzheimer’s disease and found the 

Timed Up and Go Test was relatively easy to administer and to instruct than the Functional 

Reach Test. This study also concluded that the Timed Up and Go Test may be better than the 

Functional Research Test to evaluate older adults’ balance conditions. Another possible 

reason for the non-significant balance improvement in the Tai Chi combined with Thera-

band training might be that the prolonged sitting time may modify the positive effects of 

physical activity on balance development in older sedentary office workers (Owen et al., 

2010). As reflected in the online survey results, older sedentary office workers reported an 

average sitting time of 7.5 hours per day during workdays. Further to this, Subramanian 

(2017) has indicated that the prolonged sitting time of the sedentary office workers 

contributes to risk of falls. Physical activity and sedentary behaviour have independent 

effects on physical function (van der Ploeg & Hillsdon, 2017). Thus, prolonged sitting time 

might modify the positive effects of physical activity on balance development in sedentary 

office workers (Owen et al., 2010).  
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As indicated in the conceptual framework in Chapter 3, the complexity of potential 

mechanisms for increasing physical fitness during resistance training can be associated with 

two different factors: neural adaptation and muscle hypertrophy. Neural adaptation could 

increase muscle strength in the short-term, and muscle hypertrophy happens after a long-term 

intervention and may contribute to further balance and endurance development. One study 

(Dodd et al., 2011) also suggested that resistance training might be an intervention that can 

have short-term effects on increasing muscle performance but not on walking performance. 

This idea is supported by the current pilot RCT study findings that the Tai Chi combined 

with Thera-band training programme can lead to significant improvement in muscle strength 

but not in walking endurance development after a 12-week intervention. Further to these, the 

level of resistance training intensity in the current study was low to moderate. Schoenfeld et 

al. (2016) indicated that high intensity resistance was likely to be attributable to muscle 

hypertrophy. Parmenter et al. (2013) also found that high intensity resistance training could 

be positively associated with walking endurance in older adults aged 50 years and older after 

a 24-week intervention. These results suggest that a 12-week intervention of low to moderate 

intensity resistance training might not be of sufficient duration or intensity to exert an effect 

on walking endurance.  

Other explanations from the perspective of study design and data analysis should also 

be considered. Previous studies (Lin et al., 2015; Zeng et al., 2015; Zhuang et al., 2014) 

applied non-exercise as the control group, while the current study adopted Tai Chi exercise 

as the active control group. It may be easier to find a significant improvement after Tai Chi 

combined with resistance training when compared with a non-exercise group. However, this 

current pilot RCT study lacked a third non-exercise group. Further to this, all of these three 
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studies applied per-protocol analysis that includes only participants who completed the Tai 

Chi combined with resistance training treatment. The current pilot RCT study performed an 

ITT analysis. Ranganathan, Pramesh, and Aggarwal (2016) indicated that the per-protocol 

analysis could show an exaggerated treatment effect when compared to the ITT analysis. 

Thus, the different data analysis techniques used in these studies might also have led to the 

different findings.   

6.3.2 Effects of Tai Chi combined with Thera-band training on psychological    

wellbeing 

This current pilot RCT study found no significant group differences between levels of stress, 

depression, and anxiety in the Tai Chi combined with Thera-band training group and the Tai 

Chi exercise group after the intervention. However, a higher percentage of participants in the 

intervention group experienced a reduction of stress compared to that of the control group at 

both week 6 and week 12. A slightly higher percentage of participants in the Tai Chi 

combined with Thera-band training programme also experienced depression reduction at 

week 6. Importantly, there is a significant time by group difference in levels of anxiety, which 

was caused by the significant anxiety reduction in the intervention group over the 12-week 

period, and a slight anxiety increase in the control group over time.  

Previous studies have found that either Tai Chi or resistance training can reduce 

stress, depression, and anxiety levels among older adults (Broman-Fulks, Kelso, & 

Zawilinski, 2015; Chang et al., 2013; Chen, Kuo, Chang, Huang, & Cheng, 2017; Chi et al., 

2013; Kekalainen et al., 2018; Lavretsky et al., 2011; Tada, 2018). From these results, it can 

be seen that Thera-band resistance training added to Tai Chi exercise might have further 
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beneficial effects on stress, depression, and anxiety reduction compared with Tai Chi exercise 

only. However, this study failed to find any significant effects of Tai Chi combined with 

Thera-band training on these psychological wellbeing indicators compared with Tai Chi 

exercise only. The insignificant changes in levels of stress, depression, and anxiety may be 

attributable to a number of reasons. 

It is possible that the length of the intervention was insufficient to result in significant 

changes in indicators of psychological wellbeing.  The intervention period in the current pilot 

RCT study was shorter than in previous studies that found a significant reduction in stress 

and depression after resistance training (Chen et al., 2017; Kekalainen et al., 2018; Lincoln, 

Shepherd, Johnson, & Castaneda-Sceppa, 2011; Tada, 2018). For example, Tada (2018) 

found that resistance training was an effective strategy to decrease the severity of stress 

among older adults after a 6-month intervention. Kekalainen et al. (2018) also indicated that 

resistance training might be beneficial for psychological wellbeing after a 9-month 

intervention. Lincoln et al. (2011) conducted a 16-week resistance training programme which 

positively reduced depression. Chen et al. (2017) found associations between resistance 

training and depression reduction after 6 months. Conversely, a worksite programme 

(including resistance training) showed no significant stress reduction after a 10-week 

intervention among older laboratory technicians (Jay et al., 2015). Thus, the 12-week 

intervention period in the current pilot RCT study might not be as effective as a 6-month 

period to find evidence of stress and depression reduction.  

The small sample size of this pilot RCT study might be another potential factor 

affecting the study results. Previous studies that found significant effects of Tai Chi or 

resistance training on stress and depression had larger sample sizes, of between 48 and 127 
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participants (Chen et al., 2017; Kekalainen et al., 2018; Lincoln et al., 2011; Wang, Schmid, 

et al., 2010). Studies also included a larger sample size to find significant results for anxiety, 

with 133 participants in the study conducted by Chang et al. (2013), 73 participants in the 

study conducted by Lavretsky et al. (2011), and 77 participants in the study conducted by 

Broman-Fulks et al. (2015). The current pilot RCT study recruited only 40 participants. 

