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Abstract 

 

Background: Resilience is important in supporting nurse retention, but it is unclear 

whether resilience is associated with nurses’ personal or work-related factors. Limited 

studies have previously used accelerometry to explore nurses’ occupational and leisure 

time physical activity, activity patterns, activity profiles, and associations with resilience 

within the context of the physical activity health paradox (the different impacts of 

occupational versus leisure time physical activity on health). 

 

Aim: This study aimed to explore intensive care nurses’ (1) resilience levels and 

associations with personal factors and physical activity behaviours, (2) physical work 

activity behavioural patterns during a 12-hour shift, and (3) clustered physical activity 

profiles and associations with resilience.  

 

Methods: A cross-sectional study was conducted with intensive care nurses from four 

units at three hospitals in Auckland, New Zealand. Accelerometry was used to measure 

participants’ physical activity over four days (two workdays followed by two 

nonworkdays). The Connor-Davidson Resilience Scale 25 was utilised to measure 

resilience levels.  

 

Findings: The overall mean resilience level was low in the 93 participants. Being married 

or religious was positively associated with resilience (p = .011; p < .001). Resilient nurses 

had higher levels of moderate to vigorous physical work activity and lower sleep duration 

at leisure time (p = .021; p = .013). A large amount of standing and dynamic standing was 

involved in nurses’ physical activity during a 12-hour shift. The overall physical activity 

(standing, dynamic standing, walking, sitting, and lying) during a 12-hour day shift was 

higher than that during a 12-hour night shift (p = .008; p < .001; p = .005; p = .002; p < 

.001). The study sample (N = 93) was classified as low actives (n1 = 19), standers (n2 = 
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36), sitters (n3 = 31), and movers (n4 = 7). Movers had optimal activity profiles with high 

resilience; thus, they were less likely to show the negative health effects of occupational 

physical activity. Resilience was not associated with clustered physical activity profiles. 

 

Conclusions: Resilience is essential for nurse well-being and to support workforce 

retention yet was generally low in intensive care nurses participating in this research. 

Physical activity is essential for well-being, and this research identified a lower number of 

intensive care nurses with optimal activity profiles. It is imperative that initiatives to 

enhance nurse resilience and promote leisure time physical activity are implemented to 

build a healthy workplace under intensive care clinical settings. Workplace strategies, 

such as resilience training programmes, physical activity interventions, and health 

checks, are recommended for nursing practice and policymaking. 
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Glossary of Terms 

 

A 12-hour shift: A 12-hour shift is a type of shift where nurses work from 7 a.m. to 7:30 

p.m. (termed as a 12-hour day shift), or from 7 p.m. to 7:30 a.m. (termed as a 12-hour 

night shift).  

 

A local investigator: Nominated by the research department at each District Health 

Board. They were independent of this study and worked as researchers at the hospitals 

where this study was conducted. The role of a local investigator was to: 

• advertise the research to potential participants,  

• support the researcher with the distribution of accelerometers and consent forms, and 

• help collect the returned accelerometers and consent forms.  

 

Axivity AX3 accelerometer: A small device that is used to objectively measure 

individuals’ physical behavioural patterns such as sitting, standing, walking, running, or 

lying, and to estimate the intensity of their movements (sedentary, light, moderate, or 

vigorous) during a specific time period. An Axivity AX3 contains a 3-axis accelerometer, 

measuring 23.0 mm (width) × 32.5 mm (length) × 7.6 mm (height) and weighing 11.0 g. In 

this research, each participant was issued with a pair of Axivity AX3 accelerometers to 

continuously wear on the back and thigh for four consecutive days (two workdays 

followed by two nonworkdays).  

 

Clustering analysis: A statistical technique that was used in this research to establish 

different clusters where participants in each group had similar physical activity patterns 

within the study sample. Using this technique, this study sample was clustered into four 

groups or physical activity profiles, named as low actives, standers, sitters, and movers. 

 



 

 xiii                                                                                                                                        
 

Dynamic standing: Defined as standing with slight movement. Nurses’ dynamic standing 

at work means that nurses are in a standing position while performing nursing tasks, such 

as providing hygiene care, removing chest drains, or preparing medication for infusion 

pumps.  

 

District Health Boards: District Health Boards are health organisations that are 

responsible for providing or funding the health services within defined geographic areas 

in New Zealand. Public hospitals are owned and funded by the District Health Boards. 

 

Leisure time physical activity: Refers to exercises or physical activities that occur 

during nurses’ nonworkdays. 

 

Moderate to vigorous physical activity: Refers to physical activity levels from moderate 

intensity (such as brisk walking or slow walking) to vigorous intensity (such as jogging or 

swimming). 

 

Nonworkdays: Refers to nurses’ days off after work. In this research, two nonworkdays 

refers to participants’ two days off work following their 12-hour shifts. 

 

Nurses’ preferences for 12-hour shift schedules: In New Zealand, nurses’ shifts are 

randomly rostered, meaning that nurses working 72 hours or 80 hours fortnightly (full-time 

workers) sometimes have three or four consecutive 12-hour shifts one week and could 

have only two or three workdays the following week. Some nurses prefer to work 12-hour 

day shifts, while some prefer to work permanent 12-hour night shifts. Nurses who prefer 

to work 12-hour day shifts may be rostered two or three 12-hour night shifts every 

fortnight or month. However, some nurses prefer to have mixed shift schedules, such as 

two 12-hour day shifts followed by one or two 12-hour night shifts, instead of working 

three or four day shifts in a row, to reduce their physical workloads.   
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Occupational physical activity: Refers to nursing physical activities that occur during 

nurses’ workdays. 

 

Physical activity health paradox: Occupational physical activity can have a negative 

impact on health. Contrastingly, leisure time physical activity can have a positive impact 

on health. This contradictory feature of physical activity is called the physical activity 

health paradox. Nurses are at risk from the physical activity health paradox when the 

negative health impact of nursing physical activity is higher than the positive health 

impact of their leisure time physical activity. In this research, when participants 

experienced high levels of occupational physical activity and low levels of leisure time 

physical activity, they were more likely to be at risk from the physical activity health 

paradox. In contrast, when participants experienced high levels of occupational physical 

activity and high levels of leisure time physical activity, they were less likely to be at risk 

from the physical activity health paradox.  

 

Sedentary: Represents the lowest level of energy expenditure as determined by 

accelerometry measurement in this research. 

 

Sedentary behaviour: In this research, the term refers to the time spent sitting or lying, 

as determined by accelerometry measurement.   
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Chapter 1: Introduction 

 

A prolonged global nursing shortage has profoundly impacted health systems, 

resulting in heavy workloads, thus leading to an increase in nurse turnover (Chan, Tam, 

Lung, Wong, & Chau, 2013). Such impacts could ultimately result in a greater likelihood 

of psychological problems, such as stress and burnout, in the nursing workforce (Chan et 

al., 2013; Mealer, Jones, Newman et al., 2012). Scholars have identified that resilience 

can increase an individual’s ability to adapt to work environments, thus reducing 

psychological issues and enhancing well-being (Ceschi, Fraccaroli, Costantini, & Sartori, 

2017; Mealer, Jones, Newman et al., 2012). Therefore, it is important to understand what 

factors are associated with nurse resilience and what strategies can be developed to 

improve nurses’ resilience. Identifying such factors and developing strategies may help 

nurses mitigate the effects of psychological problems and improve their ability to deal with 

work adversity, which is essential to increase job satisfaction and reduce turnover (Chan 

et al., 2013). 

 

Research has shown that, in intensive care units (ICU), nurses with lower 

resilience levels have higher profiles of stress and burnout, compared to highly resilient 

nurses (Mealer Jones, Newman et al., 2012; Mealer, Jones, & Moss, 2012). In addition, 

research has found that resilience could help ICU nurses improve their ability to sustain 

healthy psychological characteristics and coping skills in the face of work adversity 

(Mealer Jones, Newman et al., 2012; Mealer, Jones, & Moss, 2012). Enhancing resilience 

is of particular importance to ICU nurses, as the ICU work environment is immensely 

stressful, and staff are at high risk of developing posttraumatic stress disorder 

(Hammonds & Cadge, 2014). Currently, there is limited evidence regarding ICU nurse 

resilience and its associated factors (personal and work related) in New Zealand. 

Internationally, little is known about ICU nurses’ physical activity patterns (e.g., walking, 

standing, or sitting) in relation to resilience. Furthermore, no previous research has 
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clustered ICU nurses’ physical activity behaviours at work and during leisure time to 

investigate the characteristics of their activity profiles and associations with resilience. 

Therefore, this research focuses on exploring ICU nurse resilience and its associated 

factors (including occupational and leisure time physical activity patterns and clustered 

physical activity behaviours), using accelerometry measurement while incorporating a 

developed study-specific job demands-recovery framework.  

 

This research will be presented as three individual studies. Study 1 will 

investigate whether resilience is associated with ICU nurses’ demographic factors, health 

behaviours, physical activity, sleep, and sedentary behaviour. In this study, dynamic 

standing, as a novel concept and a new way of measuring physical activity at work, will 

be introduced to describe ICU nurses’ unique physical work activity behaviour. Study 2 

will seek to describe objectively measured ICU nurses’ physical work activity behavioural 

patterns over a 12-hour shift. This study will compare ICU nurses’ physical workloads 

between a 12-hour day shift and a 12-hour night shift as well as between the investigated 

individual intensive care units. Study 3 will explore clustered ICU nurses’ physical activity 

profiles and associations with resilience. The findings from these three studies will be 

used to generate descriptive profiles of New Zealand ICU nurses’ resilience and physical 

activity. These profiles may help identify the factors associated with ICU nurse resilience 

and assist them to develop strategies for recovering more effectively from heavy physical 

and mental workloads. Furthermore, recommendations will be proposed for institutional 

strategies to support healthcare organisations, nurses, and managers in developing a 

healthy workplace to protect nurse health and well-being. Ultimately, enhancing nurse 

well-being can improve patient quality of care, increase nurse retention, and decrease 

turnover costs. The remainder of this chapter will describe the research background, aims 

and objectives, and research questions as well as the thesis structure, novel 

contributions, and my personal research philosophy.  

 

1.1 Background 
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Currently, there is a global nursing shortage, and this problem will continue for 

the foreseeable future. The World Health Organisation (2014, 2018) reported that by 

2035 the global deficit of health professionals would have increased by 5.4 million, and 

nine million nurses and midwives will be required by 2030. In New Zealand, a total of 

47,890 nurses engaging in direct patient care were registered in 2017 (Nursing Council of 

New Zealand, 2018). An additional 15,000 nurses will be required by 2035 to meet the 

increase in healthcare demands due to population growth, an ageing population, and a 

rise in lifestyle diseases (National Nursing Organisations, 2014). Moreover, the average 

age of New Zealand’s nursing workforce was 46 years in 2017 (Nursing Council of New 

Zealand, 2018), with approximately 57% of the current nurses expected to retire by 2035 

(National Nursing Organisations, 2014). These data show that New Zealand presently 

needs and will continuously require more nurses in the nursing workforce within the next 

decade. 

 

1.1.1 Resilience and workplace health. 

For two decades, New Zealand (NZ) has demonstrated that a prolonged nursing 

shortage has contributed to high turnover, thus increasing health organisations’ 

expenditure. One study, investigating 11 New Zealand District Health Boards in 2006, 

found that the estimated average total cost of turnover was $23,800 in NZ dollars per 

nurse, consisting of $3,878 in NZ dollars per new employee and $19,922 in NZ dollars 

per leaver (North et al., 2013). Research has shown that prolonged nursing shortages 

can increase nurses’ workloads, subsequently decreasing their job satisfaction (Chan et 

al., 2013). Furthermore, shortages have demonstrated a higher likelihood of 

psychological issues, such as stress or burnout (da Costa & Pinto, 2017). Therefore, 

healthcare organisations should consider initiating strategies to help nurses reduce the 

risk of developing psychological problems, increase job satisfaction, and decrease 

turnover. 

 

As a personal resource, resilience can contribute to achieving a positive work 

environment and promoting workplace health (Ceschi et al., 2017). Resilience has been 



                                                                                                       Chapter 1: Introduction 

 4 

defined as an individual’s ability to recover from stressful experiences, a protective 

capacity, maintaining self-control, and having a motivating inner force (Fisk & Dionisi, 

2010; Grafton, Gillespie, & Henderson, 2010; Tugade & Fredrickson, 2004; Youssef & 

Luthans, 2007). Resilience can help individuals adapt to increased job demands (Ceschi 

et al., 2017) and maintain a healthy psychological profile (Mealer, Jones, Newman et al., 

2012). Studies on nursing have revealed that nurse resilience can be a buffer to 

emotional exhaustion and a resource to help increase job engagement, achieve personal 

growth, and attain professional development (Yu, Raphael, Mackay, Smith, & King, 

2019). Resilient nurses have lower levels of anxiety and are more mentally prepared for 

work challenges (Manomenidis, Panagopoulou, & Montgomery, 2019). Enhancing 

resilience is of particular importance to nurses, as they are at risk of job-related emotional 

exhaustion (Ferreira, Maharaj, Simpson, Nassif, & Lal, 2020) and depressive symptoms 

(Brandford & Reed, 2016). Improved resilience can help nurses manage responses to 

challenges, which may attenuate the negative effects of work adversity, thus increasing 

job satisfaction (Yu et al., 2019). Therefore, initiating strategies for enhancing resilience 

can help develop a healthy workplace where nurses are able to better adapt to their work 

environments, thus retaining them in the nursing workforce and reducing turnover costs. 

 

1.1.2 Resilience and job demands-resources.  

The job demands-resources model (Figure 1) is a fundamental framework that is 

used to identify the factors in relation to job stress (Bakker & Demerouti, 2007). This 

model divides the factors into two categories: job demands and job resources. The job 

demand factors, such as heavy workloads, burnout, or unsupportive work environments, 

contribute to decreasing employees’ energy mentally and physically, resulting in 

increased health problems (Bakker & Demerouti, 2007). The job resource factors, such 

as pay rise, education, autonomy, feedback, and social support, lead to nurturing 

personal growth, fostering energy, and increasing work engagement, thus enhancing 

well-being (Bakker & Demerouti, 2007). The job demands-resources model indicates two 

psychological processes: the health impairment process (job demands) and the 

motivational process (job resources). Therefore, this model provides a practical 



                                                                                                       Chapter 1: Introduction 

 5 

framework to assess psychological risk factors to improve employee well-being and job 

performance.  

 

Figure 1. The Job Demands-Resources Model  

 
Figure 1. From “The Job Demands-Resources Model: State of the Art,” by A. B. Bakker and E. Demerouti, 2007, 

Journal of Managerial Psychology, 22(3), p. 313. Copyright 2007 by Emerald Publishing Limited. Reprinted with 

permission. 

 

The reproduction permission document is in Appendix I. 

 

The job demands-resources model has been widely used in the healthcare 

system to address the importance of developing a healthy workplace for nurse retention. 

For example, utilising the job demands-resources model, Moloney, Boxall, Parsons, and 

Cheung (2018) surveyed 665 nurses in New Zealand and identified the risk factors that 

could be used to predict nurses’ job leave intentions. These predictors included heavy 

workload and high work-life interference, which result in burnout, thus increasing nurses’ 

intention to leave (Moloney et al., 2018). Challenges and greater self-efficacy were also 

identified as the predictors lowering nurses’ intention to leave and increasing their work 

engagement (Moloney et al., 2018). Similarly, Van der Heijden, Peeters, Le Blanc, and 

Van Breukelen (2018) conducted a longitudinal survey on 753 European nurses and 

concluded that emotional demands, work-home interference, influence at work, and 

opportunities for development were the predictors for nurses’ intentions to leave. 
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Moreover, Viotti and Converso (2016) reported that work-to-private-life interference was 

related to job demands and resources after investigating 889 Italian health care workers 

from three hospitals. Additionally, D'Emiljo and du Preez (2017) surveyed 453 South 

African nurses and identified the deficiencies of nurse work engagement, such as unsafe 

staffing levels, lower remuneration, and lack of career options, within the categories of job 

demands and job resources. Together, these studies showed that the job demands-

resources model provided a fundamental framework in identifying risk factors to improve 

nurses’ well-being, work engagement, and quality of patient care. Therefore, this model 

was identified as an ideal study framework to guide the current research. Based on this 

model, a study-specific job demands-recovery framework was developed as a theoretical 

guide for this research, which will be detailed further in Chapter 3. Following the 

developed framework, this research investigated the factors related to ICU nurses’ 

physical job demands and recovery and explored associations with resilience. 

 

Utilising the job demands-resources model, scholars have analysed the role of 

resilience as a personal resource in job engagement. In relation to the job demands-

resources model, resilience has been defined as an individual’s successful adaptation or 

proactive capacities when facing adversity (Youssef & Luthans, 2007) and as persistence 

or developable capability to buffer stress (Sweetman & Luthans, 2010). Salmela-Aro and 

Upadyaya (2018) studied 1,415 Finnish employees from three organisations and found 

that resilience was associated with work engagement and burnout in different career 

stages in an individual’s lifespan. Xanthopoulou, Bakker, Demerouti, and Schaufeli (2007) 

surveyed 714 Dutch employees and identified that the participants’ self-efficacy, 

organisational-based self-esteem, and optimism, as personal resources, were associated 

with work engagement. Interestingly, Grover, Teo, Pick, Roche, and Newton (2018) 

studied 401 Australian nurses and found that personal psychological capital had a direct 

impact on perceptions of job demands, nurse well-being outcomes, and work 

engagement. Additionally, Loi, Liu, Lam, and Xu (2016) assessed 360 employees in four 

Chinese hotels and identified that individuals’ strong proactive personality enabled 

employees to buffer emotional job demands and plan strategies to deal with difficult work 
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situations. Thus, following the job demands-resources model enabled the researcher to 

understand how resilience, as a personal resource, can help ICU nurses adapt to 

increased job demands. 

 

Increased job demands can negatively affect employees physically and 

psychologically, while sufficient recovery can enhance their well-being and work 

performance (Bakker & Demerouti, 2007). However, no studies have analysed whether 

nurses’ (including ICU nurses’) resilience is associated with their work or leisure time 

physical activity, using the job demands-resources model. Therefore, this research is the 

first to utilise this model as a framework to investigate whether or not resilience could help 

mitigate the effects of nurses’ physical job demands and allow them to recover sufficiently 

from work adversity.  

 

1.1.3 Resilience and physical activity. 

A link between resilience and physical activity has been studied in some 

populations, such as younger and older adults (Childs & de Wit, 2014; Hegberg & Tone, 

2014; Lines et al., 2020; Wermelinger Ávila, Corrêa, Lucchetti, & Lucchetti, 2018), and 

teachers (Ozkara, Kalkavan, Alemdag, & Alemdag, 2016). Studies have shown that 

individuals with high physical activity levels display high levels of resilience, low levels of 

stress, and a healthy mental status (Childs & de Wit, 2014; Hegberg & Tone, 2014). 

However, no identified research has previously studied the link between resilience and 

physical activity in nurses, especially in ICUs. There is a clear knowledge gap in 

understanding relationships between resilience and nurses’ physical activity at work (job 

demands) and/or during leisure time (recovery). 

 

Accordingly, it is necessary to conduct research with ICU nurses to identify 

whether resilience is associated with their physical work activity or leisure time physical 

activity. There is also a need to understand ICU nurses’ physical activity patterns (e.g., 

walking or standing) during a shift, as this may help managers in identifying nurse 

physical job demands and recovery during specific time periods (Hefter, Madahar, Eisen, 
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& Gong, 2016). Further, there is value in understanding the discrete relationships of 

physical activity behavioural components (e.g., lying, sitting, standing, dynamic standing, 

walking, and running at work and during leisure time) and resilience. This is because 

research has shown that it is important to objectively measure these physical activity 

components and consider them simultaneously (Lee, Yu, McDowell, Leung, & Lam, 2012; 

Leis et al., 2020; Zwolinsky et al., 2016). Therefore, it was necessary to understand 

grouped ICU nurses’ physical activity patterns or clusters of behaviours and associations 

with resilience in this research.  

 

1.1.4 Concepts for clustering analysis and physical 

activity health paradox. 

Clustering is a statistical technique used to establish different clusters where 

participants in each group have similar activity patterns within a dataset (Leis et al., 

2020). Clustering analysis allows the examination of a range of physical activity 

behaviours that may impact health to be considered as a group, rather than treating each 

physical activity behaviour as an isolated variable. It further allows the comparison of the 

characteristics of physical activity patterns between the clustered groups.  

 

The utilisation of clustering analysis enabled the researcher to explore whether in 

this study sample, there was a group of ICU nurses who had optimal physical activity 

profiles. The rationale for this exploration was that previous studies showed that spending 

more time on leisure time physical activity helped reduce the risk of long-term sick leave, 

thus lowering the likelihood of the physical activity health paradox (Gupta et al., 2020; 

Holtermann, Coenen, & Krause, 2020). The physical activity health paradox refers to the 

contradictory feature of physical activity in relation to health issues, meaning the positive 

health impact of leisure time physical activity and the adverse health effects of 

occupational physical activity (Holtermann et al., 2020). 

  

In addition, the use of clustering analysis enabled the researcher to identify 

whether the clustered ICU nurses’ physical activity profiles were associated with 
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resilience, as previous literature showed that resilient nurses had better work 

performance (Walpita & Arambepola, 2020). Therefore, clustering analysis assisted the 

researcher in analysing the characteristics of the ICU nurses’ physical activity profiles and 

associations of these with resilience. Moreover, it helped the researcher determine 

whether ICU nurses were possibly at higher risk from the physical activity health paradox. 

 

1.1.5 Physical activity measurement.  

Accelerometry, as a new technology of objective measurement, significantly 

enhances the accuracy and detail of collated physical activity data (Reiser & Schlenk, 

2009), thus providing robust evidence for managers in identifying nurses’ physical 

workloads when promoting a healthy workplace. Accelerometry allows researchers to 

identify participants’ specific physical behavioural patterns, such as sitting, standing, or 

lying, and to estimate the intensity of their movements (sedentary, light, moderate, or 

vigorous). Particularly, it allows researchers to extract data from a specific time period for 

analysis. This focus on behaviours rather than energy expenditure is a shift from early 

accelerometry research, which frequently measured and described physical activity in 

terms of its intensity.  

 

Accelerometry has been used to examine physical activity and sedentary 

behaviours in various populations (Prince, Elliott, Scott, Visintini, & Reed, 2019). A 

systematic review analysed 63 articles and found that objective measures of physical 

activity were more accurate, compared to self-report measures, when assessing adults’ 

physical activity in free-living environments (Dowd et al., 2018). For example, a cross-

sectional study collated 425 Brazilian older adults’ physical activity behaviours over seven 

consecutive days using accelerometers, identifying that this objective measurement was 

recommended to continuously monitor inactive groups (dos Santos et al., 2018). 

Similarly, accelerometry was employed to measure approximately 2,000 to 3,000 

Canadian adults’ physical activity levels each year between 2007 and 2017, which 

provided the Canadian government with important information for developing initiatives to 

promote physical activity (Clarke, Colley, Janssen, & Tremblay, 2019). Therefore, the use 
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of accelerometry was ideal for this research to objectively measure ICU nurses’ physical 

activity. This is the first research to use accelerometry to identify ICU nurses’ physical 

activity behaviours (sitting, standing, dynamic standing, walking, running, and lying) at 

work and leisure time.  

 

1.2 Research Aims and Objectives 

This study aimed to explore intensive care nurses’  

• resilience levels and associations with personal factors as well as physical activity 

behaviours, following a developed study-specific job demands-recovery framework,  

• physical work activity behavioural patterns during a 12-hour day shift and a 12-hour 

night shift, and  

• clustered physical activity profiles and associations with resilience.  

 

The objectives were: 

• to measure resilience levels and identify the related personal factors that affected New 

Zealand ICU nurses using an online survey. 

• to undertake accelerometer measurement and analysis to identify key behavioural 

factors (physical activity and sedentary time) at work and during leisure time, which 

may be associated with ICU nurse resilience. 

• to determine the differences between ICU nurses’ physical work activity behavioural 

patterns during a 12-hour day shift and a 12-hour night shift, as well as any 

differences between the four surveyed ICUs. 

• to categorise the ICU nurses’ physical activity behaviour profiles into clusters and 

explore associations with resilience for each cluster. 

• to evaluate whether ICU nurses in each cluster were more likely to display the 

physical activity health paradox.  

• to identify strategies to promote ICU nurses’ resilience and physical activity and 

provide recommendations for managers and healthcare organisations. 
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1.3 Research Questions 

The main questions of this research were:  

• What is the level of ICU nurses’ resilience in Auckland, New Zealand?  

• What factors are associated with ICU nurse resilience?  

The main overarching research questions were broken down into the following 

subquestions: 

• Is resilience related to ICU nurses’ physical activity at work and during leisure time? 

• What are the ICU nurses’ physical work activity behavioural patterns during a 12-hour 

shift? 

• Is resilience associated with ICU nurses’ physical activity profiles?  

 

1.4 Thesis Structure 

This thesis consists of nine chapters, as described below. Chapter 1 introduces 

the background, aims and objectives, research questions, thesis structure, novel 

contributions, and my personal research philosophy. The background section includes 

resilience and workplace health, resilience and job demands-resources, resilience and 

physical activity, concepts for clustering analysis and physical activity health paradox as 

well as physical activity measurement. 

 

Chapter 2 presents a systematic review that synthesised evidence related to 

resilience measures, demographic factors, and work-related factors associated with nurse 

resilience. This systematic review, titled “Personal and work-related factors associated 

with nurse resilience: A systematic review”, was published in the International Journal of 

Nursing Studies in 2019.  

 

Chapter 3 describes the research methodology, which details a research 

paradigm and a study-specific job demands-recovery framework. A research approach is 

outlined, followed by the paradigm related to the specific research questions, aims, 

objectives, and methodology. The study-specific job demands-recovery framework was 
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adapted based on the job demands-resources model and is introduced in this chapter. 

This framework was integrated with the conservation of resources, self-determination, 

and broaden-and-build theories within the context of resilience theory.  

  

Chapter 4 outlines the research methods, describing the study design, ethical 

considerations, recruitment strategies, and population sampling. It also delineates the 

participants’ inclusion and exclusion criteria as well as the quantitative measures (e.g., 

online survey, accelerometry, and work-sleep/naps log). The variables, research costs, 

and statistical data analysis plans are also detailed in this chapter. 

 

Chapters 5, 6, and 7 report the research results and are named as Studies 1, 2, 

and 3. Each of these chapters has been prepared and submitted for publication in peer-

reviewed academic journals; therefore, there is some repetition across Chapter 4 

(Research Methods) and these empirical chapters. The publication in Chapter 5 (Study 1) 

is titled “Physical activity and personal factors associated with nurse resilience in 

intensive care units”. It explores relationships between resilience and physical activity as 

well as resilience and personal factors. Survey data and accelerometer-derived physical 

activity measures were examined in relation to resilience using multivariable modelling. 

This chapter was published in the Journal of Clinical Nursing in 2020.  

 

In Chapter 6 (Study 2), physical activity patterns are explored in more detail by 

comparing nurses’ job demands and recovery during a 12-hour day shift to those during a 

12-hour night shift. This article, titled “Describing objectively measured intensive care 

nurses’ physical work activity behavioural patterns during a 12-hour shift”, was published 

in the Journal of Clinical Nursing in 2020.  

 

Chapter 7 (Study 3) builds on earlier chapters by categorising the study sample 

into different physical activity profile clusters to explore the characteristics of each profile 

and its association with resilience. The manuscript, titled “A cluster analysis of physical 
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activity profiles and resilience in intensive care nurses”, will be submitted to a journal for 

publication. 

 

In Chapter 8, the findings from Studies 1, 2, and 3 are brought together and 

discussed cohesively in the context of the developed study-specific job demands-

recovery framework, resilience as a concept, and resilience measurement. The key 

findings from the research are introduced in this chapter.  

 

Chapter 9 summarises the novel contributions to knowledge, reviews the 

strengths and limitations of the research, and provides recommendations for nursing 

practice, education, policy, and future research.  

 

1.5 Novel Contributions 

The novel contributions this research makes to the existing literature is 

summarised below: 

• Chapter 2: This is the first systematic review to identify the personal and work-related 

factors associated with nurse resilience, utilising the job demands-resources model. 

• Chapter 5: This is the first study to explore the associations between resilience and 

objectively measured ICU nurses’ physical activity during two workdays, followed by 

two nonworkdays. Furthermore, the use of accelerometry as well as integrating a job 

demands-recovery framework demonstrate the original methodology used in this 

research. 

• Chapter 5: This research is the first study to introduce dynamic standing, as an 

innovative approach, into the nursing field to describe nurses’ unique physical work 

activity behaviour in the ICU work environment. 

• Chapter 6: This is the first study to identify, analyse, and describe the objectively 

measured ICU nurses’ physical work activity behavioural patterns during a 12-hour 

shift. 
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• Chapter 7: This is the first study to profile nurses’ physical activity behaviours using 

clustering of activity patterns and to identify associations between physical activity 

clusters and resilience within the context of the physical activity health paradox. 

 

1.6 My Personal Research Philosophy 

 Research philosophy is defined as a researcher’s beliefs and assumptions when 

developing knowledge during research in an occupational field (Saunders, Bristow, 

Thornhill, & Lewis, 2019). The three main types of assumptions are ontological 

assumptions (what is reality?), epistemological assumptions (how do we know about 

knowledge?), and axiological assumptions (values that influence our research process) 

(Saunders et al., 2019). These assumptions can shape researchers’ choices, strategies, 

and methods of what to investigate in their research (Saunders et al., 2019). Different 

philosophical views enable researchers to have different approaches to develop research 

questions and utilise different methods for research (Berryman, 2019). Researchers’ 

personal beliefs affect their decision making in research design and data analysis. 

Therefore, as part of my PhD journey, I explored my own philosophical position to 

discover my beliefs and establish a scientific research paradigm to achieve the best 

design for this research.  

 

A scientific research paradigm is an approach to implement within a research 

project, which provides researchers with a philosophical framework consisting of 

ontology, epistemology, and methodology (Žukauskas, Vveinhardt, & Andriukaitienė, 

2018). A paradigm is considered a theoretical model or framework that is utilised by 

researchers to regulate their research design, hypotheses, and interpretations 

(Žukauskas et al., 2018). A research paradigm is determined by a researcher’s beliefs 

and values, their perceptions of reality and worldviews, and how well these align with the 

research design (Žukauskas et al., 2018). Welford, Murphy, and Casey (2011) identified 

five major paradigms most frequently utilised in nursing research: positivism, 

postpositivism, interpretivism, constructionism, and pragmatism. Positivists perceive the 

world as real and want to explore the associations in the real world to create law-like 
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generalisations (Saunders et al., 2019). Unlike positivists, postpositivists believe that they 

can never fully understand reality and think that knowledge is relative instead of absolute 

(Welford et al., 2011). Interpretivists consider that researchers (subjectivity) and reality 

(objectivity) are inseparable, and they believe that the social world can be explained 

subjectively (Žukauskas et al., 2018). Constructivists think that reality is dynamic and that 

people can construct and interpret reality based on their previous knowledge and 

experience (Welford et al., 2011). Pragmatists believe that reality is ambiguous, and 

knowledge comes from actions, situations, or practical outcomes, which can be used to 

inform future practice (Welford et al., 2011). Therefore, it was important to find my 

philosophical stance in order to design a paradigm for this research. 

 

A paradigm design for this research depended on my views of reality, perceptions 

of the world, and approaches to solving problems. In this research, ontologically, I 

believed that reality could never be completely known and that the world was practical, 

meaning that I could use different approaches to respond to different situations. 

Epistemologically, I believed that utilisation of subjective and objective measurement in 

numerical observations, such as experiments or surveys, could produce credible and 

meaningful data to discover observable and measurable findings in reality. 

Methodologically, I believed that the best method of answering a question, in reality, was 

the one that could solve problems. Therefore, I predominantly considered myself a 

pragmatist, and my personal philosophy was pragmatism to guide this research design. 

Accordingly, a pragmatic paradigm was designed for this research and will be discussed 

in Chapter 3 Methodology.  

 

1.7 Summary 

This chapter summarises the research background, aims and objectives, 

research questions, thesis structure, novel contributions to the literature, and my personal 

research philosophy. The study aims were to explore ICU nurses’ (1) personal and work-

related factors associated with resilience, (2) physical work activity patterns during a 12-

hour shift, and (3) clustered physical activity profiles and associations with resilience. 
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The background section emphasises that a prolonged nursing shortage has 

increased nurses’ workloads and decreased job satisfaction, yet resilience can help 

enhance nurse retention. However, in the literature, no research has been undertaken 

studying ICU nurse resilience and its association with objectively measured physical 

activity. This section outlines the importance of studying resilience to develop a healthy 

workplace and identifies why the job demands-resources model is ideal to guide the 

research. The background section introduces the concepts for clustering analysis and the 

physical activity health paradox. Accelerometry for physical activity measurement is 

introduced, and a need for studying associations between resilience and nurses’ physical 

activity is explained in this section.  

 

An overview of the structure for this thesis is given, and each of the nine chapters 

is summarised. Furthermore, the novel contributions of this study in the context of existing 

international literature are summarised. Finally, a paradigm design, pragmatism, as my 

personal research philosophy, is introduced in this chapter. The next chapter presents a 

published systematic review that identified the personal and work-related factors 

associated with nurse resilience.  
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Chapter 2: Systematic Review  

 

Article: Personal and work-related factors associated with nurse 

resilience: A systematic review 

 

This paper was published in the International Journal of Nursing Studies in 2019. 