Additionally, due to heavy workloads and work characteristics, older office workers suffer 

from greater severity of psychological issues compared with non-working older adults 

(Fraser et al., 2009; Howe et al., 2017; Lee & Kim, 2015). The pre-intervention online survey 

indicated that a high percentage of older office workers experienced depression and anxiety, 

and their educational level might play an important role in reducing stress and depression. 

Educational sessions may provide older office workers with social support and more choices 

in utilising healthcare services and help them to manage psychological wellbeing (Dang, 

2018; Halpern-Manners, Schnabel, Hernandez, Silberg, & Eaves, 2016). As a result, 

resistance training added to the Tai Chi exercise might not be enough to reduce office 

workers’ anxiety symptoms compared with Tai Chi exercise only.  

6.3.3 Effects of Tai Chi combined with Thera-band training on pain 

This study found no group differences in terms of pain reduction. As per the anxiety changes, 

the significant group and time differences of pain severity were caused by a significant 

reduction in the Tai Chi combined with Thera-band training group at week 12 compared with 

week 6, and a slight increase in the Tai Chi group over the two periods. The odds ratio 

analysis showed that participants practising Tai Chi combined with Thera-band training 

group were more likely to experience a decrease in pain compared to those who practiced 

Tai Chi alone at week 12.  
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Pain reduction has been demonstrated in a number of Tai Chi intervention studies as 

a successful outcome (Liu & Latham, 2009; Solloway et al., 2016; Vincent, George, Seay, 

Vincent, & Hurley, 2014; You et al., 2018; Zhang, 2014). In addition, resistance training has 

also been shown to have a positive association with pain reduction in office workers 

(Andersen et al., 2017; Dalager et al., 2017; Zavanela et al., 2012). As indicated in Chapter 

3, Tai Chi contains lots of repetitive and alternating leg movements, which has the potential 

to build stronger muscle and joints and as a result might reduce older adults’ pain levels. 

Resistance training may reduce pain through a process of neurological or physiological 

desensitisation on the pain-producing tissue. However, the current pilot RCT study showed 

no statistically significant differences in pain severity among the two groups. The unexpected 

result might be related to the small sample size of the current pilot RCT study, which was 

described in an earlier section of this chapter. Another explanation might be the different 

participant inclusion criteria. Participants in the study by Vincent et al. (2014) suffered from 

lower back pain for more than 6 months before beginning the intervention. Further, 

participants had to report chronic multisite (at least two sites) musculoskeletal pain to be 

included in the study conducted by You et al. (2018). The current study did not apply these 

inclusion criteria, and, therefore, some participants in the current study might not have had 

significant chronic pain or multisite pain before the study.  

6.3.4 Summary of research question three 

In relation to question three, it can be concluded that Tai Chi combined with Thera-band 

training can be an effective physical activity intervention to address physical fitness, 

particularly for the improvement of lower limb and upper limb strength. However, the effects 

of Tai Chi combined with Thera-band training on balance, walking endurance, psychological 
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wellbeing, and pain failed to be detected in the current pilot RCT study; the small sample 

size with underpowered statistical analysis and insufficient intervention period may be a 

possible explanation for these findings. The participant inclusion criteria might have also 

contributed to different study findings compared to other Tai Chi studies. Low to moderate 

intensity of resistance training may not be adequate to improve walking endurance among 

older sedentary office workers. Although the Functional Reach Test was regarded as a 

reliable and valid form of assessment to examine balance in older adults, an alternative 

assessment such as the Timed Up and Go, which is more sensitive or appropriate to detect 

balance, should be considered. In addition, the ITT analysis can produce different results 

when compared to a per-protocol analysis. A lack of an educational programme and 

prolonged sitting time might be potential factors that contribute to the effects of Tai Chi 

combined with Thera-band training on balance and psychological wellbeing.  

6.4 Strengths and limitations of the study 

6.4.1 Study strengths 

The strengths of this research include the combination of an online survey and a pilot RCT 

study. The online survey is the first known study to investigate physical activity participation, 

psychological disorders, and pain in older office workers, and to provide insights into health 

promotion in this demographic. The pilot RCT study tested the feasibility of a Tai Chi 

combined with Thera-band training programme in older sedentary office workers employed 

by a university and highlighted the potential factors for facilitating and hindering study 

recruitment, participant retention and adherence, and data collection in the study intervention. 

The findings from the pilot RCT study provided potential effects of the Tai Chi combined 
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with Thera-band training on physical fitness, psychological wellbeing, and pain in older 

sedentary office workers. The pilot RCT study has shown an acceptable participant retention 

rate and adherence, and successful data collection. The acceptable participant retention and 

adherence and successful data collection also reflect the feasibility and acceptability of the 

Tai Chi combined with Thera-band training intervention in older sedentary office workers. 

Although the current study was somewhat underpowered due to the small sample 

size, the pilot RCT study design is also one of the strengths, as it employed a comparably 

active control treatment (Tai Chi exercise) rather than a wait-list or a no-treatment control to 

adequately control for all factors that might contribute to the study outcomes. Both treatments 

(Tai Chi combined with Thera-band training or Tai Chi) were performed using detailed 

protocols, in the same study setting, and by the same Tai Chi training instructor in order to 

ensure treatment quality and to avoid bias. The inclusion criteria is also one important 

strength of the current pilot RCT study. This study recruited only participants who had no 

Tai Chi or resistance training experience in the year prior to participation in this research in 

order to avoid those factors confounding study outcomes. Participants were randomly 

allocated to treatment groups, ensuring that systematic bias was not introduced. The ITT 

analysis was another strength to minimise the risk of results bias and to avoid a type 1 error. 

Although there are significant differences between the two groups for pain severity at 

baseline and for the attendance rate, the data analysis was completed after adjusting for these 

variables. Lastly, there were no adverse effects noted over the course of the study.  
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6.4.2 Study limitations 

This research also has a number of limitations. There is a lack of a proven theoretical 

background for the mechanism of Tai Chi combined with resistance training on physical 

fitness and psychological wellbeing, and pain, which failed to fully clarify the mechanism of 

combining resistance training into Tai Chi exercise. Therefore, the conceptual framework of 

Tai Chi combined with resistance training on health promotion in this current study can be 

described as a potential limitation, which may hinder its acceptability to some researchers. 

With the limitation of funding and time, two groups (i.e., Tai Chi combined with Thera-band 

group and Tai Chi alone group) were applied to enable a bigger sample size in each group 

rather than a third arm (i.e., resistance training alone). The lack of the third arm makes it 

difficult to conclusively state that Tai Chi combined with Thera-band training is superior to 

Tai Chi alone and resistance training alone. 

Participants were only recruited from a single university in Australia. Therefore, the 

convenience sampling approach used in the current study is also a limitation because this 

kind of approach makes the study sample less representative of older university office 

workers, and it also weakens the generalisability of the study findings to other study settings. 

Further to this, recruitment at only one university in Australia in this pilot RCT study 

contributes to the low response rate and slow recruitment process. The low recruitment rate 

and slow recruitment process are two important limitations in the current pilot RCT study. 

This reflects a limitation in the selection of study sites and the selection of promotion 

strategies.  
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The application of exercise sessions in different seminar rooms may also be a study 

limitation, which has contributed to participant attrition. Although this study was conducted 

around participants’ workplaces, the university had no single specific room that could be 

used to conduct physical activity interventions. In addition, the exercise sessions were 

conducted on two campus at the same time. Because of the time and traffic difficulty, Tai 

Chi combined with Thera-band were conducted on non-consecutive days (i.e. Monday, 

Wednesday, Friday), while Tai Chi sessions were held on Tuesday, Thursday, and Friday 

and thus were not always separated by rest days. The inconsistent session pattern between 

groups is thus another limitation in this pilot RCT study.  

The small sample size was another weakness in the pre-intervention online survey, 

which influences the associations between physical activity participation and psychological 

wellbeing and pain. In addition, the sample size was not adequate to detect statistical 

significance in the current pilot RCT study. Sample size is important for methodological 

reasons in an RCT study, and a small sample size may prevent the study findings from being 

extrapolated (Faber & Fonseca, 2014). As the main purpose of this current study was to 

examine the acceptability and feasibility of the intervention protocol and the methodological 

procedures, the sample size estimation was not completely power-based. For example, 

average dropout rates in previous studies were not considered during the sample size 

calculation. Therefore, recommendations based on the results from this current study are 

limited by the small sample size.  

A further limitation of the study is the single Tai Chi instructor who trained both the 

Tai Chi combined with Thera-band training group and the Tai Chi only group. Karanicolas 

et al. (2010) described that non-blinded therapists are more likely to transfer their attitudes 
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to participants and to provide different treatments to the active and placebo groups than the 

blinded ones. As a result, significant differences in the results of treatment effect may be due 

to studies with non-blinded therapists. The single Tai Chi instructor was also unable to be 

blinded to the outcome measurements. Four trained volunteers were involved in the physical 

fitness outcome assessment. However, the single Tai Chi instructor also participated in data 

collection of one of the physical fitness outcomes. As indicated by Karanicolas et al. (2010), 

blinding is an important methodological feature of RCTs to minimise bias and maximum the 

validity of research. Therefore, the non-blinding of the Tai Chi training instructor to data 

collection may be one of the methodological limitations in the current study. Similarly, 

participants could not be blinded to the two treatments (i.e., Tai Chi combined with Thera-

band training, and Tai Chi training). Participants were instructed not to discuss their study 

treatment or the exercise programme with anyone, but it was simply not possible to control 

all participants’ communication, particularly when university staff might work on the same 

campus. This could have potentially influenced the study results.  

No focus group or group interviews were conducted; thus, any sustained impact of 

the intervention could not be determined. Because of the underpowered study findings of the 

pilot RCT study, it is difficult to provide sufficient explanations for the non-significant results 

drawn from the pilot RCT study’s statistical analysis. However, qualitative data may have 

helped to explain and interpret the study findings. Therefore, the lack of qualitative data 

collection might be another important limitation of the current pilot RCT study. Although the 

participants’ adherence to the exercise was described in this pilot study, a subsequent follow-

up assessment of participants’ physical fitness, psychological wellbeing, and pain was not 

studied, which can be viewed as another limitation of this study.  
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The missing assessment of the participants’ competency after the learning stage is 

another limitation of this study. Thus, it is difficult to know whether a 2-week learning period 

is sufficient to learn all the first 10 movements in this demographic. The use of self-reported 

outcome measurements of levels of stress, depression, anxiety, and pain may also be a study 

limitation. Geisen, Strohm, Stringer, Kopp, and Richards (2012) have indicated that self-

reported outcome measurements would lower the accuracy of the data and further reduce the 

internal validity of the outcome measurements. The lack of an objective assessment of 

physical exertion may be another limitation of this study. For instance, it has been found that 

subjective and objective measures of physical exertion can differ significantly among both 

males and females (Skatrud-Mickelson, Benson, Hannon, & Askew, 2011).  

6.5 Summary of the chapter 

This chapter has discussed the findings of the online survey, study feasibility, and potential 

effects of the Tai Chi combined with Thera-band training. From the online survey results, 

some of the older office workers showed low levels of physical activity. A high percentage 

of the older office workers experienced depressive and anxiety symptoms. Work-related pain 

was prevalent in these older office workers. Education levels play a significant role in levels 

of depression and anxiety. In terms of the feasibility outcomes of the pilot RCT study, 

participant retention and adherence to the study was acceptable, and data collection was 

successful. The potential reasons for the satisfactory participant retention, adherence, and 

data collection were discussed from the aspects of participant perception, intervention 

protocol, and communication. Unexpectedly, the current study showed a low recruitment rate 

and slow recruitment process. In terms of the potential effects of the intervention, the Tai Chi 

combined with Thera-band training programme was associated with increased lower limb 
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and right upper limb strength in older sedentary office workers. No significant changes were 

indicated in other health outcomes. Potential reasons have been provided to explain the non-

significant association between Tai Chi combined with Thera-band training and the health 

outcomes. This discussion also highlighted the strengths and limitations of the research. The 

next chapter presents the final conclusions of the research and provides recommendations for 

research and practice, in particular for the study design, intervention protocol, and refinement 

of future similar study protocols.  
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Chapter 7 Conclusion and Recommendations 

Poor physical function and work-related psychological issues can have a negative association 

with office workers’ working ability, productivity, as well as health status. Therefore, a pre-

intervention online survey was conducted to explore physical activity participation, 

psychological wellbeing, and pain in older office workers. Further to this, a pilot RCT study 

was conducted to test the feasibility of Tai Chi combined with Thera-band training in older 

office workers and to provide potential findings about the effects of this programme on 

physical fitness, psychological wellbeing, and pain when compared to Tai Chi exercise only. 