In this paper, the literature was systematically reviewed to identify nurses’ personal and 

work-related factors in association with resilience. The review aim, objectives, design, 

data sources, methods, results, and discussion were depicted in this publication. This 

paper revealed inconsistencies in the personal and work-related factors associated with 

nurse resilience. Accordingly, the conclusions drawn from this review contributed to the 

formulation of research questions for this study. The supplementary data for this paper 

were in Appendix I. 

 

The following article is cited as: 

Yu, F., Raphael, D., Mackay, L., Smith, M., & King, A. (2019). Personal and work-related 

factors associated with nurse resilience: A systematic review. International Journal of 

Nursing Studies, 93, 129-140. doi: 10.1016/j.ijnurstu.2019.02.014 

 

The paper is reproduced here in its entirety with permission (Appendix I) from the 

International Journal of Nursing Studies (Impact Factor 4.03; H-index 91; Rank 2107; 

SCImago Journal Rank 1.556) (resurchify, 2020a). 
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Abstract 

Background: Nursing shortages have profoundly impacted hospitals and consequently 

increased financial expenditure, resulting in work overload, thus augmenting nurses’ 

stress and burnout levels. Studies have found that resilience helps nurses reduce the 

effects of stress and burnout. However, the factors associated with nurse resilience are 

yet to be determined. 

 

Objectives: This systematic review aims to identify the associated personal and work-

related factors of nurse resilience.  

 

Design: This systematic review has been registered in the International Prospective 

Register of Systematic Reviews (registered number: CRD 42018094080). Results are 

reported according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses protocol. 

 

Data sources: The systematic search was undertaken between March and April 2018 in 

five databases: CINAHL Plus, MEDLINE (Ovid), PsycINFO, EMBASE, and Scopus. The 

searched terms combined in each database were: resilience, hardiness, work, employ, 

occupation, job, and nursing. 

 

Review methods: Full-text English articles published between 2000 and 2018 were 

included. Studies were also included if they involved: (1) nurses who provided direct 

patient care, (2) resilience and its associated factors, (3) an empirical quantitative study, 

and (4) a quality assessment grade of good or fair. Two authors carried out the study 

eligibility and quality assessment independently. A narrative synthesis was utilised 

following the job demands-resources model to identify the factors of job demands and 

resources, which were associated with nurse resilience. 

 

Results: A total of 38 articles met the criteria and were systematically reviewed and 

narratively synthesised. Various resilience scales utilised in these studies made it 
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unfeasible to synthesise the evidence using a meta-analysis. Inconsistencies exist when 

examining personal and work-related factors. Job demands (stress, burnout, 

posttraumatic stress disorder, workplace bullying, fatigue, anxiety, and depression) were 

negatively associated with resilience, while job resources (coping skills, self-efficacy, 

social support, job satisfaction, job retention, and general well-being) were positively 

related to resilience. Using a quality assessment tool, 23 studies were rated as good, 15 

were assessed as fair, and 20 were found to have a risk of bias. 

 

Conclusions: Understanding nurse resilience can proactively help nurses identify or 

prevent potential problems, thus fostering job resources and ultimately achieving personal 

and professional growth. Increased nurse resilience can help nurses reduce emotional 

exhaustion, increase work engagement, and enhance function when facing workplace 

challenges. This can assist nurses to establish strategies to deal with adversity and 

attenuate the effects of job demands. Further research is needed to explore nurse 

resilience and develop a consistent instrument for measuring resilience. 

 

What is already known about the topic? 

• Nurse resilience is an important construct that has received significant attention in  

literature. 

• The personal and work-related factors associated with resilience among nurses have 

not been determined. 

• It is unclear how the personal and work-related factors affect nurses’ resilience and 

what needs to be done to improve their resilience levels.  

 

What this paper adds: 

• This is the first systematic review of nurse resilience. Resilience is a nurse’s 

adaptability, capacity, and ability to solve problems and seek solutions. There is no 

consistent instrument for resilience measurement. 

• Inconsistencies remain across studies as to whether personal factors are associated 

with resilience. Coping skills, self-efficacy, and social support are critical factors of job 
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resources in improving nurse resilience, while stress, burnout, posttraumatic stress 

disorder, workplace bullying, fatigue, anxiety, and depression are essential factors of 

job demands that are negatively associated with resilience. 

• Resilience and its positively associated factors (coping skills, self-efficacy, and social 

support) are the job resources acting as buffers to attenuate the influence of job 

demands and encourage nurses to stay in the workforce. 
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2.1 Introduction  

2.1.1 Rationale for the systematic review.  

A nursing shortage, as a current global fact and a future phenomenon, is 

adversely impacting health systems around the world. According to one population 

growth model, the present global deficit of 7.2 million skilled health professionals will 

increase to 12.9 million by 2035 (World Health Organization, 2014). Nurses and midwives 

currently account for 50% of the global health workforce, and an additional nine million 

will be needed by 2030 (World Health Organization, 2018). High turnover, as a result of 

nursing shortages, is profoundly impacting hospital expenditure and worsening 

organisations’ financial problems. A recent study, surveying 96,988 registered nurses in 

the United States (U.S.), reported that the average cost of turnover for a bedside nurse 

ranged from $38,000 in U.S. dollars to $61,100 in U.S. dollars (NSI Nursing Solutions, 

Inc., 2018). On average, this cost a hospital between $4,400,000 in U.S. dollars and 

$7,000,000 in U.S. dollars extra in 2017 (NSI Nursing Solutions, Inc., 2018). Prolonged 

nurse shortages and high turnover increase nurse workload, placing undue pressure on 

existing staff (Chan et al., 2013; Stechmiller, 2002). Ultimately this can lead to an 

increased likelihood of psychological problems, such as stress and burnout (da Costa & 

Pinto, 2017).  

 

Evidence suggests that resilience could help sustain healthy psychological 

characteristics where nurses might otherwise experience high levels of stress or burnout. 

A quantitative study found that 87% of the 332 nurses studied exhibited symptoms of 

anxiety, depression, or posttraumatic stress disorder (Mealer, Burnham, Goode, 

Rothbaum, & Moss, 2009). Another quantitative study identified that 80% of the 744 

intensive care nurses studied had symptoms in at least one of the three dimensions: 

emotional exhaustion, depersonalisation, or lack of personal accomplishment (Mealer, 

Jones, Newman et al., 2012). This study also showed that 22% of the nurses were highly 

resilient and they had lower profiles of posttraumatic stress disorder and burnout 

syndrome (Mealer, Jones, Newman et al., 2012). A qualitative study interviewed 27 
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intensive care nurses and found links between nurse resilience and the ability to maintain 

healthy psychological characteristics as well as to utilise positive coping skills to deal with 

workplace challenges (Mealer, Jones, & Moss, 2012). Research to understand the role of 

resilience in helping nurses improve their ability to deal with work adversity is needed. 

 

Nurse resilience has been described as a tool or skill that enables nurses to 

overcome workplace adversity (Young & Rushton, 2017), focus on building or enhancing 

capacity (Delgado, Upton, Ranse, Furness, & Foster, 2017), modify, balance, and control 

themselves in unfavourable environments (Jackson, Firtko, & Edenborough, 2007), or 

seek solutions to challenges (Sanderson & Brewer, 2017). In high pressure and high 

stress nursing specialities such as oncology, resilience has been described as an innate 

energy or life force to cope more effectively during difficult situations and fortify nurses’ 

biopsychosocial spiritual well-being (Grafton et al., 2010). In the intensive care speciality, 

it has been defined as cognitive flexibility, coping ability, and adaptability (Mealer, Jones, 

Newman et al., 2012). Overall, resilience is a multifactorial and adaptive evolutionary 

process combining individual personal traits along with experience (Robertson et al., 

2016). Despite the lack of consensus on a definition, nurse resilience is an important 

construct that has received significant attention in the literature. Understanding the factors 

associated with nurse resilience is important for the identification of strategies to 

attenuate the effects of nursing shortages. 

 

2.1.2 Background information. 

Due to the multifaceted nature of nurse resilience, inconsistencies exist when 

exploring the associated factors in literature. Some studies considered that collegial 

networks, self-care, and motivation contributed to resilience (McDonald, Jackson, 

Vickers, & Wilkes, 2016; Shimoinaba, O'Connor, Lee, & Kissane, 2015). However, it is 

unclear whether age, experience, education, or years in nursing contributed to nurse 

resilience (Hart, Brannan, & De Chesnay, 2014). It is also ambiguous whether social 

resources (family, friends, or peer support), physical activity, personal beliefs, or work 

environment (lack of control and workload) are key factors associated with resilience 
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(Robertson et al., 2016). The inconsistent findings raised the following question: What are 

the personal or work-related factors associated with nurse resilience? 

 

2.1.3 Foreground information. 

This systematic review aims to identify the personal and/or work-related factors 

which influence resilience amongst nurses. The job demands-resources model developed 

by Bakker and Demerouti (2007) will be used to situate the aim of this systematic review 

and contextualise its findings. This model can be applied to various occupational settings 

and focuses on identifying specific factors that are related to employees’ well-being and 

work performance (Bakker & Demerouti, 2007). The model divides the factors into two 

categories: job demands and job resources (Bakker & Demerouti, 2007). Job demands 

include high work pressure, physical or emotional exhaustion, and workplace adversity, 

which affect employees’ mental and physical status, leading to health problems (Bakker & 

Demerouti, 2007). Job resources involve work satisfaction, social support, autonomy, and 

performance feedback, which promote employees’ work motivation, job involvement, and 

professional development, leading to enhanced well-being (Bakker & Demerouti, 2007). 

 

This systematic review will identify the key factors in association with nurse well-

being and work performance, which may influence nurses’ resilience levels. It will also 

determine whether resilience and its associated factors are the job resources (or job 

demands) that could assist (or prevent) nurses in achieving work goals and professional 

development. In addition, it will determine how these job resources act as buffers to 

attenuate the influence of job demands and decrease turnover rate by encouraging 

nurses to stay in the workforce. 

 

2.2 Method 

This systematic review has been registered in the International Prospective 

Register of Systematic Reviews, and the registered number is CRD 42018094080. 
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Results are reported according to the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses protocol (Liberati et al., 2009). 

 

2.2.1 Eligibility criteria. 

The study search eligibility criteria are listed in Table 1, following the “population”, 

“exposure”, “outcomes”, and “types of study” format for observational studies (Bettany-

Saltikov, 2012). The studies were selected if they included: (1) nurses who provided 

direct patient care, (2) healthcare settings, (3) resilience and associated individual factors, 

(4) quantitative methods, and (5) study quality was ranked as good or fair (Hawker, 

Payne, Kerr, Hardey, & Powell, 2002).  

 

Table 1  
 
Study Search Eligibility Criteria 

Search Criteria 
 Inclusion criteria Exclusion criteria 
Population  Registered nurses and enrolled nurses 

directly involved in patient care  

Nurse managers, student nurses, nurse 

assistants, physicians, nurse specialists and 

health care personnel who are not directly 

involved in patient care 

Exposure Tertiary hospital settings, primary 

health care, rest homes, and the 

community 

Nonhealth care settings 

Outcomes  Resilience associated individual 

personal and work-related factors 

Group resilience  

Types of studies 

 

Quantitative studies  Summaries, commentaries, review documents, 

case studies, qualitative studies, systematic 

reviews, integrative reviews, and literature 

reviews 

Quality 

assessment 

Quality assessment ranked as good or 

fair (Hawker et al., 2002) 

Quality assessment ranked as poor or very 

poor (Hawker et al., 2002) 

Note. A quality assessment tool (Hawker et al., 2002) was used to assess the quality of the selected studies 

using a Likert Scale with four being good, three fair, two poor, and one as very poor.  
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The reporting eligibility criteria included “English language of publication”, 

“publication year (2000-2018)”, “peer review”, and “academic journals”. Any “non-English 

articles”, “unable to obtain full text articles”, and “nonresearch articles”, such as 

conference papers, commissioned reports, and organisational reports, were excluded. 

Following the aim of this systematic review, the time frame between 2000 and 2018 was 

selected to limit the search results from the electronic databases to enable the discussion 

to remain in the current literature. 

 

2.2.2 Search strategy. 

The systematic search was undertaken between March and April 2018 in five 

databases: CINAHL Plus, MEDLINE (Ovid), PsycINFO, EMBASE, and Scopus. 

Experienced librarians and the skilled wider research team collaborated to identify 

relevant databases, taking into account extant literature and undertaking test searches to 

determine sensitivity and specificity. The following search terms were utilised in each 

database: resilience, hardiness, work, employ, occupation, job, and nursing. The 

searched populations included general workers and nurses. A full description of search 

terms and strategies used in each database is shown in Table 2. 

 

Table 2  
 
Search Strategies  

Column terms  

Combined with 

Population 1 

AND 

Population 2 

AND 

Exposure 

AND 

Outcomes 

AND 

OR 1 Nurs* 2 Work*  7 Resilien* 

OR  3 Employ*  8 Hardiness 

OR  4 Occupation*   

OR  5 Job*   

 1 6 Combine 2-5  9 Combine 7-8 

  using “OR”  using “OR” 

      Note. The final step combined steps 1+6+9 together using “AND” to identify studies related to nurse resilience.  
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2.2.3 Study selection. 

Database search results were exported to RefWorks and duplicates were 

removed. The results were then screened (by title, abstract, and full text) and some 

articles excluded in compliance with the eligibility criteria. A template was developed for 

data extraction according to the format (population, exposure, outcomes, and types of 

study) in order to standardise the systematic review process and improve the validity of 

the results (Bettany-Saltikov, 2012). The data in the template included study purpose, 

method, sample size, inclusion criteria, outcomes, and types of outcome measures. The 

researcher (Fiona Yu) and an experienced researcher (Deborah Raphael) performed the 

search independently, and any discrepancies were resolved through the research team 

discussions. 

 

2.2.4 Analysis method. 

Due to substantial heterogeneity in study outcomes and exposure measures, a 

meta-analysis was inappropriate, and a narrative synthesis was utilised to analyse the 

collated studies. The narrative synthesis followed the job demands-resources model 

(Bakker & Demerouti, 2007) to identify job demands and job resources in association with 

nurse resilience. The process included textual descriptions, similar data grouping, 

transforming data into a common rubric, and translating data using thematic or content 

analysis (Bettany-Saltikov, 2012). Additionally, translating the study findings into the 

primary themes, tabulating generated analytical ideas, and vote counting were used to 

aggregate results and draw conclusions. 

 

2.2.5 Quality assessment. 

A tool, developed by Hawker and colleagues (Hawker et al., 2002), was selected 

to assess the quality of the included studies. The tool includes nine assessment 

questions and provides four descriptive answers for each question. The answers are 

classified using a Likert Scale with four being good, three fair, two poor, and one as very 

poor. The highest score of 36, divided by nine (questions), gives an average of four on 
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the Likert Scale, indicating that the study is ranked as good (Raphael, Frey, & Gott, 

2017). Studies were included in this systematic review, if their overall quality score was 

rated as good or fair. Excluding the lower grades of studies did not change the overall 

conclusions, but selecting the higher ranked articles instead, provided the best evidence 

for effective interventions (Ogilvie, Egan, Hamilton, & Petticrew, 2005). The researcher, 

Fiona Yu, and an experienced researcher, Deborah Raphael, carried out the study 

eligibility and quality assessment independently, and any discrepancies between them 

were resolved through discussion with all the authors. 

 

2.3 Results 

2.3.1 Study selection. 

The study selection process is demonstrated in Figure 2. The search yielded 

1,482 articles, 383 duplicates were extracted using RefWorks, and another 844 articles 

were excluded after the title and abstract screening, leaving a total of 255 articles. Full 

text screening excluded a further 173, resulting in 82 remaining articles. A further 44 

articles were excluded, as they did not meet the eligibility criteria. Of these 44 articles, 

four were ranked below fair during the quality assessment, one discussed group 

resilience, and the remaining 39 involved qualitative methods, literature reviews, or 

professionals other than Registered or Enrolled Nurses. A total of 38 articles were finally 

selected for the systematic review. A total of 1,444 articles were excluded from the study 

as it followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

protocol: identification, screening, eligibility, and inclusion (Figure 2). The specific reasons 

for excluding these articles were (1) they involved other professionals (other than nurses), 

(2) they discussed group resilience, (3) they did not use quantitative methods, and (4) 

their quality assessments were ranked poor, or very poor (Hawker et al., 2002).   
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Figure 2. A Flow Diagram for Identification, Screening, Eligibility, and Inclusion  

 
Figure 2. Study selection process following the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) protocol. Adapted from “The PRISMA Statement for Reporting Systematic 

Reviews and Meta-Analyses of Studies that Evaluate Health Care Interventions: Explanation and 

Elaboration,” by A. Liberati, D. G. Altman, J. Tetzlaff, C. Mulrow, P. C. Gøtzsche, J. P. A. Ioannidis, … 

D. Moher, 2009, PLoS Medicine, 6(7), p. 4. Copyright 2009 by BMJ Publishing Group Ltd. 
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2.3.2 Study characteristics. 

2.3.2.1 Study location and design. 

Table S1 (supplementary data in Appendix I) shows that the 38 studies were 

conducted in 13 countries: Australia, Brazil, China, Iran, Israel, Norway, Portugal, 

Singapore, South Korea, Spain, Turkey, United Kingdom (UK), and United States of 

America (USA). Of the 38 articles, one was a 2-wave survey (Lanz & Bruk-Lee, 2017), 

while another one was predictive nonexperimental (Larrabee et al., 2010). Three were 

longitudinal (Laschinger, Wong, Regan, Young-Ritchie, & Bushell, 2013; Saksvik-

Lehouillier et al., 2012; Saksvik-Lehouillier, Bjorvatn, Magerøy, & Pallesen, 2016) and the 

remaining 33 were cross-sectional studies. 

 

2.3.2.2 Participants. 

The 38 studies involved 18,705 nurses engaged in direct patient care. The mean 

(M) age of the nurses was unreported in 15 studies (Table S1, supplementary data in 

Appendix I). In the remaining 23 studies, the average age ranged from 22.5 (standard 

deviation [SD] = 1.7) years to 48.8 (SD = 8.7) years. The participants in the study by 

Wang, Tao, Bowers, Brown and Zhang (2018) had a considerably younger mean age (M 

= 22.5), while the nurses in the study by Itzhaki et al. (2015) had an older mean age of 

participants (M = 48.8). 

 

2.3.2.3 Study measures. 

Table S2 (supplementary data in Appendix I) shows that the studies used four 

existing scales to measure nurse resilience: the Connor-Davidson Resilience Scale, the 

Resilience Scale, the Stress Resilience Profile, and the Dispositional Resilience 

(Hardiness) Scale Revised. The Connor-Davidson Resilience Scale includes two 

versions: Connor-Davidson Resilience Scale 10 and Connor-Davidson Resilience Scale 

25, while the Resilience Scale entails four variants: Resilience Scale 14, Resilience Scale 

25, Resilience Scale 29, and Resilience Scale 33. Various types of resilience scales and 
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different versions of one scale made the study results unfeasible to collate for a meta-

analysis. 

 

2.3.2.4 Outcomes. 

The primary outcome was that resilience had mediating effects on job demand 

factors in 28 studies. These job demand factors were burnout, stress, workplace bullying, 

anxiety, depression, posttraumatic stress disorder, and fatigue. Resilience was positively 

associated with the factors of job resources in 26 studies. These positive factors were 

coping skills, social support, self-efficacy, job satisfaction, job retention, and general well-

being. Additionally, inconsistent conclusions existed between demographic factors and 

resilience in 14 studies. These outcomes will be discussed in detail in the sections of 

“Results of individual studies” and “Results syntheses”. 

 

2.3.3 Quality assessment and risk of bias. 

The quality of the 38 studies was assessed, using the quality assessment tool of 

Hawker et al. (2002), as outlined in Table S1 (supplementary data in Appendix I). Overall, 

23 studies were rated as good, while 15 were assessed as fair. Table 3 shows the areas 

identified at high risk of bias in 20 articles. Primarily, five studies were found to have 

“missed stating the identified gap in the background”, four failed to discuss the area of 

“ethics and bias”, and eleven did not discuss the area of “transferability/generalisability”. 

Risk of bias was also found in the “findings/results” section of nine studies. For example, 

to achieve a good grade in the findings/results section, a study must meet the following 

standards: “findings explicit, easy to understand, in a logical progression”, “results relate 

directly to aims”, and “sufficient data are presented to support findings” (Hawker et al., 

2002, p. 1297). On this basis, the findings in three studies (Abdollahi, Abbas, Abu Talib, 

Yaacob, & Ismail, 2014b; Carlotto, Queirós, Dias, & Kaiseler, 2014; Ding et al., 2015) 

were not explicit, easy to understand, or in a logical progression, while in three other 

studies (Ren et al., 2018; Russo, Calo, Harrison, Mahoney, & Zavotsky, 2018; Zheng et 

al., 2017), the results did not relate directly to aims, and another three studies (Hsieh, 
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Hung, Wang, Ma, & Chang, 2016; Manzano García & Ayala Calvo, 2012; Pannell, Rowe, 

& Tully, 2017) did not provide sufficient data to support findings. 
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Table 3  
 
Summary of the Identified Areas of Risk of Bias in the Studies 

   
 
 
 
 
No. First author/Year 

Introduction  

 

            Data analysis 

 

Findings/results   Ethics and 
  bias 

Transferability/ 

generalisability 

Implications/ 

usefulness 

Missed stating 

the identified 

gap in the 

background 

The number given in 

the text not 

corresponding to the 

number in the table  

Graph or 

table missing 

No explanation 

of data analysis 

Unclear 

explanation of 

findings and 

results 

No discussion 

of ethics and 

bias 

No discussion of 

transferability and 

generalisability 

 

No discussion of 

implications and 

usefulness 

1.Abdollahi, 2014b     ü    
2.Carlotto, 2014     ü  ü  
3.Ding, 2015     ü  ü  
4.Hernandez, 2016       ü ü 
5.Hsieh, Chen, 2016       ü  
6.Hsieh, Hung, 2016 ü    ü  ü  
7.Hsieh, 2017 ü        
8.Judkins, 2005      ü ü  
9.Kutluturkan, 2016       ü  
10.Laschinger, 2013 ü      ü  
11.Manzano García, 2012     ü    
12.Mills, 2017 ü       ü 
13.Pannell, 2017     ü ü   
14.Ren, 2018     ü  ü  
15.Rushton, 2015      ü ü  
16.Russo, 2018   ü ü ü ü   
17.Saksvik-Lehouillier, 2012  ü       
18.Sauer, 2017 ü       ü 
19.Wang, 2018       ü  
20.Zheng, 2017    ü ü    

                                    Note. ü  indicates identified areas of risk of bias in the studies
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2.3.4 Results of individual studies. 

The resilience mean level and standard deviation from each study is shown in 

Table S2 (supplementary data in Appendix I). Five studies did not report mean levels of 

resilience (Hsieh, Chang, & Wang, 2017; Manzano García & Ayala Calvo, 2012; Mealer, 

Jones, Newman et al., 2012; Mealer, Jones, & Meek, 2017; Pannell et al., 2017). In the 

remaining 33 studies, aggregation of mean levels of resilience was not possible due to 

the various resilience measures used. The results for individual studies related to factors 

are discussed in the following paragraphs. 

 

2.3.4.1 Demographic factors in individual studies. 

The identified demographic factors, in relation to resilience, included sex, age, 

marital status, dependents, education, nursing experience, income, job grade, cigarette 

use, alcohol use, exercise, and shift work. The results varied from study to study as to 

whether these demographic factors were statistically significantly associated with nurse 

resilience. Ang et al. (2018) identified that age (odds ratio = 1.9, ρ < .05, confidence 

interval [CI] [1.4, 2.5]), marital status (odds ratio = 1.9, ρ < .001, CI [1.5 to 2.5]), education 

(odds ratio = 1.9, ρ < .001, CI [1.4, 2.7]), and job grade (odds ratio = 0.9, ρ < .01, CI [.6, 

1.2]) were statistically significantly associated with resilience. In contrast, the study by 

Gillespie, Chaboyer, Wallis, and Grimbeek (2007) stated that resilience was not 

associated with age (t-statistic = .8, ρ = .41), education (t-statistic = -.3, ρ = .75), or 

nursing experience (t-statistic = .3, ρ = .79). Gillespie, Chaboyer, and Wallis (2009) 

reanalysed the study sample and further stated that education was not related to 

resilience (coefficient of determination r2 = .5, ρ > .05). They also identified that though 

age (ρ < .05) and experience (ρ < .001) were statistically significantly associated with 

resilience, their coefficient of determination (r2 = 1.5; r2 = 2.6) showed that the association 

was very weak (Gillespie et al., 2009). Therefore, the study concluded that resilience was 

not necessarily reliant on age, experience, and education (Gillespie et al., 2009). 
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Guo et al. (2017) stated that education (t/F = 8.5, ρ < .001), income (t/F = 3.7, ρ 

< .01), cigarette use (t/F = 2.6, ρ < .01), and exercise (t/F = -5.8, ρ < .001) were 

statistically significant factors, while marital status (t/F = 1.2, ρ = .31), dependents (t/F 

= .16, ρ = .87), job grade (t/F = 1.4, ρ = .24), or alcohol use (t/F = 1.2, ρ = .24) were not 

related to resilience. Similarly, Hsieh, Hung et al. (2016) found that age (β = .2, ρ = .65, 

CI [-.6, .9]), marital status (β = -1.8, ρ = .57, CI [-9.3, 4.6]), education (β = 3.9, ρ = .20, CI 

[-2.1, 9.9]) or job grade (β = .5, ρ = .22, CI [-.3, 1.3]) were unrelated to resilience. 

However, the study by Hsieh et al. (2017) found that education (β = .1, t = 2.4, ρ < .05) 

was the only statistically significant factor associated with resilience. 

 

Ren et al. (2018) ascertained that resilience was linked to sex (t/F = -2.2, ρ 

< .05), education (t/F = 5.0, ρ < .01), job grade (t/F = 2.8, ρ < .05), or shift work (t/F = -2.7, 

ρ < .01), but not to age (t/F = .8, ρ = .54), marital status (t/F = .8, ρ = .46), or nursing 

experience (t/F = 1.2, ρ = .30). Similarly, Pannell et al. (2017) found that age (ρ > .05) or 

nursing experience (ρ > .05) were not statistically significant in relation to resilience. 

Contrastingly, Zheng et al. (2017) identified that age (ρ < .05) and nursing experience (ρ 

< .005) were statistically significant factors. In line with this, the studies of Mealer, Jones, 

Newman et al. (2012) and Kutluturkan, Sozeri, Uysal, and Bay (2016) concluded that age 

(ρ < .05; ρ < .05) and nursing experience (ρ = .05; ρ < .05) were statistically significant 

factors concerning resilience. Therefore, it can be seen that there are no consistent 

conclusions found in these included studies as to whether or not nurse resilience is 

associated with personal factors.  

 

2.3.4.2 Work-related factors in individual studies. 

The identified negative factors (job demands) were stress, burnout, fatigue, 

anxiety, depression, posttraumatic stress disorder, and workplace bullying, whereas the 

positive factors (job resources) were job satisfaction, coping skills, social support, self-

efficacy, job retention, and general well-being. Abdollahi, Abu Talib, Yaacob, and Ismail 

(2014a), Abdollahi et al. (2014b), and Hernandez, Morgan, and Parshall (2016) 

concluded that stress was negatively related to resilience (r = -.5, ρ < .01; r = -.7, ρ < .05; 
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r = -.5, ρ < .01). Ding et al. (2015) concluded that burnout (r = -.2, ρ < .01) also negatively 

correlated with resilience, while coping skills (r = .4, ρ < .01) and self-efficacy (r = .7, ρ 

< .01) were positively associated with resilience. The studies by Gillespie et al. (2007), 

Guo et al. (2017), Rushton, Batcheller, Schroeder, and Donohue (2015), and Zhou et al. 

(2017) came to the same conclusion as Ding et al. (2015). 

 

Interestingly, Gillespie et al. (2007) stressed that social support (β = -2.0%, t = 

-.4, ρ = .68) was not statistically significantly related to resilience. Contrastingly, the 

studies by Hsieh, Chen, Wang, Chang, and Ma (2016), Hsieh, Hung et al. (2016), and 

Hsieh et al. (2017) emphasised that social support (β = -3.0%, ρ < .01; β = 1.7, ρ < .001; 

β = .2, t = 2.8, ρ < .01) was statistically significantly associated with resilience. Similarly, 

the studies by Russo et al. (2018) and Wang et al. (2018) confirmed that social support (r 

= .2, r = .3, ρ < .05; β = .2, ρ < .05) was correlated with resilience.  

 

Additionally, Mealer, Jones, Newman et al. (2012) identified that resilience was 

negatively associated with burnout (odds ratio = .2, ρ < .001, CI [.1, .3]), anxiety and 

depression (odds ratio = .3, ρ < .001, CI [.1, .5]), and posttraumatic stress disorder (odds 

ratio = .3, ρ < .001, CI [.1, .5]). Mealer, Jones et al. (2017) further identified that resilience 

had significant direct effects on the development of posttraumatic stress disorder (β = -.5, 

odds ratio = .7, ρ < .05, CI [.7, .8]). Saksvik-Lehouillier et al. (2012, 2016) perceived that 

fatigue (β = -.1, ρ < .01; β = -.2, ρ < .001), anxiety (β = -.1, ρ < .01; β = -.3, ρ < .001), and 

depression (β = -.1, ρ < .01; β = -.4, ρ < .001) had a negative relationship with resilience. 

Another two studies (Rushton et al., 2015; Yu & Lee, 2018) also discerned that stress (r = 

-.4, ρ < .01; r = -.3, ρ < .01) and burnout (r = -.3, ρ < .01; r = -.3, ρ < .001) were negatively 

related to resilience. The results from individual studies indicate that resilience is 

negatively associated with the factors of job demands, while positively related to those of 

job resources. 
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2.3.5 Results syntheses. 

2.3.5.1 Measure syntheses. 

As with the definitions of resilience, different resilience scales were used in the 

selected studies. This substantial heterogeneity made it unfeasible to synthesise the 

evidence using a meta-analysis. Two versions of the Connor-Davidson Resilience Scale 

(Connor-Davidson Resilience Scale 10 and 25) were used in 19 studies, while four 

versions of the Resilience Scale (Resilience Scale-14, 25, 29, and 33) were utilised in 

eight studies (Table S2, supplementary data in Appendix I). The overall participants’ 

resilience mean levels were not comparable in the studies due to the different scale 

versions used. 

 

Thirteen studies utilised the Connor-Davidson Resilience Scale 25 and six used 

the Connor-Davidson Resilience Scale 10. Table 4 summarises the statistical methods 

used, Cronbach’s alpha, and the resilience mean levels from the 13 studies that utilised 

the Connor-Davidson Resilience Scale 25. The statistical methods used mainly 

correlation analysis, t test, and multiple regression models. The Cronbach’s alpha ranged 

from .89 to .95, indicating a high internal consistency of the Connor-Davidson Resilience 

Scale 25 in these studies, as a cut-off point of .70 is an acceptable level (Field, 2014). 

 

The Connor-Davidson Resilience Scale 25 is scored as low (scores ≤ 25th 

percentile), moderate (25th percentile < scores ≤ 50th percentile), high (50th percentile < 

scores ≤ 75th percentile), and higher (scores > 75th percentile) (Connor & Davidson, 

2003). Of the thirteen studies, four identified that the participants had higher mean 

resilience levels (Gillespie et al., 2007; Gillespie et al., 2009; Hernandez et al., 2016; 

Russo et al., 2018), while six recognised that nurses had high mean levels (Cho & Kang, 

2017; Gao et al., 2017; Guo et al., 2017; Guo et al., 2018; Ren et al., 2018; Rushton et 

al., 2015). The remaining three did not provide data on the mean resilience levels 

(Manzano García & Ayala Calvo, 2012; Mealer, Jones, Newman et al., 2012; Mealer, 

Jones et al., 2017).  
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Table 4  
 
Summary of the Studies that Used the Connor-Davidson Resilience Scale 25 

No.  Author, year Statistical Methods  Cronbach’s  

alpha) 

Sample  

Size (N) 

Resilience 

M(SD) 

1.Cho, 2017 Pearson correlation, hierarchical 

multiple regressions 

.92   179 59.6 (12.3)  

2.Gao, 2017 Hierarchical multiple regressions .95   363 55.2 (18.3) 

 

3.Gillespie, 2007 Bivariate, regression analysis .90   772 75.9 (11.0) 

 

4.Gillespie, 2009 Principle component analysis 

(PCA); Pearson’s product-moment 

correlations 

.90   735 75.9 (11.0) 

 

5.Guo, 2017 Analysis of variance (ANOVA), t 

test, multiple linear regression 

.92 1,061 63.8 (12.8) 

 

6.Guo, 2018 Pearson correlation, multiple linear 

regression 

.92 1,061 63.8 (12.8) 

 

7.Hernandez, 2016 Multivariate analysis of variance 

(MANOVA) 

Not provided    141 77.0 (12.0) 

8.Manzano-García, 

2012 

Correlations, regression analysis .89    200 Not provided 

 

9.Mealer, Jones, 

Newman, 2012 

t test, a chi2 analysis, Fisher exact 

test, ANOVA, multi-variated 

logistic regression 

.92    744 Not provided 

 

10.Mealer, Jones 

2017 

Bivariate correlations, M-plus: a 

mediation model 

.92    744 Not provided 

 

11.Ren, 2018 t test, correlations, multiple 

regression 

.91 1,356 60.0 (13.6) 

 

12.Rushton, 2015 Pearson correlation, linear 

regression 

Not provided    114 74.3 (11.0) 

 

13.Russo, 2018 Pearson correlation Not provided    353 81.5 (10.8) 

Note. The Connor-Davidson Resilience Scale 25 is scored as low (scores ≤ 25th percentile), moderate (25th 

percentile < scores ≤ 50th percentile), high (50th percentile < scores ≤ 75th percentile) and higher (scores > 75th 

percentile) (Connor & Davidson, 2003).  
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2.3.5.2 Demographic factor syntheses. 