The conclusions of the study are presented as follows:  

1. From the outcomes of the online survey, the majority of older office workers had 

prolonged daily sitting times, with some of them engaging in low levels of physical 

activity. In addition, a high percentage of participants experienced depression and anxiety 

symptoms. Education levels can influence the level of experienced stress and depression 

in older sedentary office workers. In addition, the most prevalent pain areas of older 

sedentary office workers were the neck and lower back. Headache, especially, was 

reported in many of the participants.  

2. In terms of the feasibility outcomes of the pilot RCT study, the methodological procedure 

of the pilot study using Tai Chi combined with Thera-band training to change health 

status in older office workers was deemed feasible except for the low recruitment rate 

and slow recruitment process. Satisfactory participant retention and adherence to the 

intervention, and successful acceptability of the study questionnaire were identified 

during the study implementation period. Participants in this current study did not 
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complain of discomfort when practising Tai Chi combined with Thera-band training or 

Tai Chi exercise. Although four participants withdrew from the intervention because of 

pre-existing pain, they informed the researcher that their pain was not related to their 

participation in the programme. There were no adverse effects reported during the study. 

3. In terms of the intervention outcomes, this pilot RCT study provides a valuable 

contribution to research into the use of Tai Chi and resistance training with older 

sedentary office workers. The 12-week Tai Chi combined with Thera-band training 

programme has the potential to improve lower limb and upper limb strength in older 

sedentary office workers. There were no significant group effects on balance and walking 

endurance in these office workers. Moreover, the Tai Chi combined with Thera-band 

training showed no effects on levels of stress, depression, anxiety, and pain compared to 

the Tai Chi exercise only group after the 12-week intervention. However, outcomes of 

the study may have be limited by the small sample size, assessment tool, and short 

intervention period. 

Recommendations  

A future large-scale RCT, based on the following recommendations for research and practice, 

is needed to better establish the effects of Tai Chi combined with Thera-band training on 

physical fitness, psychological wellbeing, and pain in older office workers.  

Recommendations for research 

Given the potentially adverse effects of insufficient physical activity, there is a need to pay 

more attention to those office workers who are engaged in low levels of physical activity. As 
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indicated in Chapter 2, Tai Chi and resistance training are appropriate and easy exercises for 

office workers to practice in their offices during their rest periods and downtimes at work. A 

high percentage of older office workers report experiencing depression and anxiety, and 

work-related stress is associated with depression and anxiety. In addition, the older office 

workers suffered from neck pain and lower back pain. Therefore, these health issues 

experienced by older office worker need to be considered jointly alongside the design of 

interventions to improve health outcomes. Further to this, headache was reported as another 

pain disorder which was prevalent in older office workers. This finding suggests that future 

studies should examine workplace interventions to reduce the incidence of headache in these 

workers. In planning further research in the field of Tai Chi combined with resistance training 

in older sedentary office workers, the following issues/areas discussed below should be 

considered. 

Recruitment  

This current study has highlighted that convenience sampling is a limitation to the 

generalisability of the study findings. Research is required to further explore the feasibility 

and effectiveness of the Tai Chi combined with Thera-band training programme on health 

promotion of older sedentary office workers in different university settings. Recruitment in 

a university setting is more challenging than in a small health agency or research centre. 

Framing the study within a university wellness promotion programme might be a useful 

means to recruit workplace participants. However, email requests might not be an effective 

means to recruit older office workers in a university setting. Email reminders during the 

participant recruitment also appear to have limited effect on the recruitment process. Future 
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studies could consider the use of other reminder strategies (e.g., telephone reminders) during 

the recruitment process (Treweek et al., 2013; Wong et al., 2013). 

Study implementation 

The changing of rooms for each session in this pilot RCT study contributed to a decrease in 

participants’ retention. A fixed site may help to avoid confusion over where each of the 

sessions are held. Establishing a relationship between the Tai Chi instructor and participants, 

as achieved in this study, was important to the adherence of the study intervention. Email 

reminders during data collection can help to maximise participant response rate. Incentive 

strategies, such as the towel and exercise band given in this study, have also been shown to 

be effective during data collection. Although incentive strategies (e.g., morning tea, prizes, 

and raffles) and other communication strategies (e.g., mobile text, WhatsApp’s) were not 

used during the intervention implementation, they were found to be effective in increasing 

participant adherence in other studies (Chujo & Okamura, 2015; Kaunda-Khangamwa et al., 

2018; Losina et al., 2017; Pahwa, Lunsford, & Livesley, 2018; Taylor et al., 2010). Therefore, 

the use of incentives could be considered to enhance participants’ adherence to the study 

intervention. Future studies should also consider to use other advanced communication 

technologies to enhance participants’ adherence in health promotion programs in older office 

workers.  

Tai Chi combined with Thera-band training was shown to improve muscle strength 

within both 6 weeks and 12 weeks. Previous studies also suggested that it might be effective 

for muscle strength improvement after a 24-week resistance training programme. These 

findings suggest that it is valuable to evaluate the short-term and long-term effects of Tai Chi 
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combined with Thera-band training in older sedentary office workers in future studies. The 

current study was of a 12-week duration and might not have been long enough to impact on 

or detect a change in health outcomes. As indicated earlier in Chapter 6, a 6-month resistance 

training programme could have significant effects on walking endurance and severity of 

stress among older adults and is recommended in any future studies (Parmenter et al., 2013; 

Tada, 2018). Future studies should consider a longer period of intervention (i.e., 6 months) 

to examine the effects of Tai Chi combined with Thera-band training on health promotion of 

older sedentary office workers. In addition, a post-intervention (follow-up) period should be 

considered in a future large-scale RCT study to investigate the long-term effects of Tai Chi 

combined with Thera-band training on both physical fitness and psychological wellbeing in 

older sedentary office workers. A third arm (i.e., resistance training) should also be included 

in future large-scale RCT studies to determine the combined effects of Tai Chi plus resistance 

training on physical fitness, psychological wellbeing, and pain. 

The small sample size is suggested to be another potential limitation for the non-

significant findings. A systematic review by Poscia et al. (2016) has indicated that the 

majority of workplace health promotion interventions which reported small number of 

participants with a short intervention period, failed to establish evidence of the effectiveness 

of interventions on work ability, productivity, and job retention, as well as on the health and 

wellbeing of older adults. Thus, future studies should consider a larger sample size in order 

to determine if the intervention has an effect on psychological outcomes. Given that the 

present study is regarded as a pilot study in nature, the results obtained can be used to 

determine the power and also estimate the suitable sample size for a future large-scale RCT 

study. 
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Resistance training intensity was assessed every fortnight based on the rating of 

perceived exertion (RPE), with increasing resistance training intensity if participants reported 

a RPE of below five on the scale, which runs from 0 (nothing at all) to 10 (very, very heavy). 

The lack of an objective assessment of physical exertion has been indicated as a limitation of 

this study. Consequently, an objective physical exertion assessment should be applied in 

future studies. Additionally, participants’ competency after the learning stage should be 

assessed to explore whether they could practice the first 10 movements independently in any 

future large-scale RCT studies. Educational sessions were found to have a positive effect on 

psychological wellbeing in older office workers. Prolonged sitting time might be a potential 

reason that modifies the effects of physical activity on balance and endurance. Consideration 

should be given to educational sessions and the prolonged sitting time of older office workers 

during the design of future studies which examine the effects of a physical activity 

intervention in older sedentary office workers. 

Outcome measurements and qualitative interview 

As indicated in Chapter 6, the use of self-reported outcome measurements of physical 

activity participation, levels of stress, depression, anxiety, and pain in this pilot study is a 

potential limitation that could lower data accuracy. As a result, future studies with older 

sedentary office workers could consider alternate objective health outcomes measures to 

eliminate possible self-report bias. For example, Sano et al. (2018) developed new objective 

psychological measures using wearable sensor and mobile phones to assess stress and 

psychological wellbeing in college students. Positive results were found after a 1-month 

observational study. However, none of the approaches were trialled in older office workers, 
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as it was not practical to perform all-day observations of their stress, depression, anxiety and 

pain symptoms.  

The Functional Reach Test, as indicated in Chapter 6, might not be an effective tool 

to assess participants’ balance status for this population of older office workers. The 

assessment of balance in older office workers should be undertaken using a more appropriate 

instrument such as the Timed Up and Go Test. The conduct of qualitative interviews with 

study participants to obtain information about their experiences of the intervention could help 

provide a greater understanding of the findings. In addition, qualitative interviews may 

potentially provide an insight into the non-significant differences between the two groups in 

terms of psychological wellbeing and pain. Also, an understanding of participants’ 

perceptions of the Tai Chi combined with Thera-band programme and better understanding 

of their experiences of the programme could assist in the future design of a similar 

intervention protocol to ensure it meets participants’ needs. Therefore, it is recommended 

that qualitative interviews with participants after the Tai Chi combined with Thera-band 

training programme intervention should take place.  

Recommendations for practice  

Education levels were found to be negatively associated with levels of depression and anxiety 

in the current online survey, which also supports previous studies in relation to the effects of 

education programmes on health promotion in older adults (Frey & Osborne, 2017; Gardner 

& Oswald, 2002). Therefore, future practice may consider the use of such educational 

programmes on managing older office workers’ psychological wellbeing.  
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Prolonged sitting time was also found to be negatively associated with older office 

workers’ physical fitness. High levels of sitting time have become common, particularly in 

office environments. The majority of office-based employees report spending almost two-

thirds of their working hours sitting. This study also reported that university office workers 

had an average of 7.5 hours sitting time per day. These findings suggest that workplace 

managers should find effective strategies to reduce office workers’ sitting time such as the 

use of physical interventions or cycling workstations (Elmer & Martin, 2014; Keadle et al., 

2017). 

In conclusion, the significant results, showing the effectiveness of the Tai Chi 

combined with Thera-band training programme on both the upper limb and lower limb 

muscle strength in older sedentary office workers, suggest that this programme can be an 

appropriate physical treatment for older sedentary office workers in improving their muscle 

strength. The findings from this study also support previous findings that Tai Chi or 

resistance training is a convenient and safe treatment approach for older workers (Caputo et 

al., 2017; Li & Harmer, 2015). Hence, it can be understood that the Tai Chi combined with 

Thera-band programme could be incorporated safely as an additional exercise in workplace 

health promotion programmes. 
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Appendices 

Appendix A: Online Survey Invitation Details 

Physical activity and wellbeing: An online survey of Griffith University office workers 

This survey aims to assess the level of physical activity and wellbeing in office workers, 

and explore their perceptions of Tai Chi. 

Type of volunteers needed 

Office workers (administration & academic staff) aged 55 years and older, working at 

Griffith University, Queensland Australia 

What would I be asked to do? How much time would it take? 

Participants will be asked to respond to an online survey seeking their demographic 

information; level of physical activity, wellbeing, as well as perceptions of Tai Chi. This 

will take approximately 20 minutes to complete. 

What’s in it for me? 

Your participation in this survey will help us better understand the level of physical activity 

and wellbeing in office workers. 

How can I volunteer or find out more? 

To participate in this research, please click on the 

link: https://prodsurvey.rcs.griffith.edu.au/prodls190/index.php?sid=21375&lang=en   

For more information, please contact Meiling Qi at meiling.qi@griffithuni.edu.au 

School of Nursing and Midwifery | PhD candidate | GU Ref No: 2016/448 

https://prodsurvey.rcs.griffith.edu.au/prodls190/index.php?sid=21375&lang=en
mailto:meiling.qi@griffithuni.edu.au
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Appendix B: Recruitment Flyer - Online Survey 

Are you interested in being involved in an online survey? 

 

If you are an office worker (administration & academic staff) aged 55 years and older, 

working at Griffith University, you are eligible to participate in an online survey. Your 

participation will help me to collect responses for my PhD research. 

What would I be asked to do?  