Table 5 shows that 14 studies discussed whether or not resilience was 

associated with demographic factors. These identified demographic factors were sex, 

age, marital status, dependents, education, nursing experience, income, job grade, 

cigarette use, alcohol use, exercise, and shift work. By narratively synthesising the 14 

studies, inconsistencies were found as to whether these factors were associated with 

resilience. For instance, one study revealed that marital status was statistically significant 

in correlation with resilience (Ang et al., 2018), while four determined that it was not a 

significant factor (Guo et al., 2017; Hsieh Hung et al., 2016; Hsieh et al., 2017; Ren et al., 

2018). Seven studies identified that education was a significant factor related to resilience 

(Ang et al., 2018; Brown, Wey, & Foland, 2018; Guo et al., 2017; Hsieh et al., 2017; 

Kutluturkan et al., 2016; Mealer Jones et al., 2017; Ren et al., 2018) while four found no 

links between education and resilience (Gillespie et al., 2007; Gillespie et al., 2009; 

Hsieh, Hung et al., 2016; Mealer, Jones, Newman et al., 2012). Therefore, it cannot be 

concluded that all these identified demographic factors are associated with nurse 

resilience. 
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Table 5  
 
Summary of the Demographic and Work-Related Factors Associated With Nurse Resilience 

Factors 

 

 

Significantly 

associated with 

resilience 

Not significantly 

associated with 

resilience 

Negatively associated with 

resilience 

Positively 

associated with 

resilience 

Demographic factors     

     Sex  29 25   

     Age 3, 20, 25, 37 10, 11, 17, 28, 29   

     Marital status 3 12, 16, 17, 29   

     Dependents 25, 26 3, 12   

     Education 3, 4, 12, 17, 20, 26, 29 10, 11, 16, 25   

     Nursing experience 20, 25, 26, 37 3, 4, 10, 11, 28, 29, 30   

     Income 12    

     Job grade 3, 29  12, 16,    

     Cigarette use 12    

     Alcohol use  12   

     Exercise 12 25   

     Shift work  29   

Work-related factors     

Job Demands        

     Stress   1, 2, 14, 19, 22, 29, 30, 36  

     Burnout   5, 7, 9, 13, 20, 21, 24, 25, 30, 36  

     Fatigue   32, 33  

     Anxiety/depression   25, 32, 33  

     Posttraumatic stress disorder   6, 25 26  

     Workplace bullying   23, 34  

Job Resources     

     Job satisfaction    4, 19, 22, 37 

     Coping skills    7, 10, 12, 29, 31, 38 

     Social support  10  15, 16, 17, 31, 35 

     Self-efficacy    7, 10, 12, 29, 38 

     Job retention    21, 27, 36 

     General well-being    8, 9, 18 

Note. Numbers in the table (above) reference the following numbered articles: 1. Abdollahi (2014a); 2. Abdollahi (2014b); 3. Ang 

(2018); 4. Brown (2018); 5. Carlotto (2014); 6. Cho (2017); 7. Ding (2015); 8. Gao (2017); 9. García-Izquierdo (2018); 10. Gillespie 

(2007); 11. Gillespie (2009); 12. Guo (2017); 13. Guo (2018); 14. Hernandez (2016); 15. Hsieh, Chen (2016); 16. Hsieh, Hung 

(2016); 17. Hsieh (2017); 18. ltzhaki (2015); 19. Judkins (2005); 20. Kutluturkan (2016); 21. Lanz (2017); 22. Larrabee (2010); 23. 

Laschinger (2013); 24. Manzano-García (2012); 25. Mealer, Jones, Newman (2012); 26. Mealer, Jones (2017); 27. Mills (2017); 

28. Pannell (2017); 29. Ren (2018); 30. Rushton (2015); 31. Russo (2018); 32. Saksvik-Lehouillier (2012); 33. Saksvik-Lehouillier 

(2016); 34. Sauer (2017); 35. Wang (2018); 36. Yu (2018); 37. Zheng (2017); 38. Zhou (2017). 
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2.3.5.3 Work-related factor syntheses. 

Table 5 demonstrates that the factors of job demands, negatively associated with 

resilience, included stress, burnout, fatigue, anxiety, depression, posttraumatic stress 

disorder, and workplace bullying. Eight studies found that the higher the nurses’ stress 

levels were, the lower their resilience levels became (Abdollahi et al., 2014a; Abdollahi et 

al., 2014b; Hernandez et al., 2016; Judkins & Rind, 2005; Larrabee et al., 2010; Ren et 

al., 2018; Rushton et al., 2015; Yu & Lee, 2018). Ten identified that nurses with high 

resilience levels exhibited less burnout (Carlotto et al., 2014; Ding et al., 2015; García-

Izquierdo, Meseguer de Pedro, Ríos-Risquez, & Sánchez, 2018; Guo et al., 2018; 

Kutluturkan et al., 2016; Lanz & Bruk-Lee, 2017; Manzano García & Ayala Calvo, 2012; 

Mealer, Jones, Newman et al., 2012; Rushton et al., 2015; Yu & Lee, 2018). 

 

Two longitudinal studies concluded that resilience reduced nurse fatigue, thus 

increasing nurses’ shift work tolerance thresholds (Saksvik-Lehouillier et al., 2012; 2016), 

while three determined that a strong inverse association existed between 

anxiety/depression and resilience (Mealer, Jones, Newman et al., 2012; Saksvik-

Lehouillier et al., 2012; Saksvik-Lehouillier et al., 2016). Another three studies 

summarised that intensive care nurses were regarded as a high-risk group for 

posttraumatic stress disorder and enhanced resilience could reduce its effects (Cho & 

Kang, 2017; Mealer, Jones, Newman et al., 2012; Mealer, Jones et al., 2017). Two 

perceived that increased resilience levels could help nurses face adversity, mitigating the 

effects of workplace bullying (Laschinger et al., 2013; Sauer & McCoy, 2017).  

 

Table 5 also shows that the factors of job resources, positively associated with 

nurse resilience, included job satisfaction, coping skills, social support, self-efficacy, job 

retention, and general well-being. Four studies found that the more resilient nurses had 

greater job satisfaction, compared to those having lower resilience levels (Brown et al., 

2018; Judkins & Rind, 2005; Larrabee et al., 2010; Zheng et al., 2017). Six concluded 

that active coping skills improved nurse resilience (Ding et al., 2015; Gillespie et al., 2007; 

Guo et al., 2017; Ren et al., 2018; Russo et al., 2018; Zhou et al., 2017). Five inferred 
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that a rich social support system enhanced nurse resilience (Hsieh, Chen et al., 2016; 

Hsieh, Hung et al., 2016; Hsieh et al., 2017; Russo et al., 2018; Wang et al., 2018), but 

one announced that there was no relationship between social support and resilience 

(Gillespie et al., 2007). In addition, five studies judged that self-efficacy was a statistically 

significant factor to increase resilience (Ding et al., 2015; Gillespie et al., 2007; Guo et al., 

2017; Ren et al., 2018; Zhou et al., 2017). Three concluded that resilience increased job 

retention (Lanz & Bruk-Lee, 2017; Mills, Woods, Harrison, Chamberlain-Salaun, & 

Spencer, 2017; Yu & Lee, 2018). Another three believed that the more resilient the 

nurses were, the better their general well-being (Gao et al., 2017; García-Izquierdo et al., 

2018; Itzhaki et al., 2015). Overall, the synthesised results show that nurse resilience is 

negatively associated with job demands and positively related to job resources. 

 

2.4 Discussion 

2.4.1 Summary of evidence. 

The purpose of this systematic review was to identify the personal and work-

related factors associated with resilience. Based on the evidence collated from the 38 

included articles, this systematic review analysed resilience and its associated factors 

within the categories of job demands and job resources for improving resilience. 

Systematic analysis of nurse resilience has so far attracted a lack of attention, so this is 

the first systematic review of nurse resilience. Applying the job demands-resources model 

(Bakker & Demerouti, 2007) in nursing practice, a better understanding of resilience 

would be a job resource that could empower nurses to unlock their potential and achieve 

positive outcomes when facing challenges at work. It may enhance work engagement 

that leads to increased job satisfaction and retention of nurses, thus creating a healthy 

nursing workforce (Moloney et al., 2018).  

 

This systematic review has identified inconsistencies across studies as to 

whether personal factors are associated with resilience. The identified personal factors 

included sex, age, marital status, dependents, education, nursing experience, job grade, 
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and exercise. For example, Gillespie et al. (2007) concluded that age, education, and 

nursing experience were not associated with nurse resilience. In contrast, Ren et al. 

(2018) argued that sex and education were related to resilience, while Mealer, Jones, 

Newman et al. (2012) perceived that education and nursing experience were associated 

factors. The finding from this review is supported by an integrative review of Hart et al. 

(2014), who identified the discrepancies of resilience among different demographic 

factors. This indicates that further research is necessary to explore the relationships 

between demographic factors and nurse resilience. The results may assist managers to 

identify personal resilience characteristics to provide better support for improving nurse 

resilience. 

 

Drawing from the job demands-resources model (Bakker & Demerouti, 2007), the 

systematic review has identified that resilience could help mitigate the effects of job 

demands that include stress, burnout, fatigue, anxiety, depression, posttraumatic stress 

disorder, and workplace bullying. When nurses experience high job demands, resilience 

is perceived as a mediator between happiness and stress (Abdollahi et al., 2014a), a 

protector against burnout (Kutluturkan et al., 2016), and a buffer to prevent nurses from 

developing burnout syndrome (Arrogante & Aparicio-Zaldivar, 2017). Resilience is also 

recognised as an ameliorator that could attenuate the effects of posttraumatic stress 

disorder, anxiety, and depression (Mealer, Jones, Newman et al., 2012). In addition, 

resilience is regarded as an aid that could enhance nurses’ inner strength to deal with 

workplace bullying (Hsieh, Chen et al., 2016). The findings from this systematic review 

reflect that resilience is a nurse’s adaptability to reduce their vulnerability to workplace 

adversity, thus diminishing the negative effects of job demands. The conclusion 

corresponds with that from a literature review by Jackson et al. (2007), who believed that 

resilience is the ability of an individual to be able to see the positive aspects and potential 

benefits in a stressful situation. The conclusion is also in accordance with another 

literature review by Grafton et al. (2010). They discerned that resilience is an innate 

resource that can be developed through interventions, such as education and 

environmental support, to reduce the effects of workplace difficulties. 
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Aligning with key components of the job demands-resources model (Bakker & 

Demerouti, 2007), the present systematic review has also concluded that coping skills 

and self-efficacy, as vital job resources, are positively associated with resilience. This has 

provided clear evidence that resilience has a mediating effect on the relationship between 

job resources and job demands. Nurses who have positive coping skills and a strong 

sense of self-efficacy exhibit lower levels of emotional exhaustion, which in turn can raise 

resilience levels (Ding et al., 2015). Resilience that arises out of a belief in one’s own self-

efficacy and the necessary coping skills can be utilised to help nurses deal with 

challenging situations (Gillespie et al., 2007). This indicates that a high degree of self-

efficacy and efficient coping mechanisms may lead nurses to experiencing lower work 

pressure, better emotional adaption, and less burnout (Guo et al., 2017). This also 

indicates that resilience is a nurse’s capacity to transform the self-destructive forces into a 

proactive outlook on life (Zhou et al., 2017). The conclusion from the present systematic 

review is consistent with the finding from an integrative review by Delgado et al. (2017), 

who uncovered that resilience is an overarching process that enables nurses to increase 

their capacity.     

 

Furthermore, this present systematic review has identified that social support, job 

satisfaction, job retention, and general well-being, as essential job resources, are 

positively associated with resilience. These job resources, involving social and 

organisational factors, are also regarded as buffers against job demands (Bakker & 

Demerouti, 2007). Social support can provide individuals with more resources, thus 

reducing the development of depressive tendencies, encouraging nurses to have a 

positive attitude towards life, and enhancing their resilience (Hsieh, Chen et al., 2016; 

Hsieh, Hung et al., 2016; Hsieh et al., 2017). The more resilient the nurses are, the 

greater their job satisfaction (Brown et al., 2018; Judkins & Rind, 2005; Zheng et al., 

2017), and the better their general well-being (Gao et al., 2017). Therefore, resilience 

influences nurses’ health, job involvement, and turnover intention (Mills et al., 2017; Yu & 

Lee, 2018). The finding from the present review is in line with a meta-analysis involving 
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87,634 participants, which concluded that health well-being was related to work 

performance, increased overall job satisfaction, and healthy outcomes (Ford, Cerasoli, 

Higgins, & Decesare, 2011). The finding is also in agreement with the integrative review 

by Hart et al. (2014), who reported that good social support and resources could help 

nurses reduce emotional exhaustion and burnout, thus preventing turnover by 

encouraging them to stay in the profession. 

 

Finally, the review has found there is no consistent instrument for resilience 

measurement. Some studies used the Connor-Davidson Resilience Scale, while others 

utilised the different versions of the Resilience Scale. This precluded comparison of 

participants’ resilience levels across all the included studies. Accordingly, future research 

should focus on developing a new instrument or consistent scale with one of the existing 

measurements to encompass all personal and work-related factors. This may improve 

generalisations of the results, reduce the selection bias, and enhance study quality. 

Comparably, another systematic review, involving 6,174 primary healthcare 

professionals, identified that existing resilience measures varied from study to study 

(Robertson et al., 2016). Therefore, these factors should be taken into consideration 

when developing a new instrument. 

 

2.4.2 Limitations. 

Several methodological limitations exist in this systematic review. Firstly, some 

studies did not provide detailed information, such as mean age, clinical setting, or 

resilience mean levels. The missing information made it difficult to identify the study 

characteristics and their representativeness of the nursing populations. It also has limited 

ability in detecting the unique findings and generalise them to other clinical areas. 

Secondly, restricting the searches to “English language of publication”, “publication year 

(2000-2018)”, “peer review”, “academic journals”, and “nursing area” may have excluded 

some useful studies from the search results. Thirdly, the 38 studies primarily used a 

cross-sectional survey; thus, causality cannot be inferred. The multidimensional 

characteristics of resilience and multiple instruments used for resilience measurement 
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limited the researchers’ ability to synthesise and compare the findings across the included 

studies. 

 

2.4.3 Implications for research and practice. 

Resilience as an innate energy or life force can empower nurses to positively 

adapt to stressful situations and use the experiences as a learning process (Grafton et 

al., 2010). Understanding resilience can increase a nurse’s ability to effectively cope with 

work stress and act proactively in identifying and preventing potential problems. It may 

also enhance self-awareness to achieve personal and professional growth, develop inner 

strength, and strike a balance between risk and protective factors (Shimoinaba et al., 

2015). Thus, it is important for future research to develop a definitive definition that would 

enable nurses to better understand resilience to help increase their inner power.    

 

Coping skills, self-efficacy, and social support are essential job resources for 

nurses to build resilience and increase their inner energy to buffer job demands. Several 

ways to increase nurses’ coping skills, self-efficacy, and social support are to design 

evaluation programs, make facilitators available, and develop the relevant workshops. 

Weekly sessions of workplace group interventions could be implemented using 

mindfulness-based strategies that include meditation, mild yoga movement, and music. 

These interventions can reduce nurses’ emotional exhaustion, increase work 

engagement, and improve resilience (Steinberg, Klatt, & Duchemin, 2017). A hospital-

wide resilience evaluation program could also help nurses recognise the physical, mental, 

and emotional effects of stress and assist them in developing institutional coping 

strategies for workplace challenges (Potter, Deshields, & Rodriguez, 2013). 

 

Although this systematic review was unable to conclude whether age, education, 

or nursing experience was associated with resilience, the findings suggest that a 

supportive work environment should be created for younger or less experienced nurses to 

improve resilience. The strategies include access to training, career progression, choice 

of hours, colleague support, performance feedback, and schedule flexibility. Preventing 
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experienced nurses’ unprofessional behaviour such as belittling, negative criticism, or 

bullying, may mitigate the negative impacts on newly graduated nurses, thus retaining 

them in the nursing workforce (Freeling & Parker, 2015; Vogelpohl, Rice, Edwards, & 

Bork, 2013). Audiotaped clinical scenarios can be used for performance feedback or 

critical reflection to build supportive and collaborative collegial relationships (McDermid, 

Peters, Daly, & Jackson, 2016; McDonald, Vickers, Mohan, Wilkes, & Jackson, 2010). An 

educational programme can be delivered, equipped with coping skills and emotional 

regulation, in conjunction with external supportive resources, to face workplace adversity 

(Foster et al., 2018). 

 

Interventions for improving nurses’ resilience should be accomplished within the 

constraints of the unique characteristics of different nursing specialities. Written exposure 

sessions, event-triggered counselling, mindfulness-based stress reduction, and regular 

aerobic exercise, can be used to mitigate the effects of catastrophic situations (Mealer et 

al., 2014; Mealer, Hodapp et al., 2017). Evaluating interpretive styles (Pannell et al., 

2017), effective mentoring (Levine et al., 2017), healthy eating, adequate sleep, and 

regular exercise (Rushton et al., 2015) can provide nurses innumerable benefits and 

enable them to function effectively in stressful and emotionally charged situations without 

being overwhelmed. 

 

Further research on resilience would help nurses better cope with workplace 

challenges, increase their capabilities, and reduce vulnerabilities. Establishing a 

consistent measurement framework would assist researchers to compare the results from 

different studies to draw robust conclusions for improving nurse resilience. Additionally, 

developing interventions should target nurses to assist in strengthening their internal 

resources and attenuating the effects of workplace adversity to stay in the nursing 

workforce.  
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2.5 Conclusions 

This systematic review has synthesised evidence on nurse resilience and the 

associated factors. It identified that resilience plays a mediating role in attenuating the 

effects of job demands (work stress, burnout, posttraumatic stress disorder, workplace 

bullying, fatigue, anxiety, and depression). It also revealed that job resources (coping 

skills, self-efficacy, and social support) could foster building resilience, help recruit and 

retain nurses within the workforce, and promote a positive organisational work culture. 

Additionally, the review suggested that developing institutional strategies would help 

nurses become and remain resilient within their healthcare environment. Further research 

is needed to explore nurse resilience and develop a consistent instrument to identify the 

associated factors within various clinical settings. 

 

2.6 Postscript 

The systematic review enabled the researcher to identify the lack of resilience 

studies in nurses in New Zealand, especially those in ICUs. Enhancing resilience is 

important for ICU nurses, as they are at high risk of developing posttraumatic stress 

disorder. Therefore, this study focused on exploring ICU nurse resilience and the conflicting 

personal factors, such as physical activity or marital status, identified in this systematic 

review.      
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Chapter 3: Methodology 

 

3.1 Introduction 

As identified in the preceding systematic review in Chapter 2, resilience is defined 

as a nurse’s adaptability, capacity, and ability to solve problems and seek solutions. The 

primary conclusion drawn from the systematic review was that inconsistent evidence 

existed as to whether resilience was associated with personal and work-related factors in 

the nursing workforce. Review findings identified that nurse resilience was negatively 

related to job demands but positively linked to job resources. These findings have 

established a gap in the literature with regard to nurse resilience. Accordingly, this 

research was planned to be conducted with New Zealand ICU nurses to explore their 

resilience and the associated factors.  

 

This chapter provides a designed research approach and describes how the 

study questions, aims, objectives, and methodology were determined for this research. 

Moreover, this chapter details a study-specific job demands-recovery framework adapted 

from the job demands-resources model and introduces four theories integrated into this 

framework to guide this research design.  

     

3.2 Pragmatism 

The word pragmatism can be understood as a way of acting to practically 

address and resolve issues (Ormerod, 2006). Pragmatism as a philosophy can be traced 

back to the 19th century when German philosophers Immanuel Kant (1724-1804) and 

Arthur Schopenhauer (1788-1860) identified that pragmatic belief is a “will” above and 

beyond the “intellect” (Ormerod, 2006). Pragmatic belief was then developed and 

transformed into a philosophical theory by American philosophers Charles Saunders 



                                                                                                     Chapter 3: Methodology 

 49 

Peirce (1839-1941), William James (1842-1910), Oliver Wendell Holmes Jr. (1841-1935), 

and John Dewey (1859-1952) (Ormerod, 2006). The core of Peirce’s pragmatism is 

focusing on the use of the practical consequences to identify whether a hypothesis is true 

or not (Legg & Hookway, 2020). Trusting “judgement” or believing “will” is the essence of 

James’ pragmatism, while experience arising from the interaction between humans and 

the world is the centre of Holmes’ pragmatism (Menand, 1997). Further, the tenet of 

Dewey’s pragmatism is that experience is from the continuous dynamic interaction 

between man and the environment (Vo & Kelemen, 2014). Overall, a pragmatist learns by 

doing and adapting to the environment to acquire new knowledge and skills that can be 

utilised to guide future practice.   

 

Pragmatism fits well into research, as it focuses on a practical course of action 

that derives from real-world outcomes (Ormerod, 2006). Pragmatism supports a scientific 

approach, which includes developing new knowledge, accepting that science is fallible, 

and reinforcing that learning is a dynamic process (Ormerod, 2006). Additionally, justified 

by correspondence with reality, pragmatism values individuals’ ideas, beliefs, and 

decisions, adapts to new science, and accommodates other philosophical stances 

(Ormerod, 2006). Therefore, action, interaction, and experience (including observation) 

are the three principles of pragmatism, which researchers can use to design and manage 

projects (Kelly & Cordeiro, 2020). Further, a 5-step model can be followed for the 

utilisation of pragmatism: (1) identifying a research problem; (2) using researchers’ beliefs 

to reflect on the nature of the identified problem; (3) considering possible actions; (4) 

determining the best methods; and (5) reflecting on Steps 1 to 4 to produce the specific 

outcomes (Kaushik & Walsh, 2019). Overall, pragmatism is useful when applied in any 

research due to its practical and accommodating nature.   

 

Pragmatism can be used in single, multiple, or mixed methods studies, as 

pragmatists think that the best method is the one that can effectively solve the problem to 

address the research question (Kaushik & Walsh, 2019). Although a pragmatic stance 

favours mixed-methods research, there are increased calls for using a pragmatist 
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approach in quantitative research (Zyphur & Pierides, 2020). This is because the 

pragmatist approach provides quantitative researchers with the necessary freedom (e.g., 

researchers can use any instruments or tools available) to make a difference in reality 

(Zyphur & Pierides, 2020). Pragmatists have different ways to interpret the world and 

focus on using the best method to produce the best outcome (Saunders et al., 2019). 

Accordingly, in this research, a pragmatic research paradigm informed the process for 

planning the research questions and choosing relevant models or theories. Table 6 

summarises this research paradigm with three basic assumptions of ontology, 

epistemology, and methodology.  

 

Table 6  
 
A Research Paradigm for the Current Study 

Paradigm 

(A philosophical framework) 

                            Pragmatism 

(A way of acting to practically address and resolve issues) 
Ontology  

(What is reality?) 

• reality is ambiguous 

Epistemology 

(How can I know reality?) 

• focusing on problem-solving and practising 

• learning from experience 

Methodology  

(How do I go about finding out?) 

• using different approaches to different situations  

• following research questions or problems 

• finding practical solutions and outcomes  

 
 

Based on this paradigm, a pragmatic approach was used for this research. My 

views of nursing, beliefs, and values guided me when designing this research approach. 

More than ten years of ICU nursing experience has deeply influenced my philosophical 

stance as a pragmatist. My nursing experience arises from my actions (e.g., nursing 

practice), situations (e.g., clinical events), and outcomes (e.g., patient recovery or death), 

which reflects the nature of a pragmatic approach to learning (Welford et al., 2011). My 

nursing knowledge, combined with my clinical experience, enables me to effectively, 

efficiently, and timely report a patient’ signs and symptoms to our ICU team, which could 

save the lives of patients with severe conditions. Following evidence-based protocols and 

nursing care models enables me to minimise work errors and enhance the quality of 

patient care. Therefore, I truly believe that science, as the centre of my nursing 

knowledge, along with accumulated experience from nursing practice, has equipped me 
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for my professional growth. Using my nursing knowledge to help patients recover is my 

success, which is the true value as an ICU nurse. Overall, based on my views of nursing, 

beliefs, and values, I identified that enhancing ICU nurse resilience could benefit the 

quality of patient care. Therefore, following the three pragmatism principles and the 5-

step pragmatism model (discussed previously) (Kaushik & Walsh, 2019; Kelly & Cordeiro, 

2020), this pragmatic approach to researching ICU nurse resilience and associated 

factors was established and is detailed in the following section. 

 

3.3 Pragmatic Approach 

My pragmatist philosophy underpinned the design of the research questions, 

study aims, objectives, and methodology. The research questions (introduced in Chapter 

1) were identified from my ICU clinical nursing experience, observation, and interactions 

with reality. The study aims and objectives were then practically designed, based on 

these research questions and following my pragmatic beliefs.  

 

A quantitative approach, as the methodology, was utilised for the study, as this 

method can be used to study large numbers of populations due to a highly structured 

format (Hickson, 2008). Employing this approach allows researchers to collate the data 

from a large population for rigorous analysis to explore their research topics to generate 

findings (Hickson, 2008). Additionally, this approach enables researchers to utilise a 

survey that is easy to use, practical, and relatively cheap (Hickson, 2008). Moreover, 

using this approach, researchers are able to design and/or choose valid and reliable 

methods and tools that can help limit bias during the data collection process to maintain 

quantitative research rigour (Moule & Goodman, 2014). Overall, from a pragmatist 

stance, using a quantitative approach, the researcher designed an appropriate method 

and selected reliable tools for data collection in this research to achieve high-quality 

results, and these are detailed in Chapter 4.     

 

There are two reasons why pragmatism fits in this quantitative research better 

than positivism or postpositivism. Firstly, pragmatists and positivists/postpositivists have 
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different beliefs in researchers’ values. Positivists believe that researchers’ values have 

absolutely no influence on their research (Weaver & Olson, 2006), while postpositivists 

acknowledge bias but think that researchers should minimise bias where possible (Ryan, 

2019). In contrast, pragmatists believe that researchers’ doubts or beliefs play an 

essential role in research, as their values initiate, drive, and sustain their research 

(Pansiri, 2005; Saunders et al., 2019). In this research, my beliefs, along with my 

knowledge and ICU nursing experience, underpinned the design of the research 

approach. 

 

Pragmatism enables researchers to be more flexible when using different 

techniques in problem-solving, compared to positivism or postpositivism (Onwuegbuzie & 

Leech, 2005). Positivists and postpositivists use objective measurement, control and 

predict their research, and test their hypotheses, thus generalising their results (Weaver & 

Olson, 2006). In contrast, pragmatists accept the complexity and ambiguity in reality and 

use undetermined truth values in responding to indeterminate situations (Kelemen & 

Rumens, 2012). Accordingly, I was able to implement different approaches to meet my 

study aims and to select subjective and/or objective measurements in the design of this 

research. A pragmatic approach to this study meant accepting unknown territory, learning 

new knowledge, and modifying my research approach in response to different situations 

as necessary.  

 

Researcher bias may have occurred while I identified the research questions 

based on my ICU nursing experience. To reduce researcher bias, prior to the study 

design, I consulted ICU nurse managers and senior nurses at each research site as well 

as my supervisors to get their feedback regarding the research topic. In this study, 

researcher bias did not prevent me from developing the best research design. 

Contrastingly, it reflected my values and positionality as an ICU nurse and how I utilised 

my ICU nursing knowledge to design this research. 
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3.4 Theoretical Framework  

A theoretical framework is a foundation that supports researchers to understand 

research topics and design their research philosophically (Grant & Osanloo, 2014). It 

consists of the selected theories that underpin research designs and the relevant 

concepts from these theories (Grant & Osanloo, 2014). In this research, the job demands-

resources model was utilised as a foundation, and a study-specific job demands-recovery 

framework was adapted as an overarching structure to guide this research design. The 

theories of conservation of resources, self-determination, broaden-and-build, and 

resilience theory were integrated within the adapted study-specific job demands-recovery 

framework. 

 

The tenet of the conservation of resources theory is that people strive to pursue 

or develop their resource reservoirs to retain and protect their current resources (Hobfoll, 

1989), while the self-determination theory focuses on three basic psychological needs 

(competence, autonomy, and relatedness) (Deci & Ryan, 2014). The broaden-and-build 

theory postulates that positive emotions (joy, interest, contentment, and love) can help 

individuals retain their personal resources (Fredrickson, 2001). Resilience theory 

describes how people increase their adaptability to minimise the negative effects of 

adversity (Luthar, 2006). The adapted study-specific framework, combined with these 

three theories (conservation of resources, self-determination, and broaden-and-build) 

within the context of the resilience theory, helped the researcher better understand the 

research topic to achieve the best outcomes for the identified research questions. The 

adapted study-specific overarching framework and the four theories will each be 

discussed in more detail below. 

 

3.4.1 Job demands-recovery framework.  

For this research, a study-specific framework (Figure 3) was adapted to situate 

the study aim and objectives, based on the job demands-resources model (introduced in 

Chapter 1). This study-specific framework assisted the researcher in data analysis by 
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categorising the factors of job demands and recovery regarding nurses’ physical activity 

and sedentary behaviours. Figure 3 shows a dual process in the study-specific framework 

developed for this research: the health impairment process and motivational process.  

 

Figure 3. The Adapted Study-Specific Job Demands-Recovery Framework  

 
Figure 3. Adapted from “The Job Demands-Resources Model: State of the Art,” by A. B. Bakker and E. 

Demerouti, 2007, Journal of Managerial Psychology, 22(3), p. 313. Copyright 2007 by Emerald Publishing 

Limited. 
 

In the health impairment process, the framework categorises nurses’ 

occupational physical activity, physical activity intensities (sedentary, light, moderate, or 

vigorous levels), and physical activity behaviours (standing, dynamic standing, walking, 

running, sitting, lying, and sleeping) as job demands during workdays. Conversely, in the 

motivational process, this framework classifies leisure time physical activity, physical 

activity intensities (sedentary, light, moderate, or vigorous levels), and physical activity 

behaviours (standing, dynamic standing, walking, running, sitting, lying, and sleeping) as 

recovery during nonworkdays. Therefore, the framework shows that increased physical 
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job demands may reduce resilience, and a good recovery, such as increased leisure time 

physical activity or improved sleep, may boost resilience. 

 

Moreover, Figure 3 shows the three theories: conservation of resources, self-

determination, and broaden-and-build, which are integrated into the study-specific job 

demands-recovery framework to guide the research. These three theories aligned with 

resilience theory and support the adapted study-specific framework to enhance resilience 

from three perspectives: gaining resources, increasing autonomous motivation, and 

building positive emotions. These will be discussed in the following sections.  

 

3.4.2 Conservation of resources theory. 

The conservation of resources theory, initially developed by Stevan Hobfoll in 

1989, provides a view on how people endeavour to create, build, and maintain their 

resources to protect themselves when facing threatening situations (Hobfoll, 1989). In this 

theory, resources are classified into four types: objects (e.g., car, house), conditions (e.g., 

employment, marriage), energy (e.g., credit, money), and personal values (e.g., skills, 

personal traits) (Hobfoll, 2011). The principles of this theory are the primacy of resource 

loss, resources investment, and loss and gain cycles (Gorgievski & Hobfoll, 2008). These 

three principles indicate that the process of gaining and losing resources is a dynamic 

equilibrium cycle. When resource loss outweighs resource gain, some people may not be 

able to offset their significant resource loss, and this may have a negative impact on their 

psychological well-being, thus impairing their health (Gorgievski & Hobfoll, 2008). In 

contrast, when individuals can reserve resources against their resource loss, they may 

recover from their unfavourable situations and become more capable of adapting to 

challenging environments (Gorgievski & Hobfoll, 2008). Therefore, the conservation of 

resources theory provides a theoretical rationale for encouraging individuals to retain their 

energy reservoirs to enhance well-being. 

 

 Utilising the conservation of resources theory, the adapted study-specific job 

demands-recovery framework is divided into two areas: resource loss and resource gain. 
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Resource loss can occur in the health impairment process, while resource gain can be 

achieved in the motivational process. The framework shows that increased physical 

workloads may use up nurses’ energy, thus leading to resource loss (Gorgievski & 

Hobfoll, 2008). If nurses continuously lose their energy without resource investment, they 

may become more stressed or even suffer burnout (Gorgievski & Hobfoll, 2008), and this 

may profoundly impact nurses’ health and psychological well-being. In contrast, if nurses 

recover sufficiently during nonworkdays by exercising, resting, or sleeping well, they may 

gain resources, thus balancing or compensating for their resource loss during workdays. 

Accordingly, increased job demands (e.g., burnout or fatigue) may expose nurses to 

greater danger of energy depletion. Contrastingly, restoring personal resources (e.g., self-

efficacy or social support) may buffer the negative effects of the job demands, thus 

enhancing work engagement and well-being. Therefore, in this research, it is important to 

know whether resilience can help nurses tolerate increased physical workloads at work 

(resource loss) and recover well during leisure time (resource gain) by following the 

adapted job demands-recovery framework. 

 

3.4.3 Self-determination theory. 

Self-determination theory is a macro human motivation theory that has been 

studied for over 40 years since it was initially developed by Edward L. Deci and Richard 

M. Ryan in the 1970s (Gagné & Deci, 2014). This theory posits that competence, 

autonomy, and relatedness are three basic psychological needs for human beings (Deci 

& Ryan, 2014). The need for competence refers to the required capacity for individuals to 

interact with others, explore the world, and adapt to the environment (Deci & Ryan, 1985). 

This need may intrinsically strive, energise, and facilitate individuals to seek solutions to 

overcome life challenges. The need for autonomy implies the acquisition of an individual’s 

integration towards self-organisation, self-determination, and self-regulation (Deci & 

Ryan, 2000). The need for relatedness concerns individual belongingness, which means 

the need for individuals to integrate themselves into a large social group (Deci & Ryan, 

2000). Overall, the self-determination theory shows that the more satisfied people are 

with these needs, the more motivated they become; therefore, their well-being improves.  
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The macro self-determination theory is constituted by five mini-theories: cognitive 

evaluation theory (CET), organismic integration theory (OIT), causality orientations theory 

(COT), basic psychological needs theory (BPNT), and goal contents theory (GCT) (Ryan, 

2009). CET stresses the impact of social and personal interactions on intrinsic motivation 

(doing things just for the sake of it) (Ryan, 2009). OIT addresses three forms (introjection, 

identification, and integration) of internalised extrinsic motivation, viewed as a way of 

personality development and autonomous self-regulation (Deci & Ryan, 2012). COT 

describes the three types of orientations (autonomous, controlled, and impersonal) 

positively associated with self-esteem, public self-consciousness, and poorer self-

regulation, respectively (Deci & Ryan, 2012). BPNT focuses on the basic psychological 

needs associated with individual autonomy, competence, and relatedness for well-being 

at the personal level and social contexts (Deci & Ryan, 2012). GCT describes that people 

with stronger intrinsic aspirations, such as personal growth, affiliation, and community, 

have greater well-being, while individuals with higher extrinsic goals, such as wealth, 

fame, and image, have more psychological problems (e.g., more depression or anxiety) 

(Deci & Ryan, 2012). Overall, these five mini-theories suggest that utilising autonomous 

motivation (intrinsic and internalised extrinsic motivation) may effectively promote healthy 

behaviours, learning, and adaptability to meet the three basic psychological needs 

(competence, autonomy, and relatedness). 

 

Recent research identified that perceived resilience, self-determination, and three 

basic psychological needs (competence, autonomy, and relatedness) were significantly 

associated with each other (Perlman et al., 2018). Research also identified that 

relatedness was a significant factor for resilience, meaning that increasing social support 

was particularly important to individuals with mental illness to enhance their resilience 

(Perlman et al., 2017). These findings are indicative of the necessity of understanding 

nurses’ resilience and their psychological needs. Therefore, by integrating the self-

determination theory into the job demands-recovery framework, the three basic 

psychological needs (competence, autonomy, and relatedness) (Deci & Ryan, 2014) 



                                                                                                     Chapter 3: Methodology 

 58 

were developed for nurses in this research. They are “the need to improve the capability 

to deal with work adversity”, “the need to increase autonomous motivation”, and “the need 

to engage in a supportive environment”. Accordingly, guided by the self-determination 

theory, the focus of this research design was that increased resilience might help nurses 

fulfil these needs, thus enhancing their personal resources (recovery during 

nonworkdays) and accommodating high physical workloads (job demands). 

 

3.4.4 Broaden-and-build theory. 

The broaden-and-build theory, developed by Barbara L. Fredrickson, describes 

that the positive emotions (joy, interest, contentment, and love) can broaden and build 

individuals’ physical, intellectual and social resources, thus having a positive effect on 

their health and well-being (Fredrickson, 1998). Accumulative and compound positive 

emotions could facilitate individuals to fuel psychological resilience, thus increasing their 

ability to bounce back quickly from adversity and enhancing their emotional well-being 

(Fredrickson, 2001). When individuals experience positive emotions, their thought-action 

repertoires can be broadened, which in turn can build up their personal resources 

(Salanova, Schaufeli, Xanthopoulou, & Bakker, 2010). Therefore, the broaden-and-build 

theory reveals the importance of developing positive emotions for well-being. 

 

Resilient individuals can increase their flexibility to adapt to their environments, 

which helps them reduce disturbances and increase positive emotions, thus enhancing 

well-being (Conway, Tugade, Catalino, & Fredrickson, 2013). This is because resilience 

mediates the link between positive emotions and psychological resources, thus helping 

increase satisfaction in both personal and work life (Vacharkulksemsuk & Fredrickson, 

2013). In addition, resilient individuals have rich psychological resources that may include 

mindfulness, hope, self-control, purpose in life, social support, collaboration, group 

development, and ongoing learning (Garland et al., 2010; Vacharkulksemsuk & 

Fredrickson, 2013). These resources enable them to develop their flexible and creative 

thinking, which in turn increase their positive emotions, thus enhancing resilience 

(Fredrickson, 2001). 
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Scholars have studied the role of resilience within the context of the broaden-and-

build theory in different populations. They studied people recovering from cardiovascular 

surgery, individuals in a national catastrophe (e.g., September 11, 2001, attacks on the 

United States) (Conway et al., 2013), and students from universities (Denovan & 

Macaskill, 2017). Research shows that positive emotions have long-term positive effects 

on an individual’s ability to cope with adversity, such as a loss of a loved one, chronic 

disease, or national disaster, thus building their resilience in the face of daily stressors 

(Conway et al., 2013). Further, research suggests that utilising a proactive coping 

strategy can mediate the relationship between resilience and perceived stress to increase 

individuals’ adaptability, thus supporting the value of positive emotions (Denovan & 

Macaskill, 2017). Therefore, under the guidance of the broaden-and-build theory, the 

researcher understood that it was vital to identify nurse resilience and its associated 

factors following the job demands-resource model to develop coping strategies to 

increase nurses’ positive emotions. Furthermore, the broaden-and-build theory shows 

that broadened and built positive emotions may increase nurse resilience. Enhanced 

personal resilience may attenuate the effects of emotional inharmoniousness (Delgado et 

al., 2017), thus helping nurses endure heavily physical workloads and increase motivation 

during the recovery process. Overall, this adapted study-specific job demands-recovery 

framework, combined with the broaden-and-build theory, guided this research design and 

evaluation of the outcomes within the context of the study aims and objectives.  

 

3.4.5 Resilience theory.  

Early research in resilience was conducted by psychologist, Norman Garmezy, 

while studying schizophrenia in child development between the 1960s and 1970s (Luthar, 

2006). During the 1980s and 1990s, scholars studied resilience from their focus on 

children’s adaptability to the various risks, such as parental mental illness, community 

violence, or catastrophic events (Luthar, 2006). Since the 2000s, researchers have 

defined significant adversity and positive adaptation as resilience constructs and 

determined identifying the vulnerability and protective factors as their goals (Luthar, 
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2006). A range of approaches to assessing promotive and risk factors have been 

employed to study resilience.  

 

Three basic models of resilience (compensatory, protective, and challenging) 

have been identified to guide researchers to understand how promotive factors increase 

individual resilience to reduce the negative effects of adversity (Fergus & Zimmerman, 

2005). Figure 4 shows the three models that demonstrate three different relationships 

between a risk factor and a negative outcome associated with a promotive factor. The 

compensatory model explains that a promotive (compensative) factor works in the 

opposite direction to a risk factor, directly affecting a negative outcome (Fergus & 

Zimmerman, 2005). In the protective factor model, a promotive (protective) factor 

moderates the negative effects of a risk factor, but it does not operate on this relationship 

in the opposite way (Fergus & Zimmerman, 2005). For example, individuals with regular 

exercise had high resilience and low stress and anxiety (Childs & de Wit, 2014; Hegberg 

& Tone, 2014). Regular exercise may be a compensatory factor that directly affects 

individuals’ stress and anxiety levels, while resilience may be a protective factor that 

reduces the negative effects of psychological problems.  
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Figure 4. The Compensatory, Protective, and Challenging Models of Resilience 

 
Figure 4. Adapted from “ Adolescent resilience: A framework for understanding healthy development in the  

face of risk”, by S. Fergus and  M. A. Zimmerman, 2005, Annual Review of Public Health, 26(1), p. 402. 

Copyright 2005 by Annual Reviews, Inc. 

 

The third model in Figure 4 is a challenging model, showing a curvilinear 

association between a risk factor and a negative outcome. This model illustrates that 

lower or higher levels of a risk factor are related to higher negative outcomes; 

contrastingly, moderate levels of the risk factor link to lower negative outcomes (Fergus & 

Zimmerman, 2005). For example, the workload can be considered a challenging factor for 

nurses, burnout as a risk factor, and intention to leave as a negative outcome. Therefore, 

an appropriate workload may moderate the levels of burnout and minimise nurses’ 

intention to leave, enabling them to adapt to their work environments and handle 

stressors better (Moloney et al., 2018).    

 

By applying the resilience theory and its models into the adapted study-specific job 

demands and recovery framework, the researcher understood the importance of 

identifying the risk factors, promotive factors, and negative outcomes and the 

associations between them when designing this research. For example, the researcher 

classified high levels of occupational physical activity as risk factors, increased leisure 
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time physical activity and improved sleep as promotive factors for recovery, and health 

impairment as a negative outcome.  

 

Aligning with the three theories (conservation of resources, self-determination, and 

broaden-and-build), the researcher learnt that increased occupational physical activity 

might expose nurses to a health impairment process. In contrast, a good recovery might 

enable nurses to gain resources, enhance motivation, and increase positive emotions. 

Utilising the protective factor model, the researcher believed that resilience, as a personal 

resource, might moderate the negative effects of high occupational physical activity, thus 

reducing nurses’ health impairment. Overall, combining the resilience theory with the 

adapted framework of the job demands-recovery, integrated with the conservation of 

resources, self-determination, and broaden-and-build theories, laid a foundation for this 

research design and provided guidance for the researcher in exploring ICU nurse 

resilience.  

 

3.5 Summary 

This chapter details a quantitative methodology for studying factors influencing 

resilience in ICU nurses in New Zealand. It introduces pragmatism and the research 

approach following the determined paradigm. In addition, this chapter explains why a 

pragmatic approach coincides with this quantitative research.   

 

This chapter illustrates four theoretical theories and a developed study-specific 

job demands-recovery framework for this research, based on the job demands-resources 

model. The four theories (conservation of resources, self-determination, broaden-and-

build, and resilience theory) support this framework to improve resilience from three 

perspectives: resource gain, autonomous motivation, and positive emotions. In light of the 

context described in this chapter, the research methods for this study were designed and 

will be detailed in the next chapter. 
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Chapter 4: Research Methods 

 

4.1 Introduction 

A well-prepared action plan is fundamental to research and provides a greater 

likelihood of success (Denscombe, 2010). This chapter outlines the study design, ethical 

considerations, recruitment strategies, and population sampling. It also details the 

participant inclusion and exclusion criteria, research measures, selected variables as well 

as the statistical data analysis and research costs. 

 

4.2 Study Design 

A cross-sectional study was selected for the current research, as this method 

enables researchers to explore various issues in the studied sample, provides rich 

descriptive data, and is relatively easy to administer (Hickson, 2008). A highly structured 

online survey and accelerometry measurement of physical activity and sedentary 

behaviours were employed in this cross-sectional study. Specifically, an online survey 

was used to collect participants’ sociodemographic factors, health behaviours, and 

resilience levels. Axivity AX3 accelerometers were utilised to objectively measure 24-hour 

time-use ICU nurses’ physical behavioural patterns (sitting, lying, standing, dynamic 

standing, walking, and running). These data provided rich information that could be used 

to identify key factors associated with ICU nurse resilience. 

 

Based on the study-specific job demands-recovery framework (Figure 3 in section 

3.4.1), it was hypothesised that increased physical job demands reduced resilience, while 

good job recovery, such as increased leisure time physical activity or improved sleep, 

increased resilience. However, when considering job demands and recovery as 

exposures, as well as resilience as outcomes, it was difficult to determine whether job 
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demands and recovery preceded or followed resilience. This was because in a cross-

sectional study design, the data on exposures and outcomes are collated at the same 

time; therefore, determining their causal relationships is problematic (Wang & Cheng, 

2020).   

 

There are known drawbacks to consider when utilising a cross-sectional study. 

For example, the low participation rates limit the generalisation and applicability of the 

findings from a cross-sectional quantitative study (Hickson, 2008). Volunteer bias may 

also exist, which means that participants can differ from those who are not volunteers 

(Hickson, 2008); thus, the results may not represent the views of the general ICU nurse 

population. Despite these drawbacks, a cross-sectional study was deemed the best 

research design. This method enabled the researcher to objectively collect and analyse 

numerical data from ICU nurses to explore the resilience levels and associations with 

their personal and work-related factors and physical activity behaviours. From a practical 

perspective, this method also made it feasible for the researcher to conduct the research 

across the different research sites within the PhD timeframe and helped reduce the 

research costs. Therefore, a cross-sectional study was designed, and nurses from four 

ICUs at three large hospitals in Auckland, New Zealand were invited to participate.  

 

4.3 Ethical Considerations 

Ethical approval was granted by the Auckland Health Research Ethics Committee 

in April 2019 (reference number 000070; Appendix II, including amendment approval). 

The locality approval was also attained from each District Health Board. ICU managers 

signed the consent form to approve the research within their units, while nurses signed 

the consent forms for participation before the research was conducted. Local 

investigators signed agreements to assist with the research conduction. The role of these 

local investigators will be explained in the next section. The consent form for nurses, the 

consent form for nurse managers, and the agreement for local investigators are in 

Appendix III. Nurses at each research site were also provided with a participant 

information sheet (Appendix IV). 
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During the ethics application process, managers and senior nurses at each 

intensive care unit and the research department at each hospital were consulted to get 

their feedback about this research. Māori advisors were also consulted to ensure that 

conducting the research followed the principles (partnership, protection, and participation) 

of the Treaty of Waitangi. The Treaty of Waitangi is an agreement, signed in 1840, 

between the British Crown and Māori chiefs (State Services Commission, 2005). 

 

During the research process, the ethical principles of veracity, justice, 

nonmaleficence, beneficence, and confidentiality (Moule & Goodman, 2014) were 

followed. Following these principles, a rapport was built with participants through hard 

work, respect, patience, and honesty. For example, when fitting accelerometers to 

participants, appointments were arranged to suit their work schedules, therefore 

minimising disruption. A private room was booked, and participant permission was sought 

when carrying out the fitting procedure to make them feel comfortable whilst maintaining 

their privacy and dignity. Additionally, voluntary participation was reinforced before and 

while conducting the research.  

 

Being honest with each participant was also an essential principle for the 

research. For instance, the researcher admitted to the participants whose data were lost 

due to a faulty accelerometer, or those whose data were removed from this study 

because they breached the accelerometer wearing protocol. To maintain participant 

confidentiality, the researcher omitted any information that could publicly identify the 

participants. All the research data were securely held on a password-protected computer 

or in a locked cupboard. The participants were fully informed of the following information: 

study aim, objectives, data collection, data storage, and how the data would be securely 

destroyed and when. They were also notified that they were allowed to withdraw their 

data up to two weeks after they wore the accelerometers and completed their online 

survey, without having to give a reason.  

 



                                                                                            Chapter 4: Research Methods 

 66 

4.4 Recruitment 

Several strategies were utilised for recruitment, and the flow chart in Figure 5 

shows these strategies and recruiting steps. A $200 in NZ dollars prize draw was offered 

at the completion of data collection at each unit, and each participant received a detailed 

report of their 4-day physical activity (accelerometry measurement). Nominating a local 

investigator (independent of the study) at each research site was another strategy to 

assist in recruiting participants. Local investigators who worked as researchers at the 

hospitals studied were nominated by the research department. Their role was advertising 

the research in a communication book, on a staff whiteboard, or via targeted emails. 

Local investigators also helped distribute participant information sheets and collect the 

returned consent forms and Axivity AX3 accelerometers. 

 

Figure 5. Flow Chart for Recruitment Strategies  
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A well-prepared research introduction was essential for recruiting participants. A 

participant information sheet (Appendix IV) was made available to all potential 

participants to introduce the research information, and this helped them understand the 

research, thus encouraging participation. The participant information sheet introduced the 

researcher, supervisors, research aim and objectives, details of the participants’ 

involvement, participants’ information confidentiality, and the risks and benefits of 

participation. It emphasised that participation was voluntary and that participants were 

able to withdraw their data up to two weeks after they wore the accelerometers and 

completed their online survey. In addition, the participant information sheet explained that 

participants were required to sign a consent form before completion of a questionnaire 

and wearing accelerometers. After participants received the relevant research 

information, they were given sufficient time (one month) to consider the invitation and 

return their consent forms. 

 

Excellent communication with participants was key to improve recruitment. 

Initially, only 14 nurses, contacted by email, voluntarily participated in the research. After 

agreement from each unit manager and nurse coordinators, face-to-face meetings were 

held with nurses to address any concerns and demonstrate how the accelerometers were 

fitted. This method significantly increased interest in participation, resulting in a further 

118 nurses willing to partake in the research.  

 

Being patient, flexible, and approachable to participants was another key strategy 

for increasing the participation rate. The accelerometers were fitted whenever the time 

was convenient to participants according to their shift schedules. The accelerometer 

wearing protocol and the importance of following the research criteria were explained to 

every participant. For example, some participants breached the protocol by doing an 

extra shift during the 4-day period. The researcher explained to these participants why 

their data needed to be deleted to maintain the research result accuracy. She also asked 

them to rearrange an accelerometer fitting appointment if they wished to try again. These 
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methods helped the participants understand the importance of following the research 

criteria, thus improving the accuracy of the collated accelerometry data.   

 

Dealing strategically with the issues that arose from the research conduction was 

necessary for efficient participant recruitment and involvement. For instance, some 

participants forgot to return the accelerometers or did not return them on time during the 

research. This caused the researcher to have to reschedule other appointments due to 

the limited number of accelerometers available at one time for this study. Some 

participants forgot their accelerometer fitting appointments and swapped their shifts with 

someone else without informing the researcher, and this significantly impacted the 

accelerometer fitting schedule. Therefore, participants were sent text messages to remind 

them of their accelerometer fitting appointments and for the return of their 

accelerometers. This strategy helped the researcher efficiently organise the multiple 

appointments, thus shortening the research conduction period and reducing travelling 

costs. 

 

4.5 Sampling  

Utilising an appropriate sampling strategy is essential to increase participants’ 

response rate. A suitable sampling strategy may enhance the accuracy of the collected 

data from a study sample and enable researchers to gain a better understanding of the 

phenomena in the studied population (Schneider & Elliott, 2007). Purposive sampling was 

used in this study, as specialised professionals could supply researchers with rich 

information (Whitehead & Annells, 2007) concerning the study aim and objectives. 

 

There were approximately 500 nurses staffing the four ICUs, and it was 

determined that 100 participants would be the targeted sample size. This was based on a 

previous study that assessed the physical activity behaviours of 103 out of 576 office 

workers utilising an activPAL activity monitor (Tobin, Leavy, & Jancey, 2016). Using 

G*Power, it was also identified that recruiting 100 participants from 500 nurses for the 

study could provide 90% power for data analysis (effect size f² = .107; error prob α = .05).      
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4.6 Inclusion and Exclusion Criteria  

The study included nurses who: 

• worked in an ICU at one of the three identified hospitals, 

• worked at least 32 hours fortnightly, 

• provided direct patient care, and 

• continuously wore a pair of accelerometers for four consecutive days (two workdays 

followed by two nonworkdays). 

 

The study excluded nurses who:  

• were allergic to the Elastoplast medical dressings, 

• breached the accelerometer wearing protocol (did not wear the accelerometers 

continuously over four consecutive days), and  

• were ICU coordinators.  

 

Note:  

• The Elastoplast medical dressings were used to attach the accelerometers. 

• The accelerometer wearing protocol will be detailed in the next section. 

• Based on the accelerometer wearing protocol (detailed in section 4.7.2.3), an average 

nonwear accelerometer time (threshold) was calculated when completing the 

research. Therefore, anyone whose accelerometer was unattached for longer than the 

threshold during the 4-day study period was excluded from the study.  

• ICU nurse coordinators coordinate and monitor effective nursing practice but do not 

have a patient load.   

 

4.7 Measurements 

A quantitative online survey was designed to collate participants’ 

sociodemographic information and health behaviours. A standardised resilience scale 

was utilised, as part of the online survey, to assess participants’ resilience levels. 
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Participants were required to complete the online survey when they were fitted with 

accelerometry. Accelerometry was employed to objectively measure participants’ physical 

activity and sedentary time, while a work-sleep/naps log was designed to record their 

work and sleep hours. The following sections detail these measures.  

 

4.7.1 Online survey. 

4.7.1.1 Sociodemographic information. 

The online survey (Appendix V) included participants’ personal sociodemographic 

information (Part 1) and assessment of resilience levels (Part 2). Part 1 included 20 

questions that asked participants’ age, sex, marital status, religious beliefs, ethnicity, 

family dependents, highest qualification attained, working part-time or full-time, working 

night shifts, years of nursing experience, and years of ICU nursing experience. 

Participants were also asked about their health behaviours that encompassed frequency 

of physical activities per week, cigarettes smoked per day, cups of coffee consumed per 

day, frequency of alcohol consumption, usual sleep duration per 24-hour period, sleep 

medication use, sleep quality over the last 30 days, and general health status. 

 

The questions in Part 1 (Appendix V) were mainly adapted from the New Zealand 

Health Survey (Ministry of Health, 2018), 2018 Census (Stats NZ, 2018), and the 

Pittsburgh Sleep Quality Index (Smyth, 2012). Some questions were also adapted from 

previous studies that analysed personal sociodemographic factors in association with 

resilience (Edéll-Gustafsson, Kritz, & Bogren, 2002; Hazzard et al., 2013; Hsieh, Chen et 

al., 2016; McGettrick & O'Neill, 2006; Ren et al., 2018). Of the 20 questions, seven were 

specifically from the New Zealand Health Survey, two from the Pittsburgh Sleep Quality 

Index, one from the 2018 Census, and the remaining ten were from the other studies. In 

Part 1 (Appendix V), a reference is listed below each answer to provide the information 

source for each question. 

     

4.7.1.2 Resilience. 
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Part 2 of the online survey (Appendix V) was a resilience assessment that 

contained 25 questions. These questions comprised the Connor-Davidson Resilience 

Scale 25 (Appendix VI) which measured ICU nurses’ resilience levels. This scale has 

been utilised in approximately 600 studies worldwide on various populations of different 

age groups (Davidson & Connor, 2018). In these studies, the targeted samples included 

a range of psychiatric groups (e.g., posttraumatic stress disorder, severe trauma, 

depression, or suicide), patients with medical problems (e.g., lung transplant, diabetes, or 

metastatic cancer), and groups under stress with mainly health subjects (e.g., nurses or 

unemployed people) (Davidson & Connor, 2018).  

 

The Connor-Davidson Resilience Scale 25 measures five factors that represent 

individuals’ tenacity, strength, self-efficacy, self-control, and spiritual influences (Connor & 

Davidson, 2003). Table 7 shows the five factors measured by the grouped questions in 

this scale. For example, Question 1 (I am able to adapt when changes occur), Question 4 

(I can deal with whatever comes my way), and Question 8 (I tend to bounce back after 

illness, injury, or other hardships) are used to assess participants’ self-efficacy. Another 

example, Question 14 (Under pressure, I stay focused and think clearly) and Question 22 

(I feel in control of my life) are used to examine participants’ strength and self-control.  
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Table 7  
 
Five Factors Measured by the Grouped Questions in the CD-RISC 25 

Factors 

 

Measuring  Questions 

Factor 1 

(Tenacity) 

“Factor 1 reflects 

the notion of 

personal 

competence, high 

standards, and 

tenacity” 

(Connor & 

Davidson, 2003, p. 

80). 

Q10: I give my best effort no matter what the outcome may be. 

Q11: I believe I can achieve my goals, even if there are obstacles. 

Q12: Even when things look hopeless, I don't give up. 

Q16: I am not easily discouraged by failure. 

Q17: I think of myself as a strong person when dealing with life's 

challenges and difficulties. 

Q23: I like challenges. 

Q24: I work to attain my goals no matter what roadblocks I encounter 

along the way. 

Q25: I take pride in my achievements. 

Factor 2 

(Strength) 

 

“Factor 2 

corresponds to 

trust in one’s 

instincts, tolerance 

of negative affect, 

and strengthening 

effects of stress” 

(Connor & 

Davidson, 2003, p. 

80). 

Q6: I try to see the humorous side of things when I am faced with 

problems. 

Q7: Having to cope with stress can make me stronger. 

Q14: Under pressure, I stay focused and think clearly. 

Q15: I prefer to take the lead in solving problems rather than letting 

others make all the decisions. 

Q18: I can make unpopular or difficult decisions that affect other people, 

if it is necessary. 

Q19: I am able to handle unpleasant or painful feelings like sadness, 

fear, and anger. 

Q20: In dealing with life's problems, sometimes you have to act on a 

hunch without knowing why. 

Factor 3 

(Self-

efficacy) 

“Factor 3 relates to 

the positive 

acceptance of 

change, and 

secure 

relationships” 

(Connor & 

Davidson, 2003, p. 

80). 

 

Q1: I am able to adapt when changes occur. 

Q2: I have at least one close and secure relationship that helps me when 

I am stressed. 

Q4: I can deal with whatever comes my way. 

Q5: Past successes give me confidence in dealing with new challenges 

and difficulties. 



                                                                                            Chapter 4: Research Methods 

 73 

Factors 

 

Measuring  Questions 

Q8: I tend to bounce back after illness, injury, or other hardships. 

Factor 4 

(Self-

control) 

“Factor 4 is related 

to control” (Connor 

& Davidson, 2003, 

p. 80). 

 

Q13: During times of stress/crisis, I know where to turn for help. 

Q21: I have a strong sense of purpose in life. 

Q22: I feel in control of my life. 

Factor 5 

(Spiritual 

influences) 

“Factor 5 is related 

to spiritual 

influences” 

(Connor & 

Davidson, 2003, p. 

80). 

Q3: When there are no clear solutions to my problems, sometimes fate 

or God can help. 

Q9: Good or bad, I believe that most things happen for a reason. 

Note. CD-RISC stands for Connor-Davidson Resilience Scale. Adapted from “Development of a New Resilience 

Scale: The Connor-Davidson Resilience Scale (CD-RISC),” by K. E. Connor and J. R. T. Davidson, 2003, 

Depression and Anxiety, 18(2), p. 80. Copyright 2003 by Wiley-Liss, Inc. 

 

 

A 5-point Likert Scale was used for the answers, where 0 means not true at all, 1 

rarely true, 2 sometimes true, 3 often true, and 4 true nearly all the time (Connor & 

Davidson, 2003). The total score is between 0 and 100, and the higher the score, the 

greater the resilience level. Therefore, 0-73 is classified as lowest, 74-82 low-medium, 

83-90 high-medium, and 91-100 high (Connor & Davidson, 2003). The categorisation 

employed was from one of the samples studied by Connor and Davidson (2003), based 

on the quartiles of the United States general population. Cronbach’s alpha (.93) for the 

item-total correlations and rotated factor pattern shows the high reliability of this scale 

(Connor & Davidson, 2003). 

 

4.7.2 Accelerometer. 

4.7.2.1 Axivity AX3 accelerometer. 

Each participant was issued with a pair of Axivity AX3 accelerometers to wear 

continuously for four consecutive days (two workdays followed by two nonworkdays). One 

unit was attached onto a participant’s lower back (offset from the spine), and the other on 

the anterior aspect of the thigh, using hypoallergenic medical dressings. A unique 
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numerical code was given to each participant in order to match the data from their 

accelerometers.  

 

Each accelerometer contains a 3-axis accelerometer, measuring 23.0 mm (width) 

× 32.5 mm (length) × 7.6 mm (height) and weighing 11.0 g. The accelerometers can 

operate within a temperature range of 0 °C to 65.0 °C and contain a real-time clock as 

well as 512.0 megabytes (MB) of built-in and flash-based on-board memory. Axivity AX3 

accelerometers can record an individual’s physical activity postures (e.g., sitting, 

standing, walking, running, or lying) and estimate their movement intensity (e.g., 

sedentary, light, moderate, or vigorous). The collected data from these devices can be 

synchronised, aggregated, and reorganised, using the compositional analysis via R 

packages (Chastin & Palarea-Albaladejo, 2015) and previously developed matrix 

laboratory (MATLAB) algorithms (Stewart et al., 2018). Previous studies have validated 

the accelerometer wearing protocol (dual placement) and data processing (Clarke et al., 

2016; Duncan et al., 2018; Schneller et al., 2017; Stewart et al., 2018). For example, 

Duncan et al. (2018) used the devices on adults who demonstrated a very high wear 

compliance (71.6% full 7-day compliance, 90.1% 6-day compliance).  

 

The benefits and challenges of using Axivity AX3 accelerometers are listed below 

in Boxes 1 and 2, respectively. 

 

     Box 1. The Benefits of Using Axivity AX3 Accelerometers  

• These devices can accurately detect a participant’s posture (such as sitting, standing, 

and moving), and intensity of movement (such as moderate to vigorous physical 

activity). 

• The skin temperature sensor of the devices can accurately log how long a participant 

wears them for. 

• They can be worn continuously for up to seven days. 

• They enable machine-learning algorithms to detect and classify physical activity 

behaviours. 

• They have the time-stamped feature that enables the extraction of specific time 

periods for data analysis. 

• These devices allow researchers to collect accurate and objective quantitative data. 
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     Box 2. The Challenges of Using Axivity AX3 Accelerometers 

• The device requires specific technical expertise to operate. 

• The accelerometer data require specific technical expertise to analyse. 

• Participants’ data can be lost if the accelerometer battery runs flat. 

• The device may not be suitable for participants who have a history of skin irritation or 

are allergic to the Elastoplast medical dressings. 

• The device cannot be worn in the water below 1.5 m depth or in saunas. 

• The device must be fully sealed and secured with the Elastoplast medical dressings 

to make it watertight and help prevent accidental loss. 

• Accelerometers and the Elastoplast medical dressings are expensive, which 

increases the research costs.     

 

4.7.2.2 Equipment, dressings, and fitting procedure. 

A total of 13 pairs of Axivity AX3 accelerometers, micro-USB cables, and a dock 

(charger), were used. A laptop (Windows) with the downloaded software, Open 

Movement Graphical User Interface (OMGUI), was required for configuring the 

accelerometers before these units were fitted to participants, and for downloading the 

recorded data from these devices. The data copies were saved to the University of 

Auckland’s main server. In addition, an iPad was prepared for participants to answer the 

online survey to collate the demographic information and assess their resilience levels. 

 

Figure 6 shows the dressings and their sizes required for accelerometer fittings. 

The adhesive dressings and the relevant materials were bought from the companies 

Amtech and Office Max. These supplies included Opsite Flexifix, alcohol swabs, Hypafix, 

nonwoven and nonsterile gauze swabs, and Ziplock bags. The dressings required for 

fitting a pair of accelerometers included two pieces of 4.0 cm x 5.0 cm Opsite Flexifix, two 

pieces of 8.0 cm x 5.0 cm Opsite Flexifix, two pieces of 5.0 cm x 2.5 cm Hypafix, and two 

pieces of 5.0 cm x 2.5 cm gauze (Figure 6). Figure 7 demonstrates the process of how an 

accelerometer was fitted on a participant, which is explained in Box 3.  
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Figure 6. Dressings Required for Accelerometer Fittings  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7. Accelerometer Fitting Process  
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     Box 3. Explanation of Accelerometer Fitting Procedure 

• Each accelerometer was wrapped with a piece of gauze, secured by a piece of Hypafix 

tape (5.0 cm x 2.5 cm) and marked with the unit location (B = back or T = thigh) and 

orientation (an arrow pointing down towards the micro-USB connector). It should be 

noted that the back sensor was wrapped with the text facing down, and the thigh-

sensor was wrapped with the text facing up (Figure 6). 

• Alcohol swabs were used to prepare the participants’ skin on their anterior thigh and 

lower back. For the right-handed participants, accelerometers were attached on the 

right thigh and the lower back (right side). For the left-handed respondents, 

accelerometers were affixed to the left thigh and the lower back (left side).  

• A piece of Opsite Flexifix dressing (4.0 cm x 5.0 cm) was used as a barrier between the 

skin and the unit. 

• The wrapped accelerometer was placed on the top of this Opsite Flexifix dressing (4.0 

cm x 5.0 cm).  

• Another piece of Opsite Flexifix dressing (8.0 cm x 5.0 cm) was applied over the top of 

the unit to secure it to the skin.  

 

Following these steps (shown in Box 3), a pair of accelerometers were fitted on a 

participant. It should be noted that disposable razors were used to shave the hair of some 

participants, where necessary before an Opsite Flexifix dressing could be applied to the 

skin. Multipurpose disinfectant wipes were used for cleaning the returned accelerometers. 

Additionally, some extra dressings were prepared in a Ziplock bag for each participant to 

reaffix their accelerometers if required. These included two pieces of Opsite Flexifix (8.0 

cm x 10.0 cm), two pieces of Opsite Flexifix (4.0 cm x 5.0 cm), two pieces of Hypafix 

(10.0 cm x 2.5 cm), and four sterile alcohol swabs. 

 

4.7.2.3 Accelerometer wearing protocol. 

The research required participants to each wear a pair of accelerometers 

continuously for four consecutive days (two workdays followed by two nonworkdays), 

which meant that the minimum wear time was 96 hours. As the participants were shift 

workers, it was important to identify an appropriate time period to fit the accelerometers 

for them in order to meet the research requirements. Figure 8 illustrates the 

accelerometer fitting, wearing, and removal time protocol. Following the protocol, the 

accelerometers should be fitted within 24 hours before the participants started their shifts 

on Day 1. These accelerometers should be removed after a minimum of 96 hours to 
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ensure that the researcher could obtain valid data from the 96-hour wear time. In other 

words, the accelerometers should be removed on Day 5 (the day after the participants 

complete Day 4). 