You will be asked to respond to an online survey seeking demographic information; level of 

physical activity, wellbeing, as well as perceptions of Tai Chi. This will take approximately 

20 minutes to complete. 

How can I volunteer or find out more? 

To participate in this survey, please either email me at meiling.qi@griffithuni.edu.au or 

use this link: http://bit.ly/29kHGwp 

School of Nursing and Midwifery | PhD candidate | GU Ref No: 2016/448 

 

 

 

 

mailto:meiling.qi@griffithuni.edu.au
http://bit.ly/29kHGwp
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Appendix C: Online Survey 

Physical activity and wellbeing: An online survey of Griffith University office workers 

This online survey is designed to explore levels of physical activity and wellbeing in office 

workers (administration & academic staff) aged 55 years and older working at Griffith 

University. This survey will also help us to understand your perception of Tai Chi exercise. 

We hope that you will be interested in helping us by completing this survey. 

Please answer every question if possible. If you are unsure how to answer a question, mark 

the response for the closest answer to how you feel. The survey will take approximately 30 

minutes to complete. 

Your answers will be treated as strictly confidential and will be used to help us to design a 

Tai Chi exercise class for office workers. If you have any concerns or complaints about the 

ethical conduct of the research project, please contact the Manager, Research Ethics on 3735 

4375 or research-ethics@griffith.edu.au. 

Please note that completion and submission of this survey means that you consent to your 

involvement in this study. 

Part 1 Demographic details 

Read these five questions below, and please circle the choice that best matches your details. 

1.  How old are you? 

   A.   18-24      B.     25-34     C.    35-44     D.    45-54     E.    55-64     F.    65-74    G.    75+ 

2.  What is your gender? 

    A.    Female       B.     Male      

3.  What is the highest level of education you have completed? 

    A.  Less than high school            B.   High school           C.   TAFE/ College                  

    D. Bachelor degree                    E.   Postgraduate degree 

4.  Is your current job? 

    A.   Part-time              B.   Full-time             C.   Casual/Sessional 
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5.  What is your marital status? 

   A.   Single          B.   Married    C.   Divorced      D.   Widowed      E.  Separated      F. Prefer   

not to say 

Part 2  

The questions below will ask you about the time you spent being physically active in the last 

7 days. Please answer each question even if you do not consider yourself to be an active 

person. Please think about the activities you do at work, as part of your house and yard work, 

to get from place to place, and in your spare time for recreation, exercise or sport. 

Think about all the vigorous activities that you did in the last 7 days. Vigorous physical 

activities refer to activities that take hard physical effort and make you breathe much harder 

than normal. Think only about those physical activities that you did for at least 10 minutes at 

a time. 

1. During the last 7 days, on how many days did you do vigorous physical activities like 

heavy lifting,   digging, aerobics, or fast bicycling? 

 _____ Days per week 

2. How much time did you usually spend doing vigorous physical activities on one of those 

days? 

_____ Hours per day 

_____ Minutes per day 

Think about all the moderate activities that you did in the last 7 days. Moderate activities 

refer to activities that take moderate physical effort and make you breathe somewhat harder 

than normal. Think only about those physical activities that you did for at least 10 minutes at 

a time. 

3. During the last 7 days, on how many days did you do moderate physical activities like 

carrying light loads, bicycling at a regular pace, or doubles tennis? Do not include 

walking. 

_____ Days per week 
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4. How much time did you usually spend doing moderate physical activities on one of those 

days? 

_____ Hours per day 

_____ Minutes per day 

Think about the time you spent walking in the last 7 days. This includes at work and at 

home, walking to travel from place to place, and any other walking that you might do solely 

for recreation, sport, exercise, or leisure. 

5. During the last 7 days, on how many days did you walk for at least 10 minutes at a time? 

_____ Days per week 

6. How much time did you usually spend walking on one of those days? 

_____ Hours per day 

_____ Minutes per day 

The last question is about the time you spent sitting on weekdays during the last 7 days. 

Include time spent at work, at home, while doing course work and during leisure time. This 

may include time spent sitting at a desk, visiting friends, reading, or sitting or lying down to 

watch television. 

7.  During the last 7 days, how much time did you spend sitting on a week day? 

_____ Hours per day 

_____ Minutes per day 

Part 3  

The questions below ask you about your feelings and thoughts during the last month.  In 

each case, please place a “√” under the number that best indicates how often you felt or 

thought a certain way.   

0 = Never; 1 = Almost never; 2 = Sometimes ; 3 = Fairly Often; 4 = 

Very Often 
0 1 2 3 4 

In the last month, how often have you been upset because of something 

that happened unexpectedly? 
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In the last month, how often have you felt that you were unable to control 

the important things in your life?           

     

In the last month, how often have you felt nervous and “stressed"?                                                                          

In the last month, how often have you felt confident about your ability 

to handle your personal problems?                                  

     

In the last month, how often have you felt that things were going your 

way?                                                              

     

In the last month, how often have you found that you could not cope with 

all the things that you had to do?                  

     

In the last month, how often have you been able to control irritations in 

your life?                                                               

     

In the last month, how often have you felt that you were on top of things?                                                                          

In the last month, how often have you been angered because of things 

that were outside of your control?                                               

     

In the last month, how often have you felt difficulties were piling up so 

high that you could not overcome them?                            

     

 

Part 4  

Below is a list of some of the ways you may have felt or behaved. Please place a “√” under 

the number that best indicates how often you have felt this way during the past week. 

0 = Rarely or none of the time (less than 1 day)    

1 = Some or a little of the time (1-2 days) 

2 = Occasionally or a moderate amount of time (3-4 days)    

3 = All of the time (5-7 days) 

0 1 2 3 

I was bothered by things that usually don't bother me.                                      

I had trouble keeping my mind on what I was doing.     