 

Figure 8. Accelerometer Wearing Protocol  

 
Figure 8. RDO stands for regular day off. h = hours. 

 

4.7.2.4 Accelerometer fitting schedules. 

After participants signed their consent forms, they were required to send the 

researcher their rosters. The accelerometer fitting dates were then arranged according to 

the participants' shift schedules, following the accelerometer wearing protocol. Therefore, 

the table “Accelerometer fitting schedules” was designed, and Figure 9 shows the table 

headers. This table listed all the participants' contact information (mobile phone number 

and email address), possible fitting date and time, and their allocated accelerometer ID. It 

also documented their accelerometer wearing time, removal time, and shift patterns. In 

addition, the table recorded the start date and time of each participant’s two workdays, 

the end date and time of their two nonworkdays, their returning accelerometer date, and 

the date for downloading the accelerometer data. The information on the table was 

updated frequently, according to each participant’s fitting progress. 

 

Figure 9. Table Headers of the Table Designed for Participants' Accelerometer Fittings  
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This table enabled the researcher to efficiently utilise the 13 pairs of 

accelerometers to organise the accelerometer fittings. For example, the table allowed for 

scheduling of how many participants could be fitted and how many pairs of 

accelerometers could be returned on a scheduled fitting day. Therefore, the utilisation of 

this table helped improve the efficiency of the research conduction by reducing the 

number of journeys to the research sites. 

 

4.7.3 Work-sleep/naps log. 

A work-sleep/naps log (Appendix VII) was designed for participants to self-record 

their work time and sleep duration. It was distributed to participants when they were 

issued with a pair of accelerometers. The log included work time and date records, sleep 

and naps records, instructions for reaffixing accelerometers, and records for nonwearing 

accelerometer times. Participants recorded their start date and time and end date and 

time for their work schedules during two workdays on the log. Participants also reported 

their sleep start date and time, including naps over four days (two workdays followed by 

two nonworkdays).  

 

The log included the instructions for participants to reaffix the accelerometers if 

needed. For this purpose, a Ziplock plastic bag with medical dressings was provided to 

each participant. Additionally, the participants were required to report their accelerometer 

nonwear time period (date and time) during the four days in this log. All these records 

were entered into an Axivity spreadsheet to allow a technician to analyse the movement 

patterns during work hours and leisure time and differentiate lying time (nonsleep) from 

sleep duration.  

 

4.8 Variables 

Independent variables included sociodemographic information, health 

behaviours, and physical activity behaviours. Resilience was the only dependent variable 

in this study. The sociodemographic variables and resilience variable were discussed in 
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section 4.7.1 (Online survey), while the variables for physical activity behaviours are 

explained in this section. Physical activity behavioural variables (patterns and intensities) 

used in this study are shown in Table 8, and they were categorised following the study-

specific job demands-recovery framework. 

 

Table 8  
 
Physical Activity Variables Used in This Study 

 Physical activity behavioural pattern  Physical activity intensity 

Job demands 

(Workdays: two 

12-hour shifts) 

Sitting  Sedentary 

Standing  Light 

Dynamic standinga Moderate 

Lying (nonsleep)b Vigorous 

Walking  Moderate to vigorous physical activityc 

Running   

Sleeping  

Sedentary timed    

Occupational physical activitye  

Recovery 

(Nonworkdays: 

two days off) 

Sitting  Sedentary 

Standing Light 

Dynamic standinga Moderate 

Lying (nonsleep)b  Vigorous 

Walking  Moderate to vigorous physical activityc 

Running   

Sleeping  

Sedentary timed  

Leisure time physical activityf  

 

Note. The unit for each variable is minutes. 

a.Dynamic standing refers to standing with slight movements over two 12-hour shifts or two nonworkdays. 
b.Lying does not include sleep duration over two 12-hour shifts or two nonworkdays. 
c.Moderate to vigorous physical activity comprises moderate intensity and vigorous intensity of movement over 

two 12-hour shifts or two nonworkdays. 
d.Sedentary time comprises sitting and lying (nonsleep) over two 12-hour shifts or two nonworkdays.  
e.Occupational physical activity consists of standing, dynamic standing, walking, and running over two 12-hour 

shifts.  
f.Leisure time physical activity encompasses dynamic standing, walking, and running over two nonworkdays. 
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The variables for physical activity behavioural patterns included sitting, standing, 

dynamic standing, walking, running, lying, sleeping, and sedentary time at work and 

during leisure time. It also included occupational physical activity and leisure time 

physical activity. The variables for physical activity intensities are sedentary, light, 

moderate, vigorous, and moderate to vigorous physical activity during work and leisure 

time.  

 

Occupational physical activity consists of standing, dynamic standing, walking, 

and running behaviours over two workdays (12-hour shifts), while leisure time physical 

activity encompasses dynamic standing, walking, and running behaviours over two 

nonworkdays. Sedentary time comprises sitting and lying (nonsleep) over two workdays 

(12-hour shifts) or nonworkdays (two days off). Dynamic standing refers to standing with 

slight movement over two 12-hour shifts or two nonworkdays. Moderate to vigorous 

physical activity comprises moderate intensity and vigorous intensity of movement over 

two 12-hour shifts or two nonworkdays.  

 

4.9 Statistical Data Analysis 

OMGUI software (Version 1.0.0.30, Open Movement, Newcastle University, UK) 

was utilised for Axivity AX3 accelerometer configuration and raw data downloads. 

Accelerometer raw data was synchronised by timestamp and validated for wear time via a 

temperature sensor using previously developed MATLAB scripts (release 2017b, The 

MathWorks, Inc., MA, USA) (Duncan et al., 2018). The raw data were combined and 

restructured into daily 6-part movement behaviour over 24 hours (lying, sitting, standing, 

dynamic standing, walking, and running) using previously developed algorithms in R 

packages (Chastin & Palarea-Albaladejo, 2015; Stewart et al., 2018).  

 

SPSS version 25 and 26 were utilised for data analysis. A mean level for 

participants’ accelerometer wear times was calculated to determine a threshold for 

inclusion and exclusion criteria. The study excluded the participants whose accelerometer 

nonwear times during the tested four days exceeded the threshold. In detail, the 
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threshold was determined by using the Shapiro-Wilk test that identified the distribution of 

participants who did not wear the accelerometers during the four consecutive days (two 

workdays followed by two nonworkdays). Independent-samples t test and chi-square 

were used to compare the excluded group to the included group to identify whether the 

exclusion had an impact on the study sample (details in section 5.4.1 Participation rate 

and compliance rate and Appendix VIII). It is noted that within this context, there is not an 

established approach to determine a threshold for data exclusion. It is important to 

establish the approach for this study, as missing data can increase the inaccuracy of 

overall physical activity measurement.   

 

The three studies utilised different statistical approaches when analysing the 

research data. Study 1 utilised bivariate and multivariable analysis to identify the factors 

in predicting nurse resilience. In Study 2, R software (version 3.6.1) and the ggplot 

package were employed to summarise data and produce time-series graphs for physical 

activity patterns (sitting, standing, dynamic standing, walking, and lying) during a 12-hour 

shift. Independent-samples t test and Mann-Whitney U test were undertaken to compare 

the physical activity patterns between the nurses’ day shift group and the night shift group 

or between the two ICU unit groups. Study 3 employed a hierarchical clustering analysis 

to cluster the study sample into four groups. Participants in each group had similar 

physical activity patterns of sitting, standing, dynamic standing, walking, running, lying, 

and sleeping during the four days (two workdays followed by two nonworkdays). 

Multivariable analysis was also employed to identify the associations between resilience 

and the identified clusters. A p < .05 was selected as the significance level for the current 

study.  

 

4.10 Research Costs 

Several strategies were undertaken to reduce research costs as much as 

possible. An efficient schedule for accelerometer fittings was key to reducing the research 

costs. For example, the researcher arranged to fit accelerometers to as many participants 

as possible within one day. While at each research site for collecting returned 
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accelerometers, she attempted to recruit new participants. Reducing research costs was 

also achieved by spending more time answering participants’ questions and reinforcing 

with them the importance of following the research protocol. Travelling during off-peak 

traffic times reduced costs and saved time. In addition, the 13 pairs of accelerometers 

and the research printing were provided free of charge. Therefore, the total research cost 

was $4,648.80 in NZ dollars, and the details are listed in Table 9. It should be noted that 

the current market price for each accelerometer is $216.00 in NZ dollars, and the cost of 

the 13 pairs of accelerometers is $5,616.00 in NZ dollars. If adding this to the actual 

research cost, the total research cost would have been $10,264.60 in NZ dollars.   

 

Table 9  
 
Research Costs 

Items Amount of 

money spent 

(NZ dollars) 

Total (NZ 

dollars) 

Accelerometers  0 0 

Printing 0 0 

Accelerometer dressings 712.80 712.80 

Petrol and car parking 2,851.20 3,564.00 

Chocolates for research sites 124.90 3,688.90 

$200 in NZ dollars for a prize draw at each site 800.00 4,488.90 

Miscellaneous items (e.g., safety razors, multipurpose 

disinfectant wipes, payment for the Connor-Davidson 

Resilience Scale 25, and replacement of Westfield gift cards) 

159.90 4,648.80 

 

 

4.11 Summary 

A cross-sectional multi-centre study was designed to explore nurse resilience and 

its associated factors in four ICUs at three hospitals within the Auckland region in New 

Zealand. Ethics approval was received from the Auckland Health Research Ethics 

Committee, and the relevant consent forms were signed by each research site as well as 

participants. Several strategies were employed for recruitment, including a $200 in NZ 
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dollars prize draw at each ICU, detailed report of 4-day physical activity, nomination of a 

local investigator at each unit, well-prepared research participation information sheet, and 

excellent communication skills. This study utilised purposive sampling and aimed to 

recruit 100 participants from approximately 500 nurses working in the four units.  

 

A quantitative online survey was employed to assess participants’ resilience 

levels and collate their personal information that included sociodemographic factors, 

work-related factors, and subjectively assessed health behaviours. Participants were 

each issued with a pair of Axivity AX3 accelerometers to capture their work and leisure 

time physical activity behaviours over four consecutive days (two workdays followed by 

two nonworkdays). This chapter introduced Axivity AX3 accelerometers, the benefits and 

challenges of using them, the required medical dressings and the procedure for 

accelerometer fitting, the accelerometer wearing protocol, and the accelerometer fitting 

schedules. A log was introduced for participants to self-report their work hours, sleep 

duration, and nonwear accelerometer times. The log also included the instructions for 

participants to reaffix accelerometers if needed. The specified variables were defined in 

this chapter, according to these determined measures. OMGUI software, MATLAB 

scripts, R software, and SPSS version 25 and 26 were used for statistical data analysis. 

The total cost for conducting the research was $4,648.80 in NZ dollars. 
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Preface to Chapters 5, 6, and 7 

 

Chapters 5, 6, and 7 will present Studies 1, 2, and 3, respectively. Chapter 5 (Study 

1) reported individual resilience associated with physical activity and personal factors. 

Chapter 6 (Study 2) identified and described the objectively measured physical activity 

behavioural patterns during a 12-hour shift to help further understand intensive care nurses’ 

physical job demands. Chapter 7 (Study 3) clustered the study sample into four groups and 

explored the profiles of physical activity and associations with resilience.  

 

A number of tables and figures and permissions for reproducing published articles 

are provided as supplemental information in appendices. Supporting information for Studies 

1 and 2 are presented in Appendix VIII and IX, respectively. Additional supporting 

information for the whole thesis is in Appendix X. Appendix X provides a detailed description 

of the mean resilience levels by demographics and health behaviours, correlations between 

resilience and the physical activity variables, stepwise multivariable linear regression 

analysis (with and without ICU as a control variable), and nonsignificant associations 

between resilience and identified physical activity profiles. It also includes an analysis of 

answers for the Connor-Davidson Resilience Scale 25. In addition, Appendix X incorporates 

the framework proposed by Chmitorz and colleagues (2018) for resilience study assessment. 

 

Additional post hoc analysis (Appendix XI) was performed to determine whether 

working night shifts was a factor that affected the associations between resilience and 

identified clusters. Further post hoc analysis was performed to identify whether resilience 

was related to participants’ shift patterns (day or night shift). Appendix XI details the reasons 

why these analyses were carried out, the analysis process, and the results. 
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Chapter 5: Study 1 

 
Article: Physical activity and personal factors associated with 

nurse resilience in intensive care units 

 

This manuscript was published in the Journal of Clinical Nursing in 2020. Using the 

Connor-Davidson Resilience Scale 25, this study explored nurse resilience and associations 

with sociodemographic factors, health behaviours, and physical activity. Furthermore, 

following the developed study-specific job demands-recovery framework, this study utilised 

dual accelerometry and objectively analysed nurses’ 4-day physical activity (two workdays 

followed by two nonworkdays) as well as associations with resilience.  

 

The following article is cited as: 

Yu, F., Cavadino, A., Mackay, L., Ward, K., King, A., & Smith, M. (2020). Physical activity 

and personal factors associated with nurse resilience in intensive care units. Journal of 

Clinical Nursing, 29, 3246-3262. doi: 10.1111/JOCN.15338 

 

The paper is reproduced here in its entirety with permission (Appendix VIII) from the 

Journal of Clinical Nursing (Impact factor 1.93; H-index 87; Rank 6189; SCImago Journal 

Rank 0.786) (resurchify, 2020b).   
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Abstract  

Aim and objectives: The study aimed to assess intensive care nurses’ resilience and identify 

associated personal factors and physical activity behaviours using a job demands-recovery 

framework. 

 

Background: Currently, there is inconsistent evidence as to whether nurse resilience is 

associated with personal factors or with physical activity at work or during leisure time.  

 

Design: A cross-sectional study was conducted with nurses from four intensive care units in 

Auckland, New Zealand.  

 

Methods: An online survey was conducted to collect nurses’ personal information and 

assess their resilience levels using the Connor-Davidson Resilience Scale 25. Participants 

were nurses working at least 32 hours fortnightly and providing direct patient care. Physical 

activity was objectively measured using a pair of accelerometers worn on the back and thigh 

over four consecutive days (two workdays followed by two nonworkdays). Bivariable and 

multivariable regression were used to identify personal factors and physical activity 

behaviours associated with resilience. 

 

Results: A total of 93 nurses were included in the study. The participants’ average resilience 

level was low. Resilience was positively associated with the objectively measured physical 

job demand factors: occupational physical activity, moderate to vigorous physical activity at 

work, and dynamic standing at work. Resilience was negatively associated with one recovery 

factor: sleep during leisure time. In multivariable modelling, being married and moderate to 

vigorous physical activity at work were positively associated with resilience, while not having 

religious beliefs and sleep during leisure time were negatively associated with resilience. 

 

Conclusions: Resilient nurses have a greater tolerance to high physical activity at work and 

lower sleep duration during leisure time. Strategies are needed to improve intensive care 

nurses’ resilience levels. 
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Relevance to clinical practice: Results may help managers gain a better understanding of the 

ICU nurses’ characteristics associated with resilience, leading them to develop strategies for 

improving ICU nurse resilience. 

 

What does this paper contribute to the wider global clinical community?  

Impact statement: 

• This study is the first to objectively measure nurses’ physical activity utilising a job 

demands-recovery framework and to identify the associations between resilience and 

nurses’ physical activity at work and during leisure time. Dynamic standing, as a novel 

concept and a new way of measuring physical activity at work, is introduced in this study. 

• Married or religious nurses were found to have higher levels of resilience, compared to 

single or nonreligious nurses. 

• Resilient nurses had higher levels of physical activity at work and lower sleep duration 

during leisure time.  
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5.1 Introduction 

Health promotion is of great importance for organisations as well as for nurses to 

support physical and psychological well-being, ultimately improving work performance and 

staff retention. Prolonged nursing shortages result in heavy workloads that lead to increased 

work stress and turnover, and this profoundly affects nurses physically and mentally (Chan 

et al., 2013; da Costa & Pinto, 2017). Evidence shows that nurses from intensive care units 

experience a high risk of developing psychological problems, and resilience helps attenuate 

the effects of adverse outcomes. Mealer, Jones, Newman et al. (2012) collated data from 

744 American ICU nurses studied in 2010 and found that 80% had one or more symptoms of 

burnout syndrome (emotional exhaustion, depersonalisation, or lack of personal 

accomplishment). The study also reported that highly resilient nurses (22% of the 744 

participants) had a lower profile of burnout syndrome, posttraumatic stress disorder, anxiety, 

or depression (Mealer, Jones, Newman et al., 2012). Similarly, another study by Rushton et 

al. (2015) surveyed 114 nurses from six ICUs at four American hospitals and identified that 

highly resilient nurses exhibited lower stress levels and that resilience helped protect them 

from burnout. Increased personal resilience may help nurses improve adaptation to stressful 

work environments (Hart et al., 2014). It may also reduce nurse vulnerability (Jackson et al., 

2007) and mitigate the effects of emotional dissonance (Delgado et al., 2017). Therefore, 

understanding resilience is crucial for intensive care nurses to improve their ability and 

capacity to deal with stressful and challenging situations. 

 

Scholars have identified that resilience encompasses various characteristics that 

have been explored in different ways. Resilience is described as an individual’s ability to 

recuperate and capacity for proactive protection (Youssef & Luthans, 2007). Resilience is 

also defined as a personality profile of self-control and conscientiousness (Fisk & Dionisi, 

2010) and a dynamic process or an innate life force of motivation (Grafton et al., 2010). A 

recent study has identified five resilience characteristics in general: overcoming adversity 

process, adaptation capacity, multidimensional concept, mental immunity, and recovery 

ability (Aburn, Gott, & Hoare, 2015). Within the context of intensive care nursing speciality, 
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resilience has been explained as nurses’ cognitive flexibility, coping ability, and adaptability 

(Mealer, Jones, Newman et al., 2012).  

 

5.2 Background 

5.2.1 Resilience and job demands-recovery. 

Using the job demands-resources model (Bakker & Demerouti, 2007), researchers 

identified that resilience mitigated the effects of job demands, thus helping nurses recover 

quickly from work adversity (Yu et al., 2019). Increased job demands can negatively affect 

nurses physically and psychologically, while sufficient recovery can enhance their well-being 

and work performance (Bakker & Demerouti, 2007). Numerous studies identified the 

associations between resilience and the negative psychological impact of job demands, such 

as stress, burnout, fatigue, anxiety, depression, posttraumatic stress disorder, and workplace 

bullying (Yu et al., 2019). There is very little in the literature to connect how physical activity 

fits within the job demands-resources model and nurses’ resilience. In particular, a 

systematic review has identified that only a few studies have objectively measured physical 

activity in relation to nurses’ job demands (Chappel, Verswijveren, Aisbett, Considine, & 

Ridgers, 2017).  

 

5.2.2 Resilience, activity, and recovery. 

5.2.2.1 Occupational and leisure time physical activity and 

recovery. 

Regular exercise can help enhance levels of psychological resilience, thus improving 

well-being (Özkara et al., 2016; Silverman & Deuster, 2014). Indeed, studies with nurse 

populations have shown that the promotion of leisure time physical activity can attenuate the 

negative outcomes of job demands, such as back pain, premature death, stress, and burnout 

(McCarthy, Wills, & Crowley, 2018; Reed, Prince et al., 2018; Schluter, Turner, Huntington, 

Bain, & McClure, 2011). Further, research with undergraduate student populations has 
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highlighted the link between resilience and leisure time physical activity (Hegberg & Tone, 

2014; Lines et al., 2020). 

 

However, it is unclear whether resilience is associated with nurses’ physical activity 

at work and/or leisure time. Nurses’ occupational physical activity primarily involves standing 

and slow walking behaviours, and they engage in a substantially higher amount of light-

intensity activity along with moderate-intensity nursing tasks (Chappel et al., 2017). 

Furthermore, high job demands, long work hours, and frequently rotating shift work patterns 

are the main barriers preventing nurses from actively exercising during leisure time (Caruso, 

2014; Reed, Prince et al., 2018; Schluter et al., 2011).  

 

It is also unclear whether sleep, as an important recovery factor, is related to nurse 

resilience. Sleep quality, as an essential health indicator, has a significant impact on nurses’ 

work performance and personal life (Pérez-Fuentes, Molero Jurado, Simón Márquez, & 

Gázquez Linares, 2019). Sleep disturbance is related to increased age, family dependents, 

unhealthy eating, lack of physical activity, and low emotional intelligence (Pérez-Fuentes et 

al., 2019). Resilience is a protective resource and can help mitigate the negative effect of 

perceived stress on sleep disturbance, thus improving sleep quality (Liu et al., 2016).  

 

5.2.2.2 Physical activity measurement and concepts. 

One issue that has hindered progress in this area is how physical activity has been 

measured and conceptualised. For example, there has been a general lack of objective 

measurement of physical activity in relation to nurse resilience. Objective measures, such as 

using accelerometry, are preferred over subjective measures (e.g., surveys), as they 

eliminate issues with self-report bias, recall, or social desirability, which may overestimate 

physical activity (Chappel et al., 2017). Accelerometry is a technique for quantifying human 

movement patterns using accelerometer-based systems. Accelerometers can be worn on 

the wrist, ankle, and hip or on the lower back. The application of multiple accelerometer units 

allows for accurate determination of physical activity behaviour (such as sitting, standing, 

moving, or lying) and for estimating the intensity of movement (such as moderate to vigorous 
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physical activities). The time-stamped feature of accelerometry also enables the extraction of 

specific time periods for data analysis. 

 

In the context of this research, comprehending work-related physical activity 

“demands” and leisure time “recovery” is important in order to understand the different 

pathways to resilience. Moderate to vigorous intensity physical activity (such as brisk walking 

or jogging) is of particular interest. This is because studies have identified the beneficial 

outcomes of moderate to vigorous physical activity on health, such as improving metabolic 

rate and decreasing mortality risk (Ekelund et al., 2019; Saint-Maurice, Troiano, Berrigan, 

Kraus, & Matthews, 2018). Evidence has also highlighted the link between resilience and 

moderate to vigorous physical activity in studies with different populations (Hegberg & Tone, 

2014; Lines et al., 2020; Wermelinger et al., 2018). However, all these studies linking 

moderate to vigorous physical activity to health outcomes utilised subjective measurement.  

  

The use of accelerometry to measure free living activity behaviours is progressing 

rapidly. One advancement of interest is the use of multiple accelerometers to detect 

postures, using algorithms to predict specific activity behaviours. This is opposed to generic 

measures of physical activity intensity. For example, one recent development of relevance to 

nursing physical activity behaviours is the conceptualisation and objective measurement of 

“dynamic standing”. It is defined as “standing with slight movement” which could include 

normal daily activities such as cooking, washing, or vacuuming (Narayanan, Stewart, & 

Mackay, 2020). This type of movement aligns well with ICU nurse physical activities as 

described above. These could include providing hygiene care (oral care and bed baths), 

turning patients to relieve pressure areas, removing chest drains or pacing wires, preparing 

medication for infusion pumps, and dialysing patients. To date, the concept of dynamic 

standing has not been explored in workplace health research on nurses. 

 

There is a clear knowledge gap in understanding relationships between resilience 

and nurses’ physical activity at work (job demands) or during leisure time (recovery). 

Accordingly, a research question has been raised for this study: Is resilience related to 
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nurses’ physical activity at work (job demands) and/or during leisure time (recovery)? Hence, 

this study aimed to examine ICU nurses’ resilience levels in relation to personal factors and 

physical activity behaviours using a job demands-recovery framework. 

 

5.3 Methods 

This study, titled “Physical activity and personal factors associated with nurse 

resilience in intensive care units” was reported following the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) checklist (von Elm et al., 2007) 

(Supplementary File 1 in Appendix VIII). 

 

5.3.1 Design. 

5.3.1.1 Setting and ethical approval. 

A study-specific framework of job demands-recovery was developed for 

contextualising the study aim (Figure 10). The framework categorises nurses’ occupational 

physical activity, moderate to vigorous physical activity, and dynamic standing as job 

demands during workdays. Conversely, it classifies leisure time physical activity, moderate 

to vigorous physical activity, sedentary time, and sleep as recovery during nonworkdays. 

Additionally, it considers how resilience is related to the physical job demands in the health 

impairment process as well as recovery in the motivational process. 
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Figure 10. A Developed Study-Specific Job Demands-Recovery Framework for Study 1  

 
Figure 10. Adapted from “The Job Demands-Resources Model: State of the Art,” by A. B. Bakker and E.  

Demerouti, 2007, Journal of Managerial Psychology, 22(3), p. 313. Copyright 2007 by Emerald Publishing  

Limited. 

 

A cross-sectional multi-centre study was designed and conducted in three tertiary 

teaching hospitals within the Auckland region. Auckland is New Zealand’s largest city with 

1.6 million residents, which is approximately one-third of the nation’s population. The three 

hospitals are serviced by three different District Health Boards that are responsible for public 

health services in the greater Auckland area. One of these hospitals has two ICUs, while the 

others have one each. These three hospitals have a collective workforce of approximately 

500 ICU nurses and nurse managers (with varying workloads and schedules).  

 

Four intensive care units from these three hospitals were invited to participate in the 

study via email between May and June 2019, and the data were then collected from July to 

October 2019. Ethics approval for the study was granted by the Auckland Health Research 

Ethics Committee (Ref. 000070). Approval was also obtained from each District Health 

Board and research site. Participation was voluntary and informed, with each participant 

required to sign a consent form before answering an online survey and wearing a pair of 

accelerometers.   
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5.3.1.2 Inclusion and exclusion criteria. 

The study targeted ICU nurses who worked at least 32 hours fortnightly and were 

involved in direct patient care. It excluded anyone allergic to the Elastoplast medical 

dressings that were used to attach the accelerometers. It also excluded nurse coordinators, 

as their workloads differ from ICU nurses who provide direct patient care. The study further 

required the participants to wear a pair of accelerometers continuously for four consecutive 

days (two workdays followed by two nonworkdays).  

 

5.3.1.3 Recruitment and study size. 

Several strategies were utilised for recruitment. Nominated local investigators 

(independent of the study) assisted the researcher in advertising the research. A $200 in NZ 

dollars prize draw was offered at the completion of data collection at each unit, and each 

participant received a report of their 4-day physical activity. Approximately 500 ICU nurses 

and nurse managers work in the three selected public hospitals. A targeted sample size of 

100 participants was initially identified, based on a previous study which recruited 103 

participants from 576 office workers (participation rate 17.8%) in Perth, Western Australia 

(Tobin et al., 2016). In this earlier study, a total of 103 participants provided sufficient power 

to identify significant differences in respondents’ physical activity behaviours using an 

activPAL activity monitor (Tobin et al., 2016). The targeted sample size of 100 participants 

for the current study was further checked using G*Power. At a significance level of 5%, a 

sample of 100 participants provided 90% power to detect an effect size as small as f² = .107 

in linear regression analysis, or a “medium” effect size (Cohen, 1988; Faul, Erdfelder, Lang, 

& Buchner, 2007).   
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5.3.2 Data collection. 

5.3.2.1 Protocol and measures. 

5.3.2.1.1 Survey. 

An online survey was used to measure ICU nurse resilience (25 questions) and 

personal factors (sociodemographic information, work factors, and subjectively assessed 

health behaviours; 20 questions). Sociodemographic information included age, sex, marital 

status, religious beliefs, ethnicity, family dependents, and highest qualification attained. It 

also collected information regarding shift patterns, fortnightly work hours, frequency of 

working night shifts, years of nursing experience, and years of ICU nursing experience. The 

health behaviours encompassed frequency of physical activity per week, cigarettes smoked 

per day, cups of coffee consumed per day, frequency of alcohol consumption, usual sleep 

duration per 24-hour period, sleep medication use, sleep quality over the last 30 days, and 

general health status. These questions were mainly adapted from the New Zealand Health 

Survey (Ministry of Health, 2018).  

 

Resilience was measured using the Connor-Davidson Resilience Scale 25 (Connor 

& Davidson, 2003). This scale assesses resilience from five aspects: personal competence 

and persistence, negative outcome tolerance, adaptation to change, self-control, and 

spiritual influences. The answers employ a 5-point Likert Scale with 0 representing not true 

at all, 1 rarely true, 2 sometimes true, 3 often true, and 4 true nearly all the time (Connor & 

Davidson, 2003). The total scores range from 0 to 100, with higher scores indicating greater 

resilience (Connor & Davidson, 2003). Accordingly, the resilience levels are categorised as 

lowest (0-73), low-medium (74-82), high-medium (83-90) and high (91-100) (Connor & 

Davidson, 2003). The Cronbach’s alpha was .93 in the study of Connor and Davidson 

(2003), indicating that the reliability of this tool makes it pertinent to the current research. 
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5.3.2.1.2 Objective assessment of physical activity. 

Each participant was issued with a pair of Axivity AX3, triaxial accelerometers, 

incorporating a temperature sensor and a real-time clock, to wear continuously for four 

consecutive days (two workdays followed by two nonworkdays). Accelerometers were 

distributed to participants with a unique numerical code used to match the recorded data. 

One unit was affixed to each participant’s lower back (offset from the spine) and the other 

onto the anterior aspect of their thigh, using hypoallergenic medical dressings. Figure 11 

shows the image of an Axivity AX3 accelerometer and the locations where a pair of 

accelerometers were affixed to a participant. OMGUI software (version 1.0.0.30, Open 

Movement, Newcastle University, UK) was used to configure the accelerometers before 

wearing and to download the physical activity data after removal.  

 

Figure 11. Accelerometer (Axivity AX3) Image and Locations When Affixed to Participants  

 
Dimensions: 23.0 mm (width) x 32.5 mm (length) 
x 7.6 mm (height); Weight: 11.0 g. Further details 
can be found at https://axivity.com 

                Thigh 
 

 

          Lower Back 
 

 

 

 

Machine learning has been utilised to develop algorithms using the data collected 

from the Axivity AX3 accelerometers. This process enables detection and classification of 

postures (such as sitting, standing, lying, or moving) and movement intensity (such as 

sedentary, light, moderate, or vigorous levels of physical activity) (Stewart et al., 2018). 

Movement intensity can also be estimated as being sedentary or being of a light, moderate, 

or vigorous nature. The protocol for accelerometer wear (dual placement) and data 

processing has been validated by previous studies (Duncan et al., 2018; Schneller et al., 

2017; Stewart et al., 2018).  
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5.3.2.1.3 Variables. 

Physical activity behavioural variables were classified following the job demands-

recovery framework and are described below. 

 

Job demand variables: 

• Occupational physical activity consists of standing, dynamic standing, walking, and 

running behaviours over two 12-hour shifts. 

• Moderate to vigorous physical activity comprises moderate intensity and vigorous 

intensities of movement over two 12-hour shifts.  

• Dynamic standing refers to standing with slight movements over two 12-hour shifts. 

  

Recovery variables: 

• Leisure time physical activity encompasses dynamic standing, walking, and running 

behaviours over two nonworkdays. 

• Moderate to vigorous physical activity includes moderate intensity and vigorous 

intensities of movement over two nonworkdays. 

• Sedentary time comprises the sum of sitting and lying (excluding sleeping) behaviours 

over two nonworkdays.  

• Sleep refers to sleeping over two nonworkdays. 

 

5.3.3 Statistical analyses. 

MATLAB (release 2017b, The MathWorks, Inc., MA, USA) was used to convert the 

Axivity AX3 accelerometer raw data into daily 6-part movement behaviours (lying, sitting, 

standing, dynamic standing, walking, and running) over 24-hours. SPSS version 25 was 

utilised to analyse the accelerometer data and the online survey information. Descriptive 

statistics were used to identify participants’ demographic characteristics (frequency and 

percentage), resilience levels (mean and standard deviation), and physical activity (mean 

and standard deviation). Shapiro-Wilk test, independent-samples t test, and chi-square were 

also undertaken to determine participants’ inclusion and exclusion from analyses. Any 

participant who failed to wear their accelerometers for time periods exceeding 104.4 minutes 
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in total were excluded from the study, as missing data can affect the accuracy of overall 

physical activity measurement.   

 

Bivariable analysis (linear regression) was performed to identify potential 

associations between resilience and each independent variable. Variables associated with 

resilience at p < .100 were then included in a multivariable linear regression analysis. 

Stepwise multivariable regression was employed to remove variables with the largest 

nonsignificant p-value from the group step by step in order to achieve the best fit model in 

predicting resilience. Models were repeated with additional adjustment for ICU unit, to 

account for potential differences in average levels of resilience between the different ICU 

settings. Variance inflation factor, tolerance, and coefficient correlations were assessed for 

collinearity diagnostics. A p-value < .05 was set as the level of significance for this study. 

 

5.4 Results 

5.4.1 Participation rate and compliance rate. 

A total of 374 ICU nurses met the inclusion criteria and were invited to participate in 

the study. Of these, 132 (35.3%) agreed to participate and signed the consent forms. Of 

these 132 nurses, 107 completed the online survey and wore the accelerometers for four 

consecutive days. The remaining 25 participants were excluded due to unavailable shift 

schedules (n = 15), injuries (n = 3), or personal reasons (n = 7). Of those 107 participants, 

one person’s data were lost due to a faulty accelerometer, while 13 failed to continuously 

wear their accelerometers over the required four consecutive days. The time periods that 

their accelerometers were unattached varied between 188 minutes and 1,368 minutes. The 

average time period that the accelerometers were not worn was 104.4 minutes (Figure S1, 

supporting information in Appendix VIII). Therefore, the 13 participants were excluded from 

the study, as the total time that their accelerometers were not worn for exceeded 104.4 

minutes.  
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As a result, 93 of the 106 participants wore the accelerometers continuously over the 

four consecutive days, giving a compliance rate of 87.7%. A flow diagram (Figure 12) 

explains the process of the participants’ inclusion and exclusion. There were no statistically 

significant differences between participants who were included and excluded in terms of 

resilience, age, ethnicity, self-reported physical activity, and objectively measured moderate 

to vigorous physical activity at workdays and during leisure time (Table S3, supporting 

information in Appendix VIII). Using the Shapiro-Wilk test, the normality of the distribution of 

the 93 participants’ resilience score was confirmed (p = .608, Figure S2, supporting 

information in Appendix VIII). 