I felt depressed.                                                                                                   

I felt that everything I did was an effort.                                                             

I felt hopeful about the future.                                                                             

I felt fearful.                                                                                                         

My sleep was restless.                                                                                        

I was happy.                                                                                                        

I felt lonely.                                                                                                          

I felt not “get going”     

 

Part 5  

Please respond to these statements according to how you've felt during the last week. Please 

place a “√” under 'agree' if you mostly agree that the item describes you. Place a “√” under 

'disagree' if you mostly disagree that the item describes you. 
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 Agree Disagree 

I worry a lot of the time.                                                                                     

I find it difficult to make a decision.                                                                    

I often feel jumpy.                                                                                               

I find it hard to relax.                                                                                           

I often cannot enjoy things because of my worries.                                            

Little things bother me a lot.                                                                                

I often feel like I have butterflies in my stomach.                                                 

I think of myself as a worrier.                                                                               

I can’t help worrying about even trivial things.                                                     

I often feel nervous.   

My own thoughts often make me anxious.   

I get an upset stomach due to my worrying.   

I think of myself as a nervous person.   

I always anticipate the worst will happen.    

I often feel shaky inside.   

I think that my worries interfere with my life.   

My worries often overwhelm me.   

I sometimes feel a great knot in my stomach.   

I miss out on things because I worry too much.   

I often feel upset.   

 

Part 6  

1. During the last 7 days, please indicate if you have had pain around any of the following 

areas of your body? (Multiple choice, please circle the appropriate answer/s) 

      A. headache      B. neck pain       C. upper back pain       D. lower back pain     E.  hip pain    

F. shoulder pain    G. knee pain      H.  others____________ 

2. How severe has your pain been over the last 7 days? (“0” is “no pain” and “10” is the 

worst pain you can imagine. Place a “√” after the number that indicates how bad it was).  

                  

       0___1___2___3___4___5___6___7___8___9___10___ 

 

Part 7  

Read the five questions below, and please circle the choice that best matches your usual 

behaviour or habits. 

1.  Do you like Tai Chi?               

      A.         Yes               B.         No              
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2. Have you ever used Tai Chi for exercise before?            

A.     Yes               B.         No 

3. Are you interested in Tai Chi exercise? 

     A.         Yes               B.         No              

4. If you are interested in a Tai Chi class, how might you like to get relevant Tai Chi 

information? (Multiple choice) 

     A. Online learning    B. Instructional DVD   C. Tai Chi courses   D. Focus group   E.    

Email and messages 

5. Are you interested to participate in an upcoming Tai Chi exercise class that will be held 

at Griffith University (Nathan and Mt Gravatt campuses)? If yes, please provide your 

contact details (i.e., email or phone number). 

All these questions were included in the registered online survey using LimeSurvey 

tool 
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Appendix D: Ethics Approval – Online Survey 
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Appendix E: Recruitment Flyer - RCT 

Are you interested in being involved in a Tai Chi Plus Thera-bands exercise session? 

GU Reference Number: <2016/872> 

                                      

                                   Tai Chi exercise                          Thera-band exercise 

If you are an office worker (administrative & academic staff) working at Griffith University, 

you may be eligible to participate in a study about the benefits of Tai Chi plus Thera-bands 

(see pictures above) on wellbeing. 

Additional eligibility requirements: 

 Aged 55 years and older 

 Engaging in less than 60 minutes of accumulated moderate intensity physical activity 

(e.g., brisk walking, bicycling, yoga) per week 

What does this study involve? 

 A 14-week period of Tai Chi or Tai Chi plus Thera-bands sessions at Griffith 

University, with 3 classes per week and 45 minutes per class. 

For further information or expressions of interest, please contact:  

PhD candidate:  

Meiling Qi, Phone: 0449895159 or Email: meiling.qi@griffithuni.edu.au  

Supervisors:   

Prof Wendy Moyle, Phone: 07 3735 5526 

Dr Cindy Jones, Phone: 07 3735 8440 

Dr Benjamin Weeks, Phone: 07 555 2933 

mailto:meiling.qi@griffithuni.edu.au
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Appendix F: Online Registration Form 

Free Tai Chi sessions - Registration 

Thank you for your interest in joining the Tai Chi research project. You will receive 3 FREE 

Tai Chi sessions per week over a period of 14-weeks. The goals of the research are to 

investigate the positive physical and psychological effects that Tai Chi can have on sedentary 

office workers, and you will be taught how to perform Tai Chi over the first two weeks and 

will continue for a further 12 weeks (14 weeks in total). You will be asked to attend a pre-

session briefing to assess your eligibility - this will be at the Red Zone conference room, G40, 

between 11am and 3pm on June 15. 

* Required 

Email address * 

 

Name * 

 

Phone * 

 

I confirm that I am 55 years or older * 

Yes, I am 55 years or older 

I confirm that I currently do less than 60mins exercise a week * 

Yes, I do less than 60mins exercise a week 

 

SUBMIT 
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Appendix G: Information Sheet 

Effectiveness of a combination of Tai Chi plus Thera-bands on well-being in older 

sedentary office workers 

GU Reference Number: <2016/872> 

Research team 

Meiling Qi, Email:meiling.qi@griffithuni.edu.au Phone: +61 449895159 

Prof Wendy Moyle, Email: w.moyle@griffith.edu.au Phone: +61 (07) 373 55526 

Dr Cindy Jones, Email: c.jones@griffith.edu.au  Phone: +61 (07) 373 58440 

Dr Benjamin Weeks, Email: b.weeks@griffith.edu.au  Phone: +61 (07) 555 29336 

Why is the research being conducted?  

Research has indicated that Tai Chi exercise has significant benefits on improvement of 

physical fitness and wellbeing in older adults. However, limited studies have examined the 

effects of Tai Chi plus Thera-bands (for resistance training) among older sedentary office 

workers. This study aims to: (a) compare the effectiveness of a combination of Tai Chi plus 

Thera-bands on wellbeing with Tai Chi exercise only in older sedentary office workers; and 

(b) examine the feasibility of, and to support refinement of, the protocol, methods, and 

procedure. 

Why you have been invited to participate 

You have been invited to participate in this study as you are an office worker (administration 

& academic staff) working at Griffith University, Queensland Australia. 