 

Figure 12. A Flow Diagram for Participant Recruitment, Participation, Eligibility, and Inclusion  
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5.4.2 Sample characteristics. 

5.4.2.1 Resilience. 

A total of 93 participants were recruited from four intensive care units (ICU1, ICU2, 

ICU3, and ICU4). Of the 93 respondents, 31 (33.3%) and 27 (29.0%) were recruited from 

ICU1 and ICU2, respectively, while 23 (24.7%) were from ICU3, and the remaining 12 

(13.0%) were from ICU4. Table 10 summarises the participants’ resilience scores and levels, 

sociodemographic information, work factors, self-reported health behaviours, and objectively 

assessed physical activity. The mean resilience score for the total sample was 73.0 (SD = 

9.6), indicating the average resilience level was in the lowest category (resilience score 0-73) 

(Connor & Davidson, 2003). Of the four units, ICU2 had the highest average resilience score 

at 75.7 (SD = 9.2), while ICU4 had the lowest score of 70.0 (SD = 6.9). Of the 93 

participants, 55.9% had the lowest levels (0-73), and 29.0% demonstrated low-medium 

levels (74-82), while only 5.4% exhibited high resilience levels (91-100), and 9.7% scored at 

high-medium levels (83-90) (Connor & Davidson, 2003). The mean resilience level in each 

subgroup for each unit and the total sample is shown in Table S4 (supporting information in 

Appendix VIII): Demographic and work-related characteristics by resilience.  
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Table 10  
 
Resilience, Personal Factors, and Physical Activity for ICU1, ICU2, ICU3, ICU4 and the Total Sample 

ICU 

Variables 

ICU1 ICU2 ICU3 ICU4 Total sample 

Resilience scorea (Mean (SD))  71.7 (9.5) 75.7 (9.2)  73.1 (11.0) 70.0 (6.9) 73.0 (9.6) 

Average resilience levelb  Lowest Low-medium Lowest  Lowest Lowest 

Mean age (SD)  30.7 (6.4) 38.1 (11.6) 33.2 (9.0) 34.2 (10.8) 33.9 (9.6) 

Number of participants N (%) 31 (33.3) 27 (29.0) 23 (24.7) 12 (13.0) 93 (100) 

Age group      

20-34 27 (87.1) 14 (51.9) 17 (73.9) 9 (75.0) 67 (72.0) 

35+ 4 (12.9) 13 (48.1) 6 (26.1) 3 (25.0) 26 (28.0) 

Sex      

Male 10 (32.3) 7 (25.9) 6 (26.1) 2 (16.7) 25 (26.9) 

Female 21 (67.7) 20 (74.1) 17 (73.9) 10 (83.3) 68 (73.1) 

Marital status      

Single 22 (71.0) 14 (51.9) 12 (52.2) 7 (58.3) 55 (59.1) 

Married 9 (29.0) 13 (48.1) 11 (47.8) 5 (41.7) 38 (40.9) 

Religious beliefs      

Yes 19 (61.3) 15 (55.6) 9 (39.1) 6 (50.0) 49 (52.7) 

No 12 (38.7) 12 (44.4) 14 (60.9) 6 (50.0) 44 (47.3) 

Ethnicity      

European 9 (29.0) 15 (55.6) 12 (52.2) 7 (58.3) 43 (46.2) 

Other  22 (71.0) 12 (44.4) 11 (47.8) 5 (41.7) 50 (53.8) 

Family dependents      

0 22 (71.0) 16 (59.3) 13 (56.5) 7 (58.3) 58 (62.4) 

1+ 9 (29.0) 11 (40.7) 10 (43.5) 5 (41.7) 35 (37.6) 

Highest qualification attained      

Undergraduate  16 (51.6) 7 (25.9) 7 (30.4) 5 (41.7) 35 (37.6) 

Postgraduate  15 (48.4) 20 (74.1) 16 (69.6) 7 (58.3) 58 (62.4) 

Working part-time or full-time      

Part-time     1 (3.2) 8 (29.6) 3 (13.0) 1 (8.3) 13 (14.0) 

Full-time      30 (96.8) 19 (70.4) 20 (87.0) 11 (91.7) 80 (86.0) 

Working night shifts      

Permanently 3 (9.7) 4 (14.8) 1 (4.3) 0 8 (8.6) 

Every two weeks 25 (80.6) 17 (63.0) 14 (60.9) 12 (100) 68 (73.1) 

Every month/ Don’t work night shifts 3 (9.7) 6 (22.2) 8 (34.8) 0 17 (18.3) 

Years of nursing experience      

Under 2 2 (6.5) 2 (7.4) 2 (8.7) 2 (16.7) 8 (8.6) 

2 to 5 10 (32.3) 5 (18.5) 8 (34.8) 0 23 (24.7) 

6 to 10 14 (45.2) 6 (22.2) 6 (26.1) 6 (50.0) 32 (34.4) 

 11+    5 (16.1) 14 (51.9) 7 (30.4) 4 (33.3) 30 (32.3) 

Years of ICU nursing experience      

Under 2 6 (19.4) 5 (18.5) 6 (26.1) 4 (33.3) 21 (22.6) 

2 to 5 16 (51.6) 7 (25.9) 11 (47.8) 1 (8.3) 35 (37.6) 

6 to 10 8 (25.8) 4 (14.8) 3 (13.0) 4 (33.3) 19 (20.4) 

11+    1 (3.2) 11 (40.7) 3 (13.0) 3 (25.0) 18 (19.4) 

Frequency of physical activities per week      

1-2                 9 (29.0) 11 (40.7) 5 (21.7) 0 25 (26.9) 

3-4               12 (38.7) 8 (29.6) 11 (47.8) 5 (41.7) 36 (38.7) 

5+               4 (12.9) 5 (18.5) 3 (13.0) 6 (50.0) 18 (19.4) 

Never 3 (9.7) 1 (3.7) 2 (8.7) 0 6 (6.5) 

Don’t know/I prefer to not answer         3 (9.7) 2 (7.4) 2 (8.7) 1 (8.3) 8 (8.5) 

Cigarettes smoked per day      
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ICU 

Variables 

ICU1 ICU2 ICU3 ICU4 Total sample 

None 30 (96.8) 27 (100.0) 23 (100) 12 (100) 92 (98.9) 

Less than 5 1 (3.2) 0 0 0 1 (1.1) 

Cups of coffee consumed per day      

None 8 (25.8) 5 (18.5) 3 (13.0) 5 (41.7) 21 (22.6) 

1-2 17 (54.8) 13 (48.1) 17 (73.9) 6 (50.0) 53 (57.0) 

3+ 6 (19.4) 9 (33.3) 3 (13.0) 1 (8.3) 19 (20.4) 

Frequency of alcohol consumption      

None 11 (35.5) 4 (14.8) 5 (21.7) 5 (41.7) 25 (26.9) 

Monthly or less 13 (41.9) 11 (40.7) 11 (47.8) 4 (33.3) 39 (41.9) 

Up to 4 times a month 5 (16.1) 7 (25.9) 6 (26.1) 2 (16.7) 20 (21.5) 

4 or more times a week 2 (6.5) 5 (18.5) 1 (4.3) 1 (8.3) 9 (9.7) 

Usual sleep duration per 24-hour period      

5-6 12 (38.7) 5 (18.5) 4 (17.4) 1 (8.3) 22 (23.7) 

7+ 18 (58.1) 21 (77.8) 17 (73.9) 11 (91.7) 67 (72.0) 

Don’t know 1 (3.2) 1 (3.7) 2 (8.7) 0 4 (4.3) 

Sleep medication use      

No  29 (93.5) 25 (92.6) 17 (73.9) 9 (75.0) 80 (86.0) 

Yes 2 (6.5) 2 (7.4) 6 (26.1) 3 (25.0) 13 (14.0) 

Sleep quality over the last 30 days      

Very good 2 (6.5) 3 (11.1) 3 (13.0) 3 (25.0) 11 (11.8) 

Fairly good 22 (71.0) 18 (66.7) 13 (56.5) 7 (58.3) 60 (64.5) 

Fairly bad/Very bad  7 (22.6) 6 (22.2) 7 (30.4) 2 (16.7) 22 (23.7) 

General health status      

Excellent/very good 8 (25.8) 14 (51.9) 8 (34.8) 4 (33.3) 34 (36.6) 

Good/fair 23 (74.2) 13 (48.1) 15 (65.2) 8 (66.7) 59 (63.4) 

Job demandsg: Physical work activity, intensity, sedentary time, and sleep duration per 12-hour shift (Mean (SD)) 

Sedentary  7.2 (0.9) 7.3 (1.0) 7.7 (0.9) 7.8 (0.6) 7.4 (0.9) 

Light 4.1 (0.6) 4.3 (0.9) 3.9 (0.5) 3.4 (0.5) 4.1 (0.7) 

Moderate  1.0 (0.7) 0.8 (0.4) 0.7 (0.6) 0.7 (0.2) 0.8 (0.5) 

Vigorous  0 0 0 0 0 

MVPAc 1.0 (0.7) 0.8 (0.4) 0.7 (0.6) 0.7 (0.2) 0.8 (0.6) 

Sitting  2.7 (0.8) 3.3 (1.5) 2.8 (0.8) 3.6 (0.8) 3.0 (1.1) 

Standing  4.5 (0.9) 4.4 (1.0) 4.8 (0.8) 4.4 (0.7) 4.5 (0.9) 

Dynamic standing 3.4 (0.6) 3.6 (0.9) 3.2 (0.8) 2.9 (4.4) 2.8 (0.8) 

Lying (excluding sleeping) 0.2 (0.4) 0.1 (0.1) 0.2 (0.4) 0.2 (0.2) 0.1 (0.3) 

Walking  1.1 (0.4) 1.1 (0.3) 1.0 (0.3) 1.1 (0.4) 1.1 (0.4) 

Running  0  0 0 0 0 

Occupational PAd 9.0 (1.1) 8.3 (1.6) 9.0 (1.1) 8.4 (0.8) 8.9 (1.2) 

Sedentary timee 2.9 (1.0) 3.3 (1.4) 3.0 (0.9) 3.9 (0.8) 3.2 (1.1) 

Sleep 0.5 (0.6) 0.1 (0.2) 0.4 (0.7) 0.2 (0.2) 0.3 (0.5) 

Recoveryg: Leisure time physical activity, intensity, sedentary time, and sleep duration per nonworkday (Mean (SD)) 

Sedentary  19.6 (2.6) 19.3 (2.8) 19.6 (1.8) 19.2 (2.0) 19.5 (2.4) 

Light 3.0 (1.1) 3.1 (1.2) 3.4 (1.3) 3.4 (0.9) 3.2 (1.2) 

Moderate  0.7 (0.5) 0.7 (0.5) 0.8 (0.5) 0.7 (0.3) 0.7 (0.4) 

Vigorous  0 0 0 0 0 

MVPAc 0.7 (0.5) 0.7 (0.5) 0.8 (0.5) 0.7 (0.3) 0.7 (0.4) 

Sitting  7.3 (2.2) 8.6 (2.1) 8.0 (2.2) 6.9 (1.4) 7.8 (2.2) 

Standing  1.8 (0.8) 2.0 (0.8) 2.3 (1.1) 2.4 (1.0) 2.0 (0.9) 

Dynamic standing 2.2 (1.1) 2.2 (1.1) 2.6 (1.3) 2.6 (0.9) 2.3 (1.1) 

Lying (excluding sleeping) 0 0 0 0 0 

Walking  0.7 (0.4) 0.8 (0.5) 0.8 (0.4) 0.9 (0.5) 0.8 (0.4) 
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ICU 

Variables 

ICU1 ICU2 ICU3 ICU4 Total sample 

Running  0  0.0 (0.1) 0.0 (0.1) 0.1 (0.2) 0.0 (0.1) 

Leisure time PAf 2.9 (1.3) 3.0 (1.3) 3.4 (1.5) 3.5 (1.1) 3.2 (1.3) 

Sedentary timee 9.9 (2.2) 10.0 (2.1) 10.0 (2.6) 9.8 (2.1) 9.9 (2.2) 

Sleep 8.9 (2.1) 8.5 (1.8)  8.4 (1.6) 8.3 (1.8) 8.6 (1.8) 
 

Note. aResilience score: ranging from 0 to 100, with higher scores reflecting greater resilience.  
bResilience level: lowest (0-73), low-medium (74-82), high-medium (83-90), and high (91-100) (Connor & Davidson, 2003). 

Of the 93 participants, 55.9% had the lowest levels (0-73), and 29.0% demonstrated low-medium levels (74-82), while only 

5.4% exhibited high resilience levels (91-100), and 9.7% scored at high-medium levels (83-90). 
cMVPA stands for moderate to vigorous physical activity, consisting of moderate-intensity and vigorous-intensity physical 

activity. 
dOccupational PA stands for occupational physical activity, consisting of standing, dynamic standing, walking, and running 

behaviours over two 12-hour shifts. 
eSedentary time comprises the sum of sitting and lying (excluding sleeping) behaviours over two 12-hour shifts or two 

nonworkdays. 
fLeisure time PA stands for leisure time physical activity, consisting of dynamic standing, walking and running behaviours 

over two nonworkdays. 
gThe unit for each variable in the job demands and recovery is hours. 

 

Participants’ mean age was 33.9 (SD = 9.6) years old. ICU1 had the youngest group 

(M = 30.7, SD =  6.4), while ICU2 contained the oldest (M = 38.1, SD = 11.6). Of the 93 

nurses, 72.0% were between 20 and 34 years old, three quarters (73.1%) were female, 

59.1% were unmarried, and 52.7% were religious. Overall, 46.2% of the 93 participants 

identified as being of European ethnicity, 37.6% had one or more family dependents, and 

62.4% attained a postgraduate qualification. It is noted that ICU1 had the highest percentage 

of non-Europeans and nonfamily dependents (71.0% of 31). A majority (86.0%) worked full-

time, 8.6% worked night shifts permanently, 73.1% did night shifts every two weeks, and 

18.3% had monthly rotated night shifts or only worked days. Two-thirds (66.7%) had worked 

more than five years in nursing, while 39.8% had experience in the ICU speciality longer 

than five years. ICU2 employed more experienced nurses than other units, as 51.9% of 27 

ICU2 participants had 11 years or more of nursing experience, and 40.7% had worked in 

ICU over 11 years or more.  

 

5.4.2.2 Health behaviours. 

Eight-five percent of nurses reported exercising one to five times per week, while 

only 6.5% never exercised, and 8.5% did not know or preferred not to answer (Table 10). 
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Almost all (98.9%) participants were nonsmokers, 22.6% did not drink coffee, and 26.9% did 

not consume alcohol. Almost two-thirds (72.0%) of respondents had seven or more hours 

sleep, 86.0% did not use any sleep medication, 76.3% had very good or fairly good sleep 

quality over the last 30 days, and 63.4% stated that their general health status was good or 

fair. Of the four units, ICU1 had the highest percentage of reporting fairly good sleep quality 

over the last 30 days (71.0% of 31 participants) and good or fair general health status 

(74.2% of 31 participants).  

 

5.4.2.3 Physical activity. 

Table 10 shows the participants’ mean physical activity levels per 12-hour shift and 

per nonworkday for each unit and the total sample. The mean level of moderate to vigorous 

physical activity for the 93 participants was .8 (SD = .6) hours at work (per 12-hour shift) 

and .7 (SD = .4) hours in leisure time (per nonworkday). Nurses from ICU1 had the highest 

mean level of moderate to vigorous physical activity at work (M = 1.0, SD = .7), while ICU3 

showed the highest mean level of moderate to vigorous physical activity during leisure time 

(M = .8, SD = .5). The mean level of dynamic standing for the total sample was 2.8 (SD = .8) 

hours per 12-hour shift.  

 

Table 10 also highlights that the average occupational physical activity level (i.e., 

nonsedentary time) was 8.9 (SD = 1.2) hours for the total sample per 12-hour shift, and the 

mean value was similar at each unit. The mean level of leisure time physical activity (per 

nonworkday) was 3.2 (SD = 1.3) hours from the total sample. There was no vigorous-

intensity physical activity measured at any of the units during work hours and during leisure 

time. Mean levels for sedentary time and sleep during leisure time (per nonworkday) were 

9.9 (SD = 2.2) hours and 8.6 (SD = 1.8) hours respectively, while 3.2 (SD = 1.1) hours was 

the mean value for sedentary time and .3 (SD = .5) hours for sleep per 12-hour shift. 
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5.4.3 Main results. 

5.4.3.1 Bivariable analysis. 

Table 11 summaries the results of linear regressions between resilience and the 

independent variables. The table shows that resilience was significantly associated with sex 

(male) (ß = -.3, p = .015, CI [-9.8, -1.1]), marital status (being married) (ß = .3, p = .001, CI 

[2.6, 10.2]), religious beliefs (nonreligiousness) (ß = -.4, p < .001, CI [-11.7, -4.5]), and 

ethnicity (European) (ß = .2, p = .024, CI [.6, 8.4]). It also shows that resilience had an 

association with the job demand behavioural variables as follows: moderate to vigorous 

physical activity (ß = .2, p = .021, CI [.5%, 6.4%]), dynamic standing (ß = .3, p = .010, CI 

[.7%, 4.8%]), and occupational physical activity (ß = .2, p = .047, CI [0, 2.7%]). In addition, 

the table illustrates that sleep (ß = -.2, p = .026, CI [-1.9%, -.1%]), as only one of the 

recovery variables, was related to resilience. 
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Table 11  
 
Associations Between Resilience and Personal/Physical Activity Behavioural Factors 

 Unstandard- 

ised Coefficients B 

Coefficients 

Std. Error  

Standard- 

ised 

Coefficient ß 

t Significant 

p-value 

95% CI  

Age group     

20-34 1.5 2.2 .1 .7 .498 [-2.9, 5.9] 

35+ Reference    .498  

Sex     

Male Reference    .015  

Female -5.4 2.2 -.3 -2.5 .015 [-9.8, -1.1] 

Marital status     

Married 6.4 1.9 .3 3.4 .001 [2.6, 10.2] 

Single Reference    .001  

Religious beliefs     

No -8.1 1.8 -.4 -4.5 < .001 [-11.7, -4.5] 

Yes Reference    < .001  

Ethnicity       

European Reference    .024  

Other  4.5 1.9 .2 2.3 .024 [.6, 8.4] 

Family dependents       

0 3.4 2.0 .2 1.7 .097 [-.6, 7.4] 

1+ Reference      

Highest qualification attained   .544  

Undergraduate  Reference    .097  

Postgraduate  -1.3 2.1 -.1 -.6 .544 [-5.3, 2.8] 

Working part-time or full-time      

Part-time     Reference    .623  

Full-time      1.4 2.9 .1 .5 .623 [-4.2, 7.1] 

Working night shifts       

Permanently Reference    .388  

Every two weeks 3.1 3.6 .1 .9 .393 [-4.0, 10.2] 

Every month / Don’t 

work night shifts 

-4.4% 4.1 -.2% -1.1% .991 [-8.2, 8.1] 

Years of nursing experience     

Less than 2 Reference    .166  

2 to 5 -2.0 3.9 -.1 -.5 .612 [-9.7, 5.7] 

6 to 10 2.2 3.7 .1 .6 .555 [-5.2, 9.7] 

 11+    3.8 3.8 .2 1.0 .320 [-3.7, 11.3] 

Years of ICU nursing experience     
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 Unstandard- 

ised Coefficients B 

Coefficients 

Std. Error  

Standard- 

ised 

Coefficient ß 

t Significant 

p-value 

95% CI  

Under 2 Reference    .457  

2 to 5 -3.2 2.7 -.2 -1.2 .229 [-8.5, 2.1] 

6 to 10 -.9 3.0 -3.9% -.3 .762 [-6.9, 5.1] 

11+    .8 3.1 3.2% .2 .806 [-5.4, 6.7] 

Frequency of physical activities per week     

1-2                 12.3 4.2 .6 2.9 .005 [3.9, 20.7] 

3-4               8.1 4.1 .4 2.0 .052 [-.1, 16.3] 

5+               8.1 4.4 .3 1.8 .070 [-.7, 16.8] 

Never Reference    .062  

Don’t know/I prefer to 

not answer         

7.5 5.0 .2 1.5 .138 [-2.5, 17.5] 

Cups of coffee consumed per day     

None Reference    .526  

1-2 -2.8 2.5 -.1 -1.1 .264 [-7.7, 2.1] 

3+ -1.6 3.0 -.1 -.5 .603 [-7.6, 4.5] 

Frequency of alcohol consumption     

None Reference    .754  

Monthly or less .9 2.5 4.5% .3 .728 [-4.1, 5.8] 

Up to 4 times a month -1.8 2.9 -.1 -.6 .535 [-7.6, 3.9] 

4 or more times a week -1.5 3.8 -4.6% -.4 .692 [-9.0, 6.0] 

Usual sleep duration per 24-hour period     

5-6 Reference    .612  

7+ -2.1 2.4 -.1 -.9 .371 [-6.8, 2.6] 

Don’t know -3.7 5.2 -.1 -.7 .484 [-14.1, 6.3] 

Sleep medication use       

No -.8 2.9 -2.9% -.3 .784 [-6.5, 4.9] 

Yes Reference    .784  

Sleep quality over the last 30 days     

Very good Reference    .395  

Fairly good 4.1 3.1 .2 1.3 .193 [-2.1, 10.4] 

Fairly bad/Very bad 2.5 3.5 .1 .7 .474 [-4.5, 9.6] 

General health status       

Excellent /Very good Reference    .280  

Good / Fair -2.2 2.1 -.1 -1.1 .280 [-6.3, 1.8] 

Job demands during two 12-hour shifts     

MVPAa 3.5% 1.5% .2 2.3 .021 [.5%, 6.4%] 

Dynamic standing 2.8% 1.1% .3 2.6 .010 [.7%, 4.8%] 
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 Unstandard- 

ised Coefficients B 

Coefficients 

Std. Error  

Standard- 

ised 

Coefficient ß 

t Significant 

p-value 

95% CI  

Occupational PAb  1.4% .7% .2 2.0 .047 [0, 2.7%] 

Recovery during two nonworkdays (leisure time)     

MVPA 2.9% 1.9% .2 1.6 .117 [-.8%, 6.6%] 

Leisure time PAc .8% .6% .1 1.3 .193 [-.4%, .9%] 

Sedentary timed .1% .4% 3.8% .4 .717 [-.6%, .9%] 

Sleep -1.0% .4% -.2 -2.3 .026 [-1.9%, -.1%] 

 

Note. The low values from this table (which become zero if rounded to one digit) have been presented as percentages. 

The p-values which are less than .05 are considered statistically significant and indicated in bold. 
aMVPA stands for moderate to vigorous physical activity. PA stands for physical activity. 
bOccupational PA consists of standing, dynamic standing, walking, and running behaviours during two 12-hour shifts. 
cLeisure time PA encompasses dynamic standing, walking, and running behaviours during two nonworkdays. 
dSedentary time includes sitting and lying (excluding sleeping) behaviours over two nonworkdays.  

 

Table 11 shows the change in the outcome (resilience score) was associated with a 

one unit or category change in each predictor. Using “marital status” as an example with 

“single” as the reference group, those classified as “being married” had, on average, 

resilience scores that were 6.4 points higher than those who were single. Similarly, for 

religiosity, compared with those classified in the “nonreligious group”, those classified as 

having religious beliefs had, on average, resilience scores that were 8.1 points higher. Their 

correlation coefficients with resilience for these variables were .3 (being married) and -.4 

(nonreligiousness), indicating that these two predictors have a medium or large significant 

effect on predicting resilience (± .1, ± .3, and ± .5 represent a small, medium, and large 

effect, respectively [Field, 2014]). Similarly, moderate to vigorous physical activity (ß = .2), 

occupational physical activity (ß= .2), dynamic standing (ß = .3) and sleep (ß = -.2) all had a 

medium significant effect on predicting resilience. 

 

5.4.3.2 Multivariable analysis. 

Four assumptions were made before performing the multivariable regression. Firstly, 

resilience had a linear relationship with each independent variable. Secondly, it was 

assumed that residuals of the regression were normally distributed. Thirdly, the independent 

variables were not highly correlated. Lastly, the data should follow a homoscedastic pattern, 

or the variance is equal. 
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Multivariable regression was performed between resilience and the selected 

variables (if p < .100) according to the linear regression results shown in Table 11. These 

multivariable results were observed for the individual variables when all others were held at 

their respective means. These selected variables were sex, marital status, religious beliefs, 

ethnicity, family dependents, frequency of physical activity per week, job demand variables 

(moderate to vigorous physical activity, dynamic standing, and occupational physical 

activity), and a recovery variable (sleep). Multicollinearity between these variables was 

assessed before performing the analysis. Variance inflation factors (VIF) ranged from 1.1 to 

2.5, tolerance (T) ranged from .4 to .9, and correlation coefficients (r) ranged from 0 to .7. 

The results indicated that there was no multicollinearity between these variables (VIF < 10, 

T > .2, and r < .8).  

 

A 7-step multivariable linear regression (with and without ICU as a fixed factor) was 

carried out by removing the variable (with the largest nonsignificant p-value) from the group 

at each step. The final model is summarised in Table 12. Table 12 shows that the significant 

predictors for resilience were marital status (being married) (ß = .2, p = .011, CI [1.1, 8.0]), 

religious beliefs (nonreligiousness) (ß = -.3, p < .001, CI [-10.0, -3.1]), moderate to vigorous 

physical activity over two 12-hour shifts (job demand factor) (ß = .2, p = .021, CI [.5%, 

5.6%]), and sleep during two nonworkdays (recovery factor) (ß = -.2, p = .013, CI [-1.7%, 

-.2%]).  
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Table 12  
 
Summary of the Final Model in Resilience for Multivariable Analysis 

 

Variables 

B Standard 

Error 

Standard-

ised Beta 

t p 95% CI  Collinearity 

Tolerance 

Variance 

Inflation 

Factor 

R2 = 32.5% 

 

        

Marital status 

 

4.6 1.8 .2 2.6 .011 [1.1, 8.0] .9 1.1 

Religious beliefs 

 

-6.5 1.7 -.3 -3.8 < .001 [-10.0, -3.1] .9 1.1 

MVPAa over two 12-hour 

shifts 

3.0% 1.3% .2 2.4 .021 [.5%, 5.6%] .9 1.0 

Sleep during two 

nonworkdays (leisure time) 

-1.0% .4% -.2 -2.5 .013 [-1.7%, -.2%] .9 1.0 

 

Note. The low values from this table (which become zero if rounded to one digit) have been presented as percentages. 

The highlighted p-values < .05 
aMVPA stands for moderate to vigorous physical activity.  

 

The variance inflation factor (VIF), collinearity tolerance (T), and coefficient 

correlations (r) ranged from 1.0 to 1.1 (VIF < 10), .9 to 1.0 (T > .2), and 0 to .4 (r < .8), 

respectively. The range of the absolute standardised ß values was from .2 to .3, suggesting 

that the factor, religious beliefs (ß = -.3), was the most important predictor in the model. The 

value of R2 was 32.5%, indicating these four significant predictors accounted for 32.5% of the 

variation in resilience. There was no association between ICU site and resilience, and adding 

ICU as a fixed factor to the model did not improve the model fit or have an impact on the 

other four predictors. Additionally, independent-samples t tests were performed to compare 

the differences in the mean resilience levels between ICUs, and Table S5 (supporting 

information in Appendix VIII) shows the results. No significant differences in resilience were 

observed between ICUs; thus, no further analysis by units was undertaken. 

 

Table S4 (supporting information in Appendix VIII) shows the mean resilience levels 

for the subgroups of the identified significant demographic factors: marital status and 

religious beliefs. The table highlights that the mean resilience level for the single nurses was 

70.4 (SD = 8.3), lower than that for the married (M = 76.8, SD = 10.1). The mean resilience 

score for nurses who reported having religious beliefs was 76.8 (SD = 9.4), compared with a 

mean score of 68.7 (SD = 7.9) for nurses who reported not having religious beliefs.   
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5.5 Discussion 

This study measured ICU nurses’ resilience levels and the associated personal and 

physical activity behavioural factors across four main ICU sites in Auckland, New Zealand. 

This study is the first to objectively measure nurses’ physical activity utilising a job demands-

recovery framework and to introduce a new concept of dynamic standing as a nursing 

activity behaviour for analysis. Data describe a low resilience level in this study cohort. 

Marital status (being married vs. being single) and religious beliefs (religiousness or 

nonreligiousness) were found to be related to resilience. Within the job demands-recovery 

framework, resilient nurses had higher levels of physical workloads and lower duration of 

sleep in leisure time. Marital status, religious beliefs, moderate to vigorous physical activity at 

work, and sleep during leisure time were associated with resilience in the final multivariable 

model. Sex and ethnicity were no longer associated with resilience after adjustment in this 

final model. Additionally, a test for multiplicity was not performed due to the exploratory 

nature of this study (StatsImprove, 2019). 

 

5.5.1 Resilience and personal factors. 

The study found that nurses, who were married or religious, exhibited higher levels 

of resilience, respectively, compared to the single or nonreligious nurses. This may be 

because married or religious nurses have more social connectedness, as resilience is 

positively related to social support (Yu et al., 2019). The finding is in support of a previous 

study which found that the married nurses reported higher levels of life satisfaction and less 

emotional turmoil (Ang et al., 2018). In contrast, another study concluded that religious 

beliefs did not play a key role in improving nurse resilience (Hsieh, Hung et al., 2016).  

 

Our data support marital status (being married) as a protective factor for resilience. A 

settled partnership may enable a couple to support each other to cope with stress from work 

and daily life, thus improving resilience (Melvin, Gross, Hayat, Jennings, & Campbell, 2012). 

Improved resilience in the context of high-quality marital relationships is reflected in studies 

of highly resilient U.S. soldiers (Melvin et al., 2012) and of Chinese patients with human 
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immunodeficiency virus (HIV) (Huang, Zhang, & Yu, 2018). Indeed, a high-quality marital 

relationship was an essential factor in tolerating stress and increasing personal resilience 

resources (Huang et al., 2018). 

 

Our findings align with previous research where religiosity was positively associated 

with resilience (Choi & Hastings, 2019; Fradelos et al., 2018). Religiousness is often 

regarded as a source of strength for buffering the effects of adversity (Pargament & 

Cummings, 2010). Nurses believing in a God are convinced that their God can provide them 

with shelter or a miracle to deal with stressful work environments (Perera, Pandey, & 

Srivastava, 2018). This religious coping strategy may be accompanied by greater self-

efficacy (Pargament & Cummings, 2010), thus resulting in a higher level of resilience (Yu et 

al., 2019). The religious coping strategy is of particular importance to ICU nurses, as the 

highly stressful ICU work environment may lead them to have irrational beliefs, such as low 

frustration tolerance or condemnation, that negatively contribute to resilience (Pargament & 

Cummings, 2010).  

 

5.5.2 Resilience and job demands-recovery. 

A nursing workload refers to the number of tasks that a nurse performs (Alghamdi, 

2016). Accordingly, in this study, occupational physical activity, moderate to vigorous 

physical activity, and dynamic standing during workdays can all be regarded as a nurse’s 

physical workload (or physical demands). Workload has been shown to directly influence the 

job outcome (Bogaert, Clarke, Willems, & Mondelaers, 2012). Therefore, understanding the 

relationships between resilience and physical demands can help improve a nurse’s ability to 

achieve better work outcomes.  

 

The study found that increased resilience was associated with higher levels of 

occupational physical activity and with moderate to vigorous physical activity at work. The 

findings align with previous research where there was a link between resilience and 

participants’ self-reported physical activity (Hegberg & Tone, 2014; Lines et al., 2020; 

Wermelinger Ávila et al., 2018). The findings indicate that nurses who are able to 
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accommodate a high physical workload may be resilient and corroborates other studies 

(Lanz & Bruk-Lee, 2017; Mealer, Jones, Newman et al., 2012). In previous research, 

resilience appeared to have a mediating role in the relationship between stress and job 

outcomes, and highly resilient nurses had a higher ability to control themselves when faced 

with high workloads (Lanz & Bruk-Lee, 2017). Similarly, negative outcomes from the 

stressful ICU environment had less impact on highly resilient nurses (Mealer, Jones, 

Newman et al., 2012). Nevertheless, future research should be conducted to further identify 

the associations between resilience and physical work activity, and the results would give 

more credence to the current study findings.    

 

Additionally, the positive relationship between resilience and dynamic standing 

indicates that resilient nurses spend a greater proportion of their working time in dynamic 

standing. As dynamic standing is representative of typical nursing tasks, this may be 

indicative of greater productivity at work. However, further research is necessary to explore 

dynamic standing in relation to resilience under ICU clinical settings. 

 

Unexpectedly, the study identified that sleep was the only recovery factor negatively 

associated with resilience. The finding suggests that the nurses who sleep longer may have 

lower resilience levels, or resilient nurses may have a lower sleep duration. The finding is in 

line with the conclusion from a previous longitudinal study that surveyed 903 Chinese 

students from 16 universities and colleges in Hong Kong and Macau (Wong et al., 2013). 

The study found that sleep duration and quality had a direct impact on the satisfaction of 

physical well-being and indirect (via mood) effect of psychological health (Wong et al., 2013). 

However, this finding is not supported by the current study which found that sleep quality 

was not related to nurses’ resilience according to the online survey results. There may be 

more underlying factors related to this current finding that sleep during leisure time was 

associated with resilience. Therefore, further research is required to understand the 

relationship between resilience and sleep recovery for ICU nurses. 

 

5.5.3 Strengths and limitations. 
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This study has a number of strengths, which include the objective measurement of 

physical activity, use of the job demands-resources theory to drive analyses, comparatively 

high participation rate, and use of established survey measures. It also takes a 

comprehensive approach to understanding resilience in a unique workforce. Moreover, a 

high compliance rate (87.7%) of accelerometer wear highly strengthens this study. 

  

However, this study is not without its limitations; its cross-sectional nature means 

causality cannot be determined. Larger multi-centre studies are warranted to corroborate 

findings presented here. Additionally, the resilience scale used is from a self-reported 

questionnaire, so the results may have been affected by the participants’ interests and time 

period available in which to answer the questions. However, objectively measured physical 

activity data minimises bias in reporting physical job demands.  

 

The participants’ recollection, personal interests, and social desirability were the 

primary potential sources of bias in this study. Some participants may have overreported 

their health behaviours when answering the online survey. For example, they may have 

overestimated or underestimated their frequency of physical activity per week, sleep hours, 

sleep quality during the past month, or health status. Some participants may not have 

answered the questions carefully during the resilience assessment. Additionally, some 

participants may have filed inaccurate reports while wearing accelerometers. To reduce the 

potential sources of bias, the researcher arranged a generous time period for participants to 

answer the online survey and reiterated that the success of the study depended on the 

accuracy of the information from them. 

 

The study offered a $200 in NZ dollars prize draw to each unit as well as a 4-day 

activity graph to each participant, and these may have stimulated the ICU nurses’ interest in 

participation. It is possible that some reactivity may have occurred in response to the 

research; however, participants were encouraged to undertake their usual physical activities. 

Nonetheless, changes to usual behaviours may have occurred during the testing period. 

 



                                                                                                         Chapter 5: Study 1  

 116 

The results may also have been affected by the number of days the participants 

worked or had off prior to the day when their accelerometers were fitted. Most nurses from 

the research sites are shift workers with randomly assigned rosters. Some working full-time 

may have three or four 12-hour shifts within a week but may only be required to do two 12-

hour shifts the following week. The study was thus designed to require the participants to 

wear a pair of accelerometer over four consecutive days (two workdays followed by two 

nonworkdays) to maximise recording of their work and leisure time physical activity. During a 

testing week, some participants had three or four 12-hour consecutive shifts, while others 

only worked two continuous 12-hour shifts. Therefore, those who worked one or two 12-hour 

shift(s) already before their accelerometers were fitted were not as refreshed as someone 

who had their accelerometers fitted on their first day back at work after a few days off.  

 

Furthermore, the results may have been affected by the participants’ workload, as 

some of them might not have had an ICU patient to care for while wearing the 

accelerometers. Extending the time that the accelerometers are worn to seven days instead 

of four may have provided more reliable assessments of job demands. However, the 

protocol for two workdays followed by two nonworkdays was chosen to minimise participant 

variability of job demands and recovery periods.  

 

Some participants reported itchiness on the skin areas where the accelerometers 

were fitted, while some found it difficult to sleep while wearing these devices. Therefore, they 

removed the accelerometers and reaffixed them when they felt comfortable. However, some 

of these participants were excluded when their nonwear times exceeded 104.4 minutes, and 

this may have also affected the participation rate in this study (although noting no significant 

differences in key variables between those included and excluded were found). Finally, the 

generalisability of this study is limited due to the ICU-based participants, as the ICU clinical 

setting is different from other nursing roles. Further research with nurses working in non-ICU 

areas, or with the ICU nurses from the same research sites at a later date, may improve the 

external validity of the study.  
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5.6 Conclusions 

The low level of nurse resilience in this study indicates that it is necessary to develop 

resilience training programs. Married or religious nurses were found to have higher levels of 

resilience, compared to singles or nonreligious nurses. Increased resilience was found to be 

related to higher levels of nurses’ occupational physical activity, moderate to vigorous 

physical activity, and dynamic standing for job demands, but it was associated with less 

sleep duration in leisure time for recovery. Marital status (being married), religiosity (having 

religious beliefs), and moderate to vigorous physical activity at work were protective factors 

in predicting resilience, while sleep on nonworkdays was negatively associated with 

resilience. The findings also suggest that highly resilient nurses have a greater ability to 

accommodate a substantial amount of physical activity at work and require less sleep 

duration during leisure time for recovery. Future research with a larger sample size is 

needed to further analyse the associations between nurse resilience and physical activity at 

work and during leisure time.  

 

5.7 Relevance to Clinical Practice 

The findings may help managers gain a better understanding of the ICU nurses’ 

characteristics associated with resilience, leading them to develop strategies to improve ICU 

nurse resilience. For example, setting up a network, such as a social club or website, for ICU 

nurses may increase their social connectedness preventing them from developing mental 

health problems like depression (Santini, Koyanagi, Tyrovolas, Mason, & Haro, 2015). 

Mindfulness and self-compassion training accompanied with positive religious coping 

strategies, such as spiritual connectedness, meditation, or praying may also help increase 

nurse resilience (Perera et al., 2018).  

 

The findings imply that enhancing resilience is vital for ICU nurses to tolerate their 

physical job demands. Therefore, it is imperative to develop resilience training programs and 

workplace support for ICU nurses. Previous studies have shown that mindfulness-based 

stress reduction, event-triggered counselling sessions, and exercise are effective for 
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improving resilience (Mealer et al., 2014). Mindfulness-based stress reduction techniques 

such as yoga or meditation can be taught to maintain or improve resilience levels. 

Combining experienced nurses with new staff members in event-triggered debriefing 

sessions can be utilised to promote resilience. Exercise programmes, tailored to meet 

personal interests, can be delivered by mobile phone, email, or website. For example, a self-

care poster campaign along with personalised physical activity feedback could be used to 

encourage nurses to interact with colleagues, set personal goals, and self-monitor progress 

(Raney & Zanten, 2019). Additionally, several sessions of progressive muscle relaxation 

combined with music could be offered to ICU nurses to help reduce their stress and fatigue 

levels, thus improving resilience (Ozgundondu & Metin, 2019). Overall, all these strategies 

may help ICU nurses increase their resilience levels, thus accommodating high physical 

workload and enhancing well-being. Developed strategies may assist nurses to maintain a 

healthy profile and improve patient quality of care. 
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Preface to Chapter 6 

 

In Chapter 5 (Study 1), ICU nurses’ resilience and associations with 

sociodemographic factors, health behaviours, and physical activity were explored. The 

results identified that resilience was related to marital status, religiousness, physical job 

demands (occupational physical activity, dynamic standing, and moderate to vigorous 

physical activity), and sleep (as recovery) during leisure time. These findings raised 

further questions about ICU nurses’ physical workload: What are the characteristics of 

ICU nurses’ physical workload? Do ICU nurses experience a high level of physical 

workload? Are there any particular patterns to their physical activity behaviours during a 

specific period? What is the difference in physical activity between a day shift and a night 

shift? Do the investigated four units have different physical work activity levels? If so, 

what are the factors related to the differences? These questions caused the researcher to 

become interested in analysing ICU nurses’ physical work activity patterns to understand 

their physical job demands during a 12-hour shift. Therefore, Study 2 was developed and 

is presented in the next chapter.     
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Chapter 6: Study 2 

 

Article: Describing objectively measured intensive care nurses’ 

physical work activity behavioural patterns  

during a 12-hour shift 

 

This manuscript (Study 2) was published in the Journal of Clinical Nursing in 

2020. This study identified and described nurses’ physical activity behavioural patterns 

during a 12-hour shift in ICUs. It used the data on nurses’ physical activity during their 

first workday (a 12-hour shift), extracted from the 4-day accelerometer records (two 

workdays followed by two nonworkdays) collated in Study 1. It was anticipated that the 

results from Study 2 would provide managers with evidence about ICU nurses’ physical 

workloads through the course of a 12-hour shift.  

 

The following article is cited as: 

Yu, F., Narayanan, A., Mackay, L., Ward, K., King, A., & Smith, M. (2020). Describing 

objectively measured intensive care nurses' physical work activity behavioural patterns 

during a 12-hour shift. Journal of Clinical Nursing, 29, 4331-4342. doi: 

10.1111/jocn.15470 

 

The paper is reproduced here in its entirety with permission (Appendix IX) from 

the Journal of Clinical Nursing (Impact factor 1.93; H-index 87; Rank 6189; SCImago 

Journal Rank 0.786) (resurchify, 2020b).   

  



                                                                                                         Chapter 6: Study 2  

 121 

Abstract 

Aim and objectives: The study aimed to describe ICU nurses’ physical work activity 

behavioural patterns over 12 hours using dual accelerometry, following a job demands-

recovery framework. 

 

Background: Limited studies utilised accelerometry to objectively analyse nurses’ physical 

workloads. Little is known about intensive care nurses’ physical activity patterns during a 

12-hour shift. 

 

Design: A cross-sectional study was conducted with intensive care nurses from four units 

in Auckland, New Zealand. 

 

Methods: Each participant wore two Axivity AX3 accelerometers to measure physical 

activity during a 12-hour day or night shift. An online survey captured participants’ 

demographic information. R software (version 3.6.1) and SPSS version 26 were utilised 

for data analysis.  

   

Results: A total of 102 nurses were included in this study. A high level of light intensity 

activity behaviours (standing, dynamic standing, and walking) was observed throughout 

the day shifts, with no higher intensity behaviours identified. Activity levels were highest at 

the beginning of shifts and followed a consistent pattern, with an additional peak around 

midday for day shifts and at the end of the shift for night shifts. Observable differences 

were seen between day and night shifts with a greater prevalence of sitting and lying 

during night shifts. Standing, dynamic standing, sitting, lying, and walking were significant 

factors in the differences of the physical work behaviours between the day shift nurses 

and the night shift nurses. Significant differences in dynamic standing and lying were 

found between ICUs. 
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Conclusions: Intensive care nurses’ physical work activity involved a large amount of 

standing and dynamic standing during a 12-hour shift. The overall physical workload 

during a 12-hour day shift was significantly higher than that during a 12-hour night shift.  

 

Relevance to clinical practice: Results may help managers attain a better understanding 

of nurses’ physical workloads during a 12-hour shift.  

 

What does this paper contribute to the wider global clinical community?  

Impact statement: 

• Dynamic standing is a novel approach identified in this study to describe ICU nurses’ 

physical workloads. The high levels of standing and dynamic standing occurred at 

these specific times during a 12-hour day shift (7:00-9:00, 10:00-12:00, and 14:00-

19:00) and a 12-hour night shift (19:00-21:00, 22:00-24:00, and 05:00 to 07:00). 

• ICU nursing involves a large amount of standing and dynamic standing, accounting for 

70% of the overall physical workload during a 12-hour day shift and 60% of the total 

physical workload during a 12-hour night shift. 

• The level of physical job demands (standing, dynamic standing, and walking) 

remained elevated during 12-hour shifts. However, the recovery level (sitting and 

lying) was lower during the day when compared to the night shift. 
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6.1 Introduction 

6.1.1 Background. 

A healthy workplace is defined as one where workers and managers work 

together to protect, promote, and support workers’ health, safety, and well-being (World 

Health Organisation, 2010). Healthy workplace promotion is particularly important to 

nurses, as an improved work environment is associated with reduced patient mortality 

(Kelly, Kutney-Lee, McHugh, Sloane, & Aiken, 2014). A healthy workplace can enrich 

nurse performance, increase job satisfaction, reduce turnover, and help retain nurses in 

the workforce, which may have a positive influence on patient outcomes (Nelson-

Brantley, Park, & Bergquist-Beringer, 2018). It can also help increase nurses’ resilience, 

thus attenuating the effects of work adversity and enhancing their health and well-being 

(Mealer, Jones, Newman et al., 2012). Individuals with high levels of resilience can 

tolerate increased job demands and adapt better to their work environments (Ceschi et 

al., 2017).    

 

The job demands-resources model addresses the importance of developing a 

healthy workplace by categorising risk factors in association with job stress into two 

groups: job demands and job resources. Job demands refer to work-related costs, 

associated with physical and psychological factors, which result in energy exhaustion and 

negative health outcomes (Bakker & Demerouti, 2007). Conversely, job resources refer to 

the resources that can fulfil employees’ needs, motivate them to achieve their work goals, 

and foster their professional development (Bakker & Demerouti, 2007). Evidence 

suggests that reducing nurses’ physical job demands could be a useful strategy for 

promoting a healthier workplace under intensive care clinical settings (Carayon & Gürses, 

2005). Yet, we have previously demonstrated significant positive cross-sectional 

associations between physical job demands and resilience in ICU nurses (Yu et al., 

2020). Moreover, it is possible that there is an optimal work demand-recovery threshold, 

or a pattern of physical work activity and recovery throughout the course of a shift that is 
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important to understand. These findings suggest a need to understand job activity and 

recovery patterns of ICU nurses across the time course of a shift. 

 

6.1.2 Intensive care nurses’ physical job demands and 

measurement. 

A range of studies have used objective measurements to describe nurse physical 

activity during work hours (Hajo et al., 2020; Reed, Prince et al., 2018; Schall Jr, Fethke, 

& Chen, 2016), in leisure time (Loef et al., 2018; Reed, Cole et al., 2018), and specifically 

in ICU clinical settings (Kwiecień-Jaguś, Mędrzycka-Da ̨browska, Czyz-Szypenbeil, 

Lewandowska, & Ozga, 2019). The measurements for identifying ICU nurse physical 

work activity have included time-motion analysis utilising an e-ICU technology (Tang, 

Mazabob, Weavind, Thomas, & Johnson, 2006), a video-based method (Fiedler, Weir, 

van Wyk, & Andrews, 2012), time-tracking software (called Togg) (de Campos, de 

Oliveira, & Perroca, 2018), and pedometers (Kwiecień-Jaguś et al., 2019). 

 

Cumulatively, this body of research has shown that ICU nurses spent the majority 

of their time in standing and walking behaviours while performing nursing tasks (de 

Campos et al., 2018; Fiedler et al., 2012; Tang et al., 2006). However, the study by 

Kwiecień-Jaguś et al. (2019) concluded that nurses’ professional physical activity during a 

12-hour shift did not reach 10,000 steps per day, as recommended by the World Health 

Organisation (Kwiecień-Jaguś et al., 2019). Previous studies also found that nurses’ 

physical workloads varied between different types of shifts (Debergh et al., 2012; 

Nicoletti, Spengler, & Läubli, 2014). 

 

To date, no study has described ICU nurses’ physical activity behavioural 

patterns across a 12-hour shift period. For example, whether there are any patterns of 

standing, walking, or sitting when delivering nursing care through the time course of their 

shifts, and whether these activity patterns differ between shift types (e.g., day or night 

shift). To determine these patterns, it is necessary to objectively assess ICU nurses’ 

physical work activity behaviours during a day shift and/or a night shift using a tool 
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capable of collecting time-stamped data. Understanding ICU nurses’ physical job 

demands across a 12-hour shift period can help managers and workplaces provide better 

support to nurses in promoting a healthy workplace to maintain a high quality of patient 

care.  

 

Intensive care nursing in New Zealand is significantly different from working in the 

general wards, such as respiratory or orthopaedic wards. The patient-to-nurse ratio in 

ICU is generally one to one, and nurses normally work in their patients’ bed space. Basic 

nursing supplies and medications are in the patients’ bed space or nearby. Therefore, 

ICU nurses do not need to walk as much as the general ward nurses do. As such, a novel 

approach to characterising activity specific to ICU nursing, dynamic standing, has been 

employed.  

 

Dynamic standing refers to a standing posture with slight movements, and this 

physical activity behaviour typically reflects the characteristics of ICU nursing physical 

tasks (Yu, Cavadino et al., 2020). Dynamic standing can often be observed when nurses 

perform tasks such as oral care, bed baths, medication preparation, and equipment set 

up in the patients’ bed space. Standing means “standing still” with no or negligible body 

movements, and it can often be seen in ICU nursing while taking observations. 

Technically, these behaviours can be differentiated and classified by using dual 

accelerometry. Accelerometry allows researchers to use time-stamped data and machine 

learning algorithms to accurately predict the participants’ movement components such as 

sitting, standing, dynamic standing, walking, lying, and running, in 5-second epochs 

(Narayanan et al., 2020). Therefore, this system provides a novel methodology for 

objectively identifying and describing nurses’ physical activity patterns throughout a 12-

hour shift in the ICU work environment. 

 

Accordingly, this study aims to measure, describe, and analyse ICU nurses’ 

physical work activity behavioural patterns over 12-hour shifts using a dual accelerometer 

system, following a job demands-recovery framework. Further objectives are to 
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determine: (a) differences in nurses’ physical activity behavioural patterns between a 12-

hour day shift and a 12-hour night shift, and (b) differences in physical work activity 

between the four investigated ICUs. The results can be used to help managers and 

organisations have a better understanding of ICU nurses’ job demands and recovery, 

such as physical work activity, workloads at specific time periods, rest periods, and 

nursing task allocation during a 12-hour day or night shift. 

 

6.2 Methods  

6.2.1 Study design. 

The STROBE guidelines (von Elm et al., 2007) for reporting “Describing 

objectively measured intensive care nurses’ physical work activity behavioural patterns 

during a 12-hour shift” was followed (Supplementary File 2 in Appendix IX). This was a 

cross-sectional study conducted in three large hospitals between May and October 2019. 

Ethics approval was obtained from the host institution ethics committee and the 

participating hospitals. Informed consent to participate in the study was provided by ICU 

managers and individual nurse participants.  

 

There were four ICUs from the three studied hospitals, and they were named 

ICU1, ICU2, ICU3, and ICU4. ICU1 and ICU2 are from one hospital, while ICU3 and ICU4 

are from different hospitals. The three large hospitals are all publicly funded and serve 

children’s health, maternity, and adults with medical and surgical conditions. The largest 

hospital, which houses ICU1 and ICU2, has over 1,000 beds. The hospital, containing 

ICU3, has over 800 beds, while the remaining hospital with ICU4 has over 600 beds. 

Though ICU1 and ICU2 are from the same hospital, they have different nursing expertise 

and work environments. ICU1 has a total of 20 beds (including six high dependency unit 

[HDU] beds), where nurses provide care for adult patients following heart, lung, and blood 

vessel surgery. ICU2 has 24 beds (including seven HDU beds), and its specialised areas 

include organ transplantation (liver, kidneys, and pancreas) and brain surgery. There are 

24 beds in ICU3 including four paediatric beds and seven HDU beds where nurses are 
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specially trained for caring for patients with burns or spinal and pelvic trauma. ICU4 has 

14 beds (including eight HDU beds) and admits patients with life-threatening conditions, 

excluding those patients who require specialised treatment offered by ICU1, ICU2, or 

ICU3. Taking each ICU’s characteristics into account, this study determined to analyse 

the data from every ICU individually instead of collectively from the three studied 

hospitals.    

 

Following the job demands-resources model (Bakker & Demerouti, 2007), a 

study-specific framework of job demands-recovery was developed and utilised throughout 

this study (Figure 13). The framework proposes that nurses’ physical work activity 

behaviours, such as standing, dynamic standing, and walking, can be considered as 

physical job demands. In contrast, their sedentary behaviours, such as sitting and lying at 

work, can be regarded as recovery. The framework hypothesises that increased physical 

work activities can reduce nurses’ personal resources, thus depleting their energy and 

possibly resulting in a breakdown leading to health impairment. Sufficient recuperation 

can help improve nurses’ recovery from high job demands and enhance their work 

performance. 
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Figure 13. A Developed Study-Specific Framework of Job Demands-Recovery for Study 2 

 
Figure 13. Adapted from “The Job Demands-Resources Model: State of the Art,” by A. B. Bakker and E. 

Demerouti, 2007, Journal of Managerial Psychology, 22(3), p. 313. Copyright 2007 by Emerald Publishing 

Limited. 
 

The study required participants to wear a pair of accelerometers for at least one 

12-hour shift. It included ICU nurses who had a patient workload and worked at least 32 

hours fortnightly but excluded nurses allergic to Elastoplast medical dressings. The study 

also excluded any participants who left work before 7 p.m. on a 12-hour day shift or 7 

a.m. on a 12-hour night shift during the 12-hour testing period.   

 

6.2.2 Measures. 

Dual accelerometry was used to measure and classify postures (sitting, lying, 

standing, dynamic standing, walking, and running). Each participant was issued with a 

pair of Axivity AX3 accelerometers and instructed to wear for four consecutive days (two 

workdays followed by two nonworkdays). For this study, data were extracted only for the 

first recorded 12-hour shift period from the four days. Therefore, participants were 

required to wear the accelerometers for at least 12 consecutive hours and given a unique 
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numerical code to match their collated data. An accelerometer was affixed to each 

participant’s thigh, while another was attached to their lower back (offset from the spine), 

using hypoallergenic medical dressings (Figure 14). The accelerometers were affixed to 

participants before they started their 12-hour day or night shifts, and their physical work 

activity data were collated from the day shift (07:00-19:00) and the night shift (19:00-

07:00). An Axivity AX3 has a 3-axis accelerometer, measures 23.0 mm (width) x 32.5 mm 

(length) x 7.6 mm (height), weighs 11.0 g, contains a real-time clock, and has 512.0 MB 

of flash-based on-board memory (Figure 14).  

 

Figure 14. Accelerometers' Fitting Positions on Each Participant 

 

 

 

An online survey was also conducted to collate participants’ demographic 

information. The information collected included age, sex, number of family dependents, 

part-time or full-time working, frequency of night shift working, and general health status. 

These factors were selected based on a literature review (Wilkerson, Thomas, & Nahar, 

2019) and the research results (Jun et al., 2019; McCarthy et al., 2018) with regard to 

sociodemographic factors associated with physical activity.   
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6.2.3 Statistical analysis. 

Using MATLAB (release 2017b, The MathWorks, Inc., MA, USA) and R software 

(version 3.6.1), the raw data from the Axivity AX3 accelerometers were processed into 5-

second epochs and classified into six types of physical postures (lying, sitting, standing, 

dynamic standing, walking, and running). A detailed description of the processing 

methodology can be found elsewhere (Narayanan et al., 2020). R software (version 3.6.1) 

was also utilised for data summarisation, and the ggplot package was employed to 

produce time-series graphs of physical activity patterns. Any type of movement that 

lasted five seconds or more (an epoch = 5 seconds) was included in the time-series data 

for analysis. SPSS (version 26) was also utilised for statistical data analysis. Shapiro-Wilk 

and histograms were performed to test the normality of independent variables. To identify 

the differences of physical activity behaviours between two samples, independent-

samples t test and nonparametric tests (Mann-Whitney U test) were utilised for the 

variables with symmetric and asymmetric distributions, respectively. Cohen’s d was 

calculated to identify the effect size when comparing the two samples. The level of 

significance for this study was set at a p-value < .05. 

 

6.3 Results 

6.3.1 Participants. 

Figure 15 shows the detailed workflow of participant recruitment. A total of 483 

nurses from four ICU units (named as ICU1, ICU2, ICU3, and ICU4) were informed about 

this study. Of these, 374 ICU nurses were eligible, and of those, 132 provided informed 

consent (response rate of 35.3%). Of the 132 participants, 107 wore the accelerometers 

and completed the online survey, while the remaining 25 were excluded from the study 

due to injuries (n = 3), personal reasons (n = 7), or inconvenient shift schedules (n = 15). 

A further five of the 107 participants were also excluded from the study due to having 

insufficient work hours recorded (n = 4) and a faulty accelerometer (n = 1), resulting in 

102 participants who were then included in the data analysis. During the 12-hour 

accelerometer recording period (the first workday of four consecutive days), 52 nurses 



                                                                                                         Chapter 6: Study 2  

 131 

worked on a 12-hour day shift, while the remaining 50 completed a 12-hour night shift. Of 

the 102 selected nurses, 36 were from ICU1, 30 worked in ICU2, while ICU3 and ICU4 

had 23 and 13 nurses, respectively.  

 

Figure 15. A Flow Chart for Participants' Inclusion and Exclusion Process 

 

 

6.3.2 Sample description. 

The characteristics of the sample are described in Table 13. In the total sample 

(N = 102), participants’ mean age was 33.4 (SD = 9.2) years, their ages ranged from 21 

to 58 years, and the majority were female. More than half had no family dependents, and 

those remaining had at least one child or more. Most participants worked full-time and did 
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night shifts every two weeks. More than two-thirds ranked their general health status as 

good or fair, and the remainder described their health status as excellent or very good. 

 

Table 13  
 

Demographics for the 102 Participants and Each Unit (N (%)) 
Demographic factors   ICU1 

(n = 36) 
ICU2 
(n = 30) 

ICU3 
(n = 23) 

ICU4 
(n = 13) 

Total sample 
(N = 102) 
 

Age Mean (SD)                         30.6 (6.1) 
 

36.7 (11.1) 33.2 (9.0) 33.9 (10.4) 33.4 (9.2) 

Sex Male 12 (33.3) 
 

8 (26.7) 6 (26.1) 2 (15.4) 28 (27.5) 

Female 24 (66.7) 
 

22 (73.3) 17 (73.9) 11 (84.6) 74 (72.5) 

Family 
dependents 

0 25 (69.4) 
 

18 (60.0) 13 (56.5) 8 (61.5) 64 (62.7) 

1+ 11 (30.6) 
 

12 (40.0) 10 (43.5) 5 (38.5) 38 (37.3) 

Working 
part-time or 
full-time 
 

Part-time     
 

1 (2.8) 7 (23.3) 3 (13.0) 1 (7.7) 12 (11.8) 

Full-time      
 

35 (97.2) 23 (76.7) 20 (87.0) 12 (92.3) 90 (88.2) 

Working 
night shifts 

Permanently 4 (11.1) 
 

5 (16.7) 1 (4.3) 0 10 (9.8) 

Every two weeks 28 (77.8) 
 

19 (63.3) 14 (60.9) 13 (100) 74 (72.5) 

Every month/  
Don’t work night shifts 

4 (11.1) 6 (20.0) 8 (34.8) 0 18 (17.6) 

General 
health status 

Excellent / 
 Very good 

10 (27.8) 14 (46.7) 8 (34.8) 4 (30.8) 36 (35.3) 

Good / Fair 26 (7.2) 
 

16 (53.3) 15 (65.2) 9 (69.2) 66 (64.7) 

 

 

The mean levels of physical activity behaviours for the total sample and each unit 

are presented in Table 14. In the total sample, the overall physical activity mainly 

consisted of standing (M = 266.4, SD = 48.2) and dynamic standing (M = 198.2, SD = 

48.0). ICU1 had the shortest sitting time (M = 154.3, SD = 54.5) yet had the longest lying 

period (M = 33.6, SD = 39.9). ICU2 had the highest mean level of dynamic standing (M = 

215.6, SD = 56.1), the lowest mean level of standing (M = 258.9, SD = 49.7), and the 

shortest lying time (M = 8.3, SD = 20.1). ICU3 had the highest mean level of standing (M 

= 279.2, SD = 43.1) and the lowest mean level of walking (M = 59.4, SD = 22.3). The 

highest mean level of sitting (M = 192.9, SD = 64.8) and the lowest mean level of 

dynamic standing (M = 179.0, SD = 34.2) were in ICU4, which also had the highest mean 

level of walking (M = 67.4, SD = 28.1).  
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Table 14 
  
Mean Levels of Physical Activity for the 102 Participants and Each Unit  

Physical activity 

behavioural patterns 

Mean (SD) minutes 

 ICU1 

(n = 36) 

ICU2 

(n = 30) 

ICU3 

(n = 23) 

ICU4 

(n = 13) 

Total sample 

(N = 102) 

Sitting  

 

154.3 (54.5) 170.5 (69.0) 170.3 (56.2) 192.9 (64.8) 167.5 (61.1) 

Lying  

 

33.6 (39.9) 8.3 (20.1) 30.8 (42.8) 18.2 (21.2) 23.6 (35.2) 

Standing 

 

265.6 (51.5) 258.9 (49.7) 279.2 (43.1) 262.9 (44.3) 266.4 (48.2) 

Dynamic standing 

 

202.2 (43.9) 215.6 (56.1) 180.4 (41.7) 179.0 (34.2) 198.2 (48.0) 

Walking 

 

64.4 (29.7) 66.7 (23.5) 59.4 (22.3) 67.4 (28.1) 64.3 (26.0) 

 

 

6.3.3 Behavioural patterns of physical work activity. 

ICU nurses’ overall physical activity behavioural patterns over 12-hour shifts were 

identified as sitting, lying, standing, dynamic standing, and walking. The graphs in Figure 

16 show the trends for 102 nurses’ physical work activity behaviours during a 12-hour day 

shift and a 12-hour night shift. Figure S3 (supporting information in Appendix IX) shows 

the trend lines, while Table S6 (supporting information in Appendix IX) demonstrates the 

average number and percentages of these nurses’ behaviours every 15 minutes over a 

12-hour day and night shift.  
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Figure 16. Trends for the 102 ICU Nurses' Physical Work Activity Behaviours Over a 12-Hour Day and Night Shift 
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6.3.3.1 Job demands. 

6.3.3.1.1 Standing. 

Figure 16 shows the trend for nurses’ standing behaviour over a 12-hour day and 

night shift. The level of standing behaviour was high (60.3% at 07:30) at the beginning of 

the shift and decreased, and then increased quickly (36.2% at 09:30; 46.3% at 11:00) 

throughout the morning. Less than one third of nurses were characterised as standing at 

lunchtime (29.8% at 13:00) and thereafter remained reasonably stable until the end of the 

day shift (32.2%-41.7% between 14:00 and 19:00). It is noted that standing was the most 

common behaviour throughout the 12-hour day shift. 

  

During the 12-hour night shift, the hours between 19:00 and 24:00 showed a 

similar standing behavioural pattern to that of the day shift hours between 07:00 and 

12:00. The highest peak was at 19:30 (57.2%), followed by a trough at 22:00 (30.2%) and 

then the second-highest peak at 23:00 (40.4%). However, the level of standing behaviour 

was low between 01:00 and 05:00 (19.0%-31.6%) then climbed to a peak around 06:00 

(44.8%). 

 

6.3.3.1.2 Dynamic standing. 

Figure 16 shows a series of peaks and troughs in dynamic standing from 07:00 to 

13:00 and then a relatively stable trend throughout the day shift. During the night shift, the 

trend remained high between 19:00 and 21:30, gradually decreasing between 22:00 and 

01:00 (the next morning), remaining low over the next four hours (01:00 to 05:00), before 

finally climbing to peak around 06:00.  

 

More than one third of the day shift nurses exhibited dynamic standing from 07:30 

to 08:45 (34.8%-36.9%) and from 10:30 to 12:15 (32.9%-37.3%). For the remainder of the 

day shift, approximately one quarter (25.7%) and one third (32.2%) of nurses recorded 

dynamic standing. During the night shift, increased amounts of dynamic standing were 

from 19:30 to 21:30 (30.0%-37.4%) and from 05:45 to 06:30 (30.6%-34.3%). Between 
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01:00 and 05:00, only up to one fifth of nurses (15.1%-21.6%) carried out dynamic 

standing, while between 05:00 and 07:00, approximately one quarter (24.2%) and one 

third (34.3%) of nurses recorded dynamic standing.  

 

6.3.3.1.3 Walking. 

The trend for walking in Figure 16 is almost flat, indicating that only a small 

proportion (around 10.0%) of nurses recorded walking behaviour during a 12-hour day or 

night shift at any point in time. In detail, 5.8%-12.8% of 52 nurses walked during the day 

shift, while less walked during the night shift (4.4%-11.6% of 50 nurses). Notably, 

between 01:00 and 05:00, only 7.2% or less of the night duty nurses walked while 

providing nursing care. 

 

6.3.3.2 Recovery. 

6.3.3.2.1 Sitting. 

Figure 16 shows a cyclical pattern for sitting behaviour over the shift duration. 

The highest peak was observed at the beginning of the shift (38.5% at 07:00), followed by 

a rapid decrease of between 07:15 and 09:00 (5.1%-12.4% of 52 nurses). Another peak 

occurred at 10:00 (28.5% of 52 nurses) which dropped back between 10:30 and 12:00 

(10.0%-13.4% of 52 nurses). The second-highest spike was around 13:00 (36.6% of 52 

nurses), and then a series of peaks and troughs continued alternately almost hourly until 

the end of the day shift (19.6%-31.7% of 52 nurses). Sitting behaviours between 19:00 

and 22:00 during the 12-hour night shift had a similar pattern to those recorded between 

07:00 and 10:00 during the 12-hour day shift. However, the sitting behaviours peaked 

between 00:30 and 04:30 (24.7%-40.7% of 50 nurses) during the night shift. 

 

6.3.3.2.2 Lying. 

Lying behaviour was negligible during the 12-hour day shift (Figure 16) but 

became more apparent between 00:30 and 05:30 during the 12-hour night shift. Its 
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highest peak on the chart was around 03:45, indicating that 20.7% of 50 nurses were 

recorded in the lying position. From 01:00 to 05:00, the percentage of nurses reported as 

lying was between 11.9% and 20.7%.   

 

6.3.4 Mean levels of day and night shift physical 

activity.  

Table 15 describes the measured mean levels and percentages for the total 

physical work activity of 52 nurses working on a 12-hour day shift and 50 nurses working 

on a 12-hour night shift, respectively. The mean level for sitting during the day accounted 

for 20.8% of the overall day shift physical work activity. Compared with the day shift, the 

night shift had a higher level of sitting behaviour, accounting for 25.8% of the overall night 

shift physical job demands. Night shift nurses recorded longer lying periods (M = 45.7, SD 

= 38.8) than nurses working on a day shift (M = 2.2, SD = 8.2).  