Inclusion criteria:  

1. Aged 55 years and over 

2. Independently ambulant 

3. Engaging in less than 60 minutes of accumulated moderate intensity physical activity 

(e.g., brisk walking, bicycling, Yoga) per week 

Exclusion criteria: 

mailto:meiling.qi@griffithuni.edu.au
mailto:w.moyle@griffith.edu.au
mailto:c.jones@griffith.edu.au
mailto:b.weeks@griffith.edu.au
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1. Serious health issues that prevent you becoming more physically active (measured by 

the Physical Activity Readiness Questionnaire) 

2. Significant vision impairment (not able to see and follow instruction) 

3. Tai Chi experience in the past one year (obtaining Tai Chi exercise for any reason) 

4. Cannot endure Tai Chi exercise (moderate intensity activity) for 45 minutes three 

times per week 

5. Cannot use the extra thin (Tan) Thera-band 1.1kg of resistance at 100% elongation, 

and 1.5kg of resistance at 200% elongation) if a participant in the intervention group. 

What you will be asked to do 

Participation will involve attending Tai Chi or Tai Chi plus Thera-band exercise classes (See 

pictures below), 45mins per class, three classes per week over a 12-week period, plus a 2-

week Tai Chi learning phase. You will be randomised to either the Tai Chi control or Tai Chi 

plus Thera-band intervention group.  

Exercise classes will be conducted in the morning and afternoon, Monday to Thursday, at 

Griffith University (Gold Coast campus). Participants can select to attend exercise classes 

from a list of scheduled exercise class times. A variety of data including demographic 

information and wellbeing data will be collected by both online and paper-based format 

before the intervention, at Week 6 (mid-intervention) and at Week 12 (end of intervention). 

The data collection will take place at a convenient time for you to participate.  

                                                                     

Tai Chi exercise                                   Thera-band exercise 

Consent to participate  

Your participation is voluntary and you are not under any obligation to consent to participate 

in this study. If you choose to participate, you may discontinue participation at any time 

without penalty or providing an explanation. If you consent to participate in this study, 

please complete and return the “Consent Form” via email. We hope that you will consider 
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participation in this study as it has the potential to understand the impact of Tai Chi plus 

Thera-bands on wellbeing and physical fitness in older sedentary office workers. 

Risk  

Participation in this study poses minimal level risk due to the nature of Thera-band exercise. 

You will be asked to adapt the use of Thera-bands during the learning stage and intervention. 

You will be trained in Tai Chi exercise and practice will occur under the guidance of a Tai 

Chi training instructor in order to ensure exercise safety. In the unlikely event of an injury, 

we will contact the Nathan Medical Centre (57299), and first aid will be applied if required. 

Also, if any of the questions asked cause you concern, you can contact Lifeline support 

service (13 11 14). 

Confidentiality 

Confidentiality of participants and any collected data will be maintained throughout and after 

the completion of the study. Electronic files and/or documents arising from this study will 

not contain any identifying terms. Participants will be asked to allocate a code to their data 

so that the data collected from this study will be treated in the strictest confidence and 

reported in general terms that do not involve any identifying features. All data will be kept 

confidential and placed in a locked filing cabinet in the office of the Chief Investigator during 

the study. Upon completion of the study, all data will be stored in a locked filing cabinet at 

the Menzies Health Institute, Queensland for a period of 5 years before being destroyed. 

Please note that information collected for, used in or generated by this project will be stored 

in a database for future use in similar research by the researchers or a third party for which 

ethical approval will be sought. 

Feedback  

A summary report of the overall findings obtained from the study will be made available to 

you at the completion of the study.  

Complaints mechanism 

This study has received ethical approval from Griffith University Human Research Ethics 

Committee. Griffith University conducts research in accordance with the National Statement 

on Ethical Conduct in Research Involving Humans. If you have any concerns or complaints 
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about the ethical conduct of the research project, you should contact the Manager, Research 

Ethics on +61 (0)7 3735 4375 or research-ethics@griffith.edu.au 

Privacy statement  

The conduct of this study involves the collection, access and / or use of your identified 

personal information. The information collected is confidential and will not be disclosed to 

third parties without your consent, except to meet government, legal or other regulatory 

authority requirements. A de-identified copy of this data may be used for other research 

purposes. However, your anonymity will at all times be safeguarded. For further information 

consult the University’s Privacy Plan at http://www.griffith.edu.au/about-griffith/plans-

publications/griffith-university-privacy-plan or telephone +61 (0)7 3735 4375.  

We thank you for the time you have taken to read this information sheet and, if you 

choose to participate, thank you for your consent and participation in this study. 

mailto:research-ethics@griffith.edu.au
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
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Appendix H: Physical Activity Readiness Questionnaire – PAR-Q 
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Appendix I: Consent Form 

Effectiveness of a combination of Tai Chi plus Thera-bands on well-being in older sedentary 

office workers 

GU Reference Number: <2016/872> 

Research team 

Meiling Qi, Email:meiling.qi@griffithuni.edu.au Phone: +61 449895159 

Prof Wendy Moyle, Email: w.moyle@griffith.edu.au Phone: +61 (07) 373 55526 

Dr Cindy Jones, Email: c.jones@griffith.edu.au  Phone: +61 (07) 373 58440 

Dr Benjamin Weeks, Email: b.weeks@griffith.edu.au  Phone: +61 (07) 555 29336 

I have read the attached information sheet and the consent form. I agree to participate in the research 

project named “Effectiveness of a combination of Tai Chi plus Thera-bands on wellbeing in older 

sedentary office workers” and give consent freely. I acknowledge that the project has been explained 

to me and any questions have been answered to my satisfaction. I understand that the project will be 

carried out as described in the information sheet and I have kept a copy of this information. I am 

being asked to agree for myself to participate in this research project.  

I realise that participation is voluntary and no penalty or explanation need be supplied for withdrawal 

from this project at any time. All the data collected is for the purposes of this project and will remain 

confidential and be stored in a locked filing cabinet within Griffith University for a period of 5-years 

prior to it being destroyed. All published material from this project will only be released in general 

terms and no personal identification will be recognised.  

I confirm that I do not have any of the conditions listed in the participant information sheet that 

exclude me from the study. 

If I have any concerns regarding this project, I can contact Prof. Wendy Moyle on 07 3735 5526, or 

Griffith University Manager, Research Ethics on 07 3735 4375 or research-ethics@griffith.edu.au.  

Name of Participant:  

____________________________________________________________ 

 

mailto:meiling.qi@griffithuni.edu.au
mailto:w.moyle@griffith.edu.au
mailto:c.jones@griffith.edu.au
mailto:b.weeks@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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Appendix J: Ethics Approval – RCT 
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