 

Table 15  

 
Measured Physical Activity and Comparisons Between a 12-Hour Day and a 12-Hour Night Shift 

 Job demands 

 
Recovery 

Physical activity patterns Standing Dynamic 

 standing 

Walking Sitting Lying 

Day shift Mean (SD) level 278.7 (49.7) 218.0 (47.1) 71.2 (25.8) 149.8 (55.3) 2.2 (8.2) 

Minimum level 122.9 122.9 20.9 61.2 0 

Maximum level 382.6 328.6 140.7 297.6 54.2 

% of overall PA 38.7% 30.3% 9.9% 20.8% .3% 

Night shift Mean (SD) level 253.6 (43.5) 177.7 (39.9) 57.1 (24.4) 185.9 (61.9) 45.7 (38.8) 

Minimum level 147.3 105.6 3.9 31.4 0 

Maximum level 323.8 290.7 118.4 336.7 121.1 

% of overall PA 35.2% 24.7% 7.9% 25.8% 6.3% 

p-values .008 < .001 .005 .002 < .001 
 

Note. The unit for physical activity pattern variables is minutes. Nonsignificant results are not reported. 

Abbreviation: PA, physical activity.            
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Standing and dynamic standing were the main components of physical activity 

behaviours during the day shift, respectively, accounting for 38.7% and 30.3% of the total 

physical activity during the day shift. Similarly, during the night shift, standing and 

dynamic standing also composed a large part (35.2% and 24.7% respectively) of physical 

activity behaviours. The mean level of walking during the day shift was 9.9% of the overall 

day shift physical activity, while the mean level of walking during the night shift comprised 

7.9% of the overall night shift physical activity.  

 

6.3.5 Comparisons of day and night shift physical 

activity.  

A normality test was performed before the comparison of day and night shift 

physical activity, and Figure S4 (supporting information in Appendix IX) shows the results, 

including the histograms for the distribution of each physical work activity behaviour. The 

graph shows that sitting (p = .337), standing (p = .912), and walking (p = .236) were 

normally distributed, while lying (p < .001) and dynamic standing (p = .047) had an 

asymmetrical distribution.  

 

Table 15 shows the significant physical activity behaviours related to the 

differences between a 12-hour day and night shift. Sitting behaviour (p = .002, CI [-59.1, -

13.0]) was statistically significant between the two samples as well as standing (p = .008, 

CI [6.7, 43.4]). Walking, as a small proportion of the overall physical activity, was 

statistically different between the two samples (p = .005, CI [4.3, 24.0]). Dynamic standing 

(Mann-Whitney U = 661.5, p < .001) and lying (Mann-Whitney U = 389.5, p < .001) during 

a day shift were also significantly different from those during a night shift. Figure 17 

shows the comparisons of the trends for each physical work activity behaviour between 

the 12-hour day and night shifts. 
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Figure 17. Comparisons Between 12-Hour Day and Night Shift Physical Work Activity Behaviours  

 
 

 

 

6.3.6 Physical activity comparison between units.  

Table 16 shows the results of comparisons in physical activity behaviours 

between four ICUs. Lying was a statistically significant factor in the difference between 

ICU1 and ICU2 (Mann-Whitney U = 391.0, n1 = 36, n2 = 30, p = .036). Dynamic standing 

was significantly different between ICU2 and ICU3 (Mann-Whitney U = 201.0, n2 = 30, n3 

= 23, p = .010) as well as between ICU2 and ICU4 (Mann-Whitney U = 107.0, n2 = 30, n4 

= 13, p = .019).  
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Table 16  

 
Comparisons of Dynamic Standing and Lying Between Units 

Note. The variables (ρ ≤ .05) are statistically significant and indicated in bold. 

 

6.4 Discussion 

This study aimed to measure, describe, and analyse the ICU nurses’ physical 

activity behavioural patterns over 12-hour shifts. It also aimed to identify the differences in 

the physical workloads during a 12-hour day shift and a 12-hour night shift and the 

differences between four ICUs. This is the first study to objectively measure ICU nurses’ 

physical job demands over 12-hour day and night shifts using accelerometers, following a 

job demands-recovery framework. It is also a pioneering study, introducing dynamic 

standing into the nursing field to describe the characteristics of ICU nurses’ physical work 

activity behaviours.  

 

 Group n Mean 

rank 

Sum of 

ranks 

Mann-

Whitney U 

Wilcoxon 

W 

Z Asymp. 

Sig. (2-

tailed) 

Exact 

Sig. 2*(1-

tailed) 

Dynamic 

standing 

ICU1 36 30.7 1,105.0 439.0 1,105.0 -1.3 .193  

ICU2 30 36.9 1,106.0 

Lying ICU1 36 37.6 1,355.0 391.0 856.0 -2.1 .036  
ICU2 30 28.5 856.0 

Dynamic 

standing 

ICU1 36 33.4 1201.5 292.5 568.5 -1.9 .059  

ICU3 23 24.7 568.5 

Lying ICU1 36 30.3 1,090.0 404.0 680.0 -.2 .869  

ICU3 23 29.6 680.0 

Dynamic 

standing 

ICU1 36 26.8 966.5 167.5 258.5 -1.5 .132  

ICU4 13 19.9 258.5 

Lying ICU1 36 25.5 917.0 217.0 308.0 -.4 .688  

ICU4 13 23.7 308.0 

Dynamic 
standing 

ICU2 30 31.8 954.0 201.0 477.0 -2.6 .010  
ICU3 23 20.7 477.0 

Lying ICU2 30 24.5 734.0 269.0 734.0 -1.5 .127  

ICU3 23 30.3 697.0 

Dynamic 
standing 

ICU2 30 24.9 748.0 107.0 198.0 -2.3 .020 .019 
ICU4 13 15.2 198.0 

Lying ICU2 30 19.5 586.5 121.5 586.5 -2.1 .035 .051 

ICU4 13 27.6 395.5 

Dynamic 

standing 

ICU3 23 18.1 416.0 140.0 416.0 -.3 .754 .770 

ICU4 13 19.2 250.0 

Lying ICU3 23 18.2 418.5 142.5 418.5 -.2 .809 .820 

ICU4 13 19.0 247.5 
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This study found that ICU nurses’ physical work activity involved a large amount 

of standing and dynamic standing behaviours, accounting for 70% of the overall physical 

workload during a 12-hour day shift and 60% of the total physical workload during a 12-

hour night shift. The high levels of standing and dynamic standing occurred at these 

specific times during a 12-hour day shift (7:00-9:00, 10:00-12:00, and 14:00-19:00) and a 

12-hour night shift (19:00-21:00, 22:00-24:00, and 05:00 to 07:00). This reflects the 

characteristics of ICU nursing, as each ICU nurse normally has one severely ill patient to 

look after, and they spend a significant amount of time on direct patient care in the 

patients’ bed space. This finding is in line with the results from a systematic review which 

concluded that nurses spent most of their time standing and slow walking to undertake 

patient care tasks (Chappel et al., 2017). Of particular note is a study that observed an 

Australian private hospital’s 12-bed ICU, which concluded that over 60% of 3,081 

observed ICU nurses’ physical activities involved direct patient care tasks (Abbey Mphil, 

Chaboyer, & Mitchell, 2012). A further two studies utilised accelerometer measurements 

and reported shift work involved a high amount of standing (Loef et al., 2018; Loprinzi, 

2015).  

 

Our findings also identified that the overall physical workload during a 12-hour 

day shift was significantly higher than that during a 12-hour night shift. The level of 

physical job demands (standing, dynamic standing, and walking) remained elevated, and 

the recovery levels (sitting and lying) were lower during the day shift, compared to those 

during the night shift. These findings align with research by Nicoletti et al. (2014) who 

surveyed twenty Swiss nurses and highlighted that the night shift nurses had the less 

physical burden, longer rest periods, and more opportunities for muscle relaxation, 

compared to the day shift nurses. Similarly, after observing two Belgian ICUs over four 

weeks by using the Nursing Activity Score (NAS), Debergh et al. (2012) ascertained that 

the night shift nurses (23:30 to 07:30) had much lower activity scores, compared to those 

working on other shifts. Moreover, using the NAS and Nursing Manpower Use Score 

(NEMS) to assess 99 patients in a 3-bed Croatian ICU where ten nurses worked 12-hour 
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shifts, a study reported higher nursing physical activity scores in 99-day shifts, compared 

to those in 98-night shifts (Kraljic et al., 2017).  

 

The present study also identified that dynamic standing was a key factor in the 

difference of physical workloads between ICU2 and ICU3 as well as between ICU2 and 

ICU4. This indicated that the nurses in ICU2 performed a substantially higher amount of 

nursing tasks in a dynamic standing position over a 12-hour day or night shift, compared 

to the nurses in ICU3 or ICU4. Furthermore, this study identified differences between 

ICU1 and ICU2 in time spent lying. A possible explanation for these differences in 

findings may be that the four ICUs have different specialisations in nursing care. ICU2 is 

a large unit, specialising in caring for patients who require organ transplantation (liver, 

kidneys, and pancreas) or brain surgery. Therefore, during a 12-hour day or night shift 

testing period, patients in ICU2 may have needed more complex nursing care, thus 

resulting in the nurses having the highest amount of dynamic standing and the lowest 

level of lying behaviours of the four units. Another possible explanation may be that the 

four ICUs have different nurse management systems and work cultures, such as staffing 

and break schedules. In addition, during the tested 12-hour day and night shifts, some 

units may have had a lower number of patients, and this may have enabled nurses to 

have their statutory breaks. Further research is needed to determine the factors 

underlying differences between ICU units.    

 

Other studies have explored differences between nursing units. Debergh et al. 

(2012) examined the physical workloads of two Belgian hospital ICUs, using the nursing 

activity score instrument. They concluded that nurses’ physical workloads were 

distinctively different between the two ICUs during a night shift (Debergh et al., 2012). In 

contrast, Nicoletti et al. (2014) studied 20 female nurses from four different wards at four 

Swiss hospitals utilising an accelerometer and a 2-electrode electrocardiogram. The 

study concluded that there was no significant difference in the physical workloads during 

the day or night shift between the four hospitals (Nicoletti et al., 2014).   
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6.5 Strengths and Limitations 

The strengths of the study were the use of accelerometers to objectively measure 

nurses’ physical activity and a high compliance rate of participants’ wearing 

accelerometers (102 out of 106 participants complied). This may have increased the 

reliability of the research results and reduced the bias of the study. Uniquely, this study 

utilised a framework of job demands-recovery by regarding sedentary behaviours (sitting 

and lying) during a 12-hour shift as recovery behaviours. The time-series graphs 

demonstrated the ICU nurses’ physical activity cyclical behavioural patterns and the 

differences between the physical workloads of a 12-hour day shift and those of a 12-hour 

night shift. This strengthens the utility of study findings, as it provides management with 

evidence-based information for predicting ICU nurses’ physical workloads within a 

specific period.   

 

However, the cross-sectional nature of this research study did not allow for 

causality to be inferred. We extracted the accelerometer data from 07:00 to 19:00 for a 

day shift and from 19:00 to 07:00 the next morning for a night shift. As such, the physical 

activities during handover time (19:00-19:30 for the day shift and 07:00-07:30 for the 

night shift) were excluded. This was because most nurses left work after handover before 

19:30 or 07:30, and excluding these nurses from this study would reduce the participation 

rate. The study also did not distinguish participants’ work sitting behaviour from their tea 

and meal breaks, which would have overestimated recovery time during the 12-hour day 

or night shift. Some participants were fitted with the accelerometers on their first day back 

at work after days off, whereas other participants were fitted on their second day back at 

work. This means some participants may have been less refreshed than others, which 

may have affected their physical activity behaviours during the testing period.  

 

Patient acuity levels were not considered in the study, which may be an important 

factor to investigate in future. Furthermore, the accelerometer data cannot be used to 

distinguish specific nursing tasks, such as heavy lifting or transferring a patient from bed 

to bed; as such, this study would have underestimated the physical workload of ICU 
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nurses. Other factors, such as organisational factors and demographic factors, may also 

need to be explored in future research. As this study only focused on ICU nurses’ 

physical work activity over a single 12-hour shift, and the levels of job demands vary from 

day to day, a more extended period of research is needed to establish stable patterns of 

physical work activity. Identifying ICU nurses’ leisure time recovery behaviours may help 

enhance their tolerance to increased physical job demands, which should also be 

considered in future research.  

 

6.6 Conclusions 

Following the job demands-recovery framework, this study described intensive 

care nurses’ 12-hour shift physical activity patterns. It concluded that a large amount of 

standing and dynamic standing was involved in intensive care nurses’ physical workloads 

during a 12-hour day or night shift. Higher physical job demand levels were identified 

during a 12-hour day shift, compared with those during a 12-hour night shift. Dynamic 

standing and lying were the key factors in the differences between physical workloads in 

the studied intensive care units. Future research is needed to develop strategies to 

support ICU nurses’ recovery and identify the factors that may impact on nurses’ physical 

workloads in different work environments. 

 

6.7 Relevance to Clinical Practice 

By analysing ICU nurses’ physical work activity behaviours during a 12-hour shift, 

this study provides valuable clinical information to health board organisations for 

developing initiatives and interventions to promote a healthy workplace. The findings 

provide managers with practical evidence for predicting ICU nurses’ workloads and to 

support nurses to manage their physical job demands during a 12-hour day or night shift. 

 

The study findings highlight periods of high physical work activity and 

opportunities for recovery. If nurses are given sufficient breaks in a comfortable, restful 

environment, this could help overcome the negative effects of ICU high job demands. 
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Well-organised breaks (schedule and quality) can rejuvenate nurses and also make them 

feel they are respected and valued (Nejati, Rodiek, & Shepley, 2016), and this can 

positively influence nurses’ work behaviours (Wendsche, Ghadiri, Bengsch, & Wegge, 

2017). A group-based job design, coupled with sufficient workplace resource supply, can 

enhance team support and create a supportive environment, and this may also help 

reduce nurses’ physical job demands (Nielsen et al., 2017). Adjusting the number of 

available floating nurses to meet the multiple requirements within a specific busy period 

may help lower nurses’ physical workloads (Debergh et al., 2012).  

 

The current study findings also highlight that a reduction in nursing tasks between 

02:00 and 04:00 to allow nurses to have a restful sleep may help increase their vigilance 

during a night shift (Fallis, McMillan, & Edwards, 2011). This is aligned with the effect of 

chronotype that is high on sleepiness and low on arousal between 00:00 and 04:00 

(Reinke, Özbay, Dieperink, & Tulleken, 2015). A restful sleep may also help ICU nurses 

reduce the effects of shift work disorder and total mood disturbance (Hajo et al., 2020). 

Additional strategies that include health promotion programs and workplace redesign may 

help enhance individual resilience, thus increasing their tolerance to the high level of 

physical job demands (Ceschi et al., 2017). These strategies include encouraging a 

healthy diet, increasing leisure time physical activity, and reducing sources of stress 

along with the introduction of evidence-based stress reduction interventions (Tucker, 

Harris, Pipe, & Stevens, 2010). This could assist ICU nurses to better accommodate 

heavy physical job demands and assist managers to develop a healthier workplace. 

Future research is needed to focus on workplace interventions as well as improving 

individual resilience to cope with high levels of physical job demands.   
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Preface to Chapter 7 

 

In Chapter 6 (Study 2), ICU nurses’ physical activity behavioural patterns during a 

12-hour shift were described. These patterns included standing, dynamic standing, 

walking, sitting, and lying. Study 2 identified that ICU nurses experienced a high level of 

standing and dynamic standing during a 12-hour shift. It also discovered that the physical 

workload during a 12-hour day shift was higher than that during a 12-hour night shift. 

Further, this study uncovered that there was a significant difference in dynamic standing 

and lying between the four investigated ICUs. Accordingly, it was concluded that ICU2 

had a higher level of physical job demands compared to ICU1, ICU3 and ICU4.  

 

In Study 1, it was found that highly resilient nurses had a higher level of physical 

work activity. Therefore, combining the results from Studies 1 and 2, the following 

questions were considered: Does a group of ICU nurses with higher resilience levels 

have higher occupational and leisure time physical activity levels? Are these nurses at 

high risk from the physical activity health paradox (the positive health effects of leisure 

time physical activity vs. the negative health effects of occupational physical activity)? It 

would be worthwhile profiling the participants’ physical activity patterns and looking at the 

associations between resilience and these activity profiles within the context of the 

physical activity health paradox. Accordingly, Study 3 was developed and is presented in 

the next chapter.  
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Chapter 7: Study 3 

 

Manuscript: A cluster analysis of physical activity profiles and 

resilience in intensive care nurses 

 

Study 3 is the third research output from this thesis, and its manuscript will be 

submitted to a journal for publication. In this study, a hierarchical clustering analysis was 

utilised, and the study sample (collated in Study 1) was classified into four physical 

activity profiles, named as low actives, standers, sitters, and movers. Then, the 

characteristics of these profiles were explored in terms of nurses’ physical activity 

behavioural patterns during two 12-hour shifts and two nonworkdays within the context of 

the physical activity health paradox. Study 3 identified the factors in relation to the 

differences between the four profiles regarding physical activity behavioural patterns. 

Further, it analysed each group’s resilience and association with the classified physical 

activity profiles. 

 

The following manuscript is cited as: 

Yu, F., Cavadino, A., Mackay, L., Ward, K., King, A., & Smith, M. (2020). Physical 

activity and personal factors associated with nurse resilience in intensive care units. 

Unpublished manuscript. 
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Abstract 

Limited evidence exists regarding a group of nurses’ physical activity patterns and 

association with resilience. Less is known about the physical activity health paradox in 

nurses (the positive health effects of leisure time physical activity vs. the negative health 

effects of occupational physical activity). This study aims to explore the profiles of 

intensive care nurses’ physical activity behaviours and associations with resilience, 

following a developed study-specific job demands-recovery framework. A cross-sectional 

study was conducted with New Zealand intensive care nurses from four units at three 

hospitals in 2019. The Connor-Davidson Resilience Scale 25 was used to assess 

resilience, and accelerometry was utilised to record participants’ 4-day physical activity 

(two workdays followed by two nonworkdays). Hierarchical clustering analysis was 

employed to define groups of nurses with similar physical activity behaviour profiles. The 

study sample (N = 93) was classified as low actives (n1 = 19), standers (n2 = 36), sitters 

(n3 = 31), and movers (n4 = 7). The job demand factors associated with the differences 

between the four clusters included sitting, dynamic standing, and occupational physical 

activity during two 12-hour shifts. The recovery factors related to the differences between 

the four clusters incorporated sitting, standing, dynamic standing, walking, lying, sleeping, 

and leisure time physical activity during two nonworkdays. Movers had optimal physical 

activity profiles with high resilience levels, and they were less likely to be affected by the 

physical activity health paradox. Resilience was not associated with the four physical 

activity profiles. Strategies are necessary to promote leisure time physical activity and 

resilience to reduce the risk of ICU nurses’ physical activity health paradox. 
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7.1 Introduction 

Resilience has been defined as an innate force to increase individuals’ ability, 

capacity, and adaptability when facing personal or work adversity (Yu et al., 2019). 

Studies have identified that resilient individuals have a high level of leisure time physical 

activity, low-stress levels, and better mental health status (Chow & Choi, 2019; Lines et 

al., 2020; Özkara et al., 2016; Wermelinger Ávila et al., 2018). Still, little in the literature 

has connected how nurse resilience is associated with objectively measured overall 

physical activity (such as at work or leisure time), types of physical activity (such as 

sitting, standing, walking, or running), or physical activity intensities (such as moderate or 

vigorous levels).  

 

Our prior studies built the relevant evidence regarding individual ICU nurses’ 

resilience and physical activities using dual accelerometry to characterise their physical 

activity and sedentary behavioural components (Yu, Cavadino et al., 2020; Yu, 

Narayanan et al., 2020). We introduced dynamic standing (standing with slight 

movement) as a new approach to measuring ICU nurses’ physical work activity when 

providing nursing care such as bed baths, medication preparation, or chest drain removal 

(Yu, Cavadino et al., 2020; Yu, Narayanan et al., 2020). We also identified that more 

resilient ICU nurses had higher occupational physical activity levels and lower sleep 

duration during leisure time compared to less resilient nurses (Yu, Cavadino et al., 2020). 

Moreover, we found different patterns of physical activity behaviours across the sample 

during a 12-hour shift (Yu, Narayanan et al., 2020). Taken together, these findings 

highlighted a need to understand the combination of physical activity patterns during work 

and leisure time and to explore the associations between these activity profiles and 

resilience.  

 

Understanding a group of nurses’ physical activity profiles will enable us to 

perceive how these nurses accumulate physical activity and recovery time during work 

and nonworkdays, and to discern whether the composition of their physical activity 

behaviours are beneficial or detrimental to health. Using accelerometry, it is known that 
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the components of individual physical behaviours during 24 hours are sitting, standing, 

dynamic standing, walking, running, and lying (Narayanan et al., 2020). However, we 

should not just treat these physical activity behavioural components individually (or as 

independent variables), but rather consider them simultaneously to understand what 

groups of physical activity patterns, or clusters of behaviours, are associated with 

resilience. For example, are nurses with higher levels of standing, dynamic standing, 

walking, and running more resilient than those with other physical activity profiles?  

 

Increasing leisure time physical activity has been identified as a strategy for 

preventing noncommunicable diseases (Reiner, Niermann, Jekauc, & Woll, 2013). In 

contrast, scholars identify high levels of occupational physical activity as having 

detrimental effects on health (Coenen et al., 2018). These included a high risk of 

cardiovascular disease (Climie et al., 2019), high prevalence of sleep problems 

(Skarpsno, Mork, Nilsen, Jørgensen, & Holtermann, 2018), increased stroke and transient 

ischemic attack (Hall et al., 2019), and an elevated risk for long-term sick leave 

(Holtermann, Hansen, Burr, Søgaard, & Sjøgaard, 2011). These contradictory health 

effects of occupational and leisure time physical activity have been termed as the 

physical activity health paradox (Holtermann et al., 2020). 

 

The concept of the physical activity health paradox is determined by the 

characteristics of occupational and leisure time physical activity in different work and 

social environments (Holtermann et al., 2020). Evidence indicates that nurses’ 

occupational physical activity involves prolonged standing and walking, excessive 

physical job demands, and long work hours (Chappel et al., 2017; de Campos et al., 

2018; Fiedler et al., 2012). Prior research found that high levels of standing and dynamic 

standing were involved in ICU nursing during a 12-hour shift (Yu, Narayanan et al., 2020). 

Moreover, studies identified that nurses’ physical activity during work hours was more 

energy-intensive compared to their physical activity during leisure time (Daud, Ongsang, 

Tengah, Rahman, & Abdul-Mumin, 2019; Lee, Huang, & Kao, 2005; McCarthy et al., 

2018). As yet, no research has explored whether ICU nurses have high occupational 
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physical activity or low leisure time physical activity and whether they experience the risk 

of developing the physical activity health paradox.  

 

Accordingly, the study aims to explore the profiles of intensive care nurses’ 

physical activity and associations with resilience. The objectives are: (1) to classify nurses 

into clusters based on their physical activity behaviours; (2) to describe their physical 

activity behaviours within each cluster and the differences between clusters in terms of 

these behaviours; and (3) to evaluate whether there is an association between resilience 

and physical activity behaviours, using the classified clusters. 

 

7.2 Material and Methods 

7.2.1 Design. 

A cross-sectional study was designed and conducted with nurses from four 

intensive care units at three large tertiary teaching hospitals. A study-specific job 

demands-recovery framework (Figure 18) was developed according to the job demands-

resources model (Bakker & Demerouti, 2007) to situate this study aims and objectives. 

The job demands-resources model is a fundamental theory that classifies the job stress 

factors into job demands (e.g., burnout or heavy workloads) and job resources (e.g., pay 

rise or social support) (Bakker & Demerouti, 2007). Accordingly, this developed study-

specific job demands-recovery framework suggests that physical work activity, as job 

demands, might drain nurses’ energy, and leisure time physical activity behaviours could 

help nurses’ recover from their heavy workloads. This framework also shows that the 

health impairment process may decrease resilience, while the motivational process may 

increase resilience. Following this framework, the specified variables were defined as 

sitting, standing, dynamic standing, walking, lying, and sleeping during work (physical job 

demands) as well as during leisure time (recovery) to represent nurses’ physical activity 

behavioural patterns. Overall, occupational physical activity (standing, dynamic standing, 

walking, and running at work) and leisure time physical activity (dynamic standing, 
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walking, and running during nonworkdays) were also key variables. In this study, 

participants’ lying times did not include a sleep period. 

 

Figure 18. A Developed Study-Specific Job Demands-Recovery Framework for Study 3 

 
Figure 18. Adapted from “The Job Demands-Resources Model: State of the Art,” by A. B. Bakker and E. 

Demerouti, 2007, Journal of Managerial Psychology, 22(3), p. 313. Copyright 2007 by Emerald Publishing 

Limited. 

 

7.2.2 Participants. 

The study protocol required participants to wear a pair of AX3 Axivity 

accelerometers continuously for four consecutive days (two workdays followed by two 

nonworkdays) to record their physical activity behaviours at work and during leisure time. 

The study included participants who (1) were ICU nurses providing direct patient care; (2) 

worked at least 32 hours fortnightly; (3) were not nurse coordinators; (4) were not allergic 

to the Elastoplast medical dressings; and (5) continuously wore the accelerometers over 

the required 4-day period. 

 

Participation information was emailed to all nurses from the four ICUs (an 

estimated 400-500 registered nurses in total). A sample size of 100 was estimated to 
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provide 90% power for linear regression analysis (error prob α = .05, effect size f2 = .107). 

Therefore, this study aimed to recruit approximately 100 nurses from the four ICUs.  

 

7.2.3 Data collection. 

The data were collected from ICU nurses at four units in three hospitals between 

May and October in 2019. Participants’ resilience levels and sociodemographic 

characteristics were assessed by way of an online survey. Each participant was required 

to continuously wear a pair of AX3 Axivity accelerometers for four days (two workdays 

followed by two nonworkdays) to record their physical activity behaviours. They were also 

asked to answer the survey questions before being fitted with the accelerometers. A 

work-sleep/naps log was distributed to participants to record their work and sleep times.  

 

7.2.4 Ethical considerations. 

Ethics approval was provided by the institutional ethics committee (the Auckland 

Health Research Ethics Committee; reference: 000070). Informed consent to participate 

was obtained from the three hospitals, four ICUs, and each research participant. 

 

7.2.5 Measures. 

7.2.5.1 Resilience. 

The Connor-Davidson Resilience Scale 25 (CD-RISC 25) (Connor & Davidson, 

2003) was used to assess participants’ resilience. This scale consists of 25 questions that 

evaluate participants’ tenacity, strength, adaptability, personal beliefs, and self-control 

ability (Connor & Davidson, 2003). The participants answered these questions using a 

Likert scale (0 = not true at all, 1 = rarely true, 2 = sometimes true, 3 = often true, and 4 = 

true nearly all the time). The resilience scores ranged from 0 to 100, and the higher the 

score was, the greater the resilience. This scale has been shown to have high reliability 

(Cronbach’s score α = .93 for internal consistency) (Connor & Davidson, 2003). 
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7.2.5.2 Sociodemographic information. 

Participants’ sociodemographic information was collated as follows: age, sex, 

marital status, religious beliefs, ethnicity, years of nursing experience, and years of ICU 

nursing experience. This selected information was based on previous research regarding 

sociodemographic factors in association with physical activity (Jun et al., 2019; McCarthy 

et al., 2018; Wilkerson et al., 2019). 

 

7.2.5.3 Physical activity. 

AX3 Axivity triaxial accelerometers were used to measure physical activity. These 

units are triaxial with a temperature sensor and a real-time clock built in to record an 

individual’s movements (Figure 19). A pair of AX3 Axivity accelerometers, with a unique 

numerical code, were distributed to each participant to continuously wear for four 

consecutive days (two workdays followed by two nonworkdays). One device was 

attached to the anterior aspect of the thigh, while the other was attached to the lower 

back, using hypoallergenic dressings. The collated accelerometer data were then 

extracted and identified into different postures that included sitting, standing, dynamic 

standing, lying, walking, and running over the 4-day period. Participants’ occupational 

physical activity comprised standing, dynamic standing, walking, and running behaviours 

over two 12-hour shifts. Their leisure time physical activity consisted of dynamic standing, 

walking, and running behaviours over two nonworkdays. Using accelerometry can reduce 

the bias from personal interests and subjective measurement (Chappel et al., 2017), thus 

enhancing the quality of this study.   

 

Figure 19. AX3 Axivity Accelerometer    
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7.2.5.4 Sleep and work hours. 

Participants recorded their work and sleep hours on a log as follows: (1) the 

start/end date and time of their work shifts and sleep duration, and (2) their accelerometer 

nonwear time periods. The log included participants’ instructions for reattaching their 

accelerometers if needed, and they were each provided with a Ziplock plastic bag with 

medical dressings for this purpose. As the sleep and work hours were self-reported, 

participants were encouraged to fill in their logs accurately to reduce the impact of any 

misreported information on the collated data.  

 

7.2.6 Data analysis. 

OMGUI software (Version 1.0.0.30, Open Movement, Newcastle University, UK) 

was utilised for AX3 Axivity accelerometer configuration and raw data downloads. 

MATLAB (release 2017b, The MathWorks, Inc., MA, USA) was used to transform the AX3 

Axivity accelerometer raw data into physical activity behavioural patterns. The collated 

accelerometer movement data were extracted and then classified into different postures 

of sitting, standing, dynamic standing, lying, walking, and running during two 12-hour 

shifts and two nonworkdays, using machine-learning algorithms (Duncan et al., 2018; 

Narayanan et al., 2019; Stewart et al., 2018). 

 

SPSS version 26 was used for data analysis. Hierarchical clustering analysis was 

utilised to classify the study sample into groups based on the following physical activity 

variables: sitting, standing, dynamic standing, walking, running, lying, and sleeping, 

measured over two 12-hour shifts as well as during two nonworkdays. Ward’s method, as 

a clustering method, and Squared Euclidean distance (interval), as a measure, were 

selected for hierarchical clustering analysis to classify the study sample into four clusters. 

Shapiro-Wilk test was conducted to assess the normality of the variables. Analysis of 

variance (ANOVA) (for normally distributed variables) and a Kruskal-Wallis test (for 

nonnormally distributed variables) were used to evaluate and describe differences 
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between identified clusters in terms of physical activity variables (sitting, standing, 

dynamic standing, walking, running, lying, and sleeping). Multivariable linear regression 

was utilised to identify whether resilience was associated with physical activity profiles 

(clusters), adjusted for marital status and religious beliefs. This was because our prior 

study (N = 93) identified that marital status and religious beliefs were associated with 

resilience (Yu, Cavadino et al., 2020). A p-value that was less than or equal to .05 was 

determined as the significance level for this study. 

 

7.3 Results  

7.3.1 Participants. 

From the 374 participants who met the inclusion criteria, 132 nurses signed the 

consent form, resulting in a participation rate of 35.3%. Of those, 106 participants 

answered the online survey, completed the sleep log, and wore a pair of AX3 Axivity 

accelerometers over four consecutive days. However, some participants removed their 

accelerometers for various lengths of time over the 4-day period. A mean level of 104.4 

minutes was calculated for the 106 participants’ accelerometer nonwear times. Therefore, 

13 participants whose nonwear times exceeded 104.4 minutes were excluded from this 

study to enhance overall physical activity measurement accuracy, leaving data from 93 

nurses for analysis. A flow chart for participants’ inclusion and exclusion is shown in 

Figure 20. The mean age of the 93 participants was 33.9 (SD =  9.6) years old, 73.1% 

were female, 59.1% were married, 52.7% were religious, and 46.2% were Europeans. Of 

the 93 nurses, 39.8% had at least six years of ICU nursing experience, while 66.7% had 

six years or more of general nursing experience. 
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Figure 20. A Flow Chart for Participants' Inclusion and Exclusion  

 
 

7.3.2 Normality of variables’ distributions. 

Shapiro-Wilk test was employed to test the normality of resilience and physical 

activity variables’ distributions. The variables with a normal distribution included resilience 

(p = .626), standing at work (p = .837), dynamic standing at work (p = .502), walking at 

work (p = .355), sitting at leisure (p = .329), walking at leisure (p = .053), and leisure time 

physical activity (p = .388). In contrast, the variables with a nonnormal distribution were: 

sitting at work (p < .001), lying (nonsleep) at work (p < .001), running at work (p < .001), 

sleeping at work (p < .001), occupational physical activity (p = .001), standing at leisure (p 

= .005), dynamic standing at leisure (p = .004), lying (nonsleep) at leisure (p < .001), 

running at leisure (p < .001), and sleeping at leisure (p = .027).  
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7.3.3 Cluster analysis. 

Using hierarchical cluster analysis, the study sample (N = 93) was classified into 

four groups, which were Cluster 1 (n = 19), Cluster 2 (n = 36), Cluster 3 (n = 31), and 

Cluster 4 (n = 7), characterised as low actives, standers, sitters, and movers, 

respectively. They were named according to each group’s physical activity profile. For 

example, Cluster 4 was named movers, as the participants in this group appeared active. 

“Sitting a lot” was the main characteristic of Cluster 3; therefore, it was named sitters. 

Similarly, the participants in Cluster 2 had the highest levels of standing and dynamic 

standing during leisure time, so they were called standers. Cluster 1 showed the lowest 

physical activity levels; therefore, it was titled low actives.  

 

7.3.3.1 Physical activity characteristics of clusters. 

Table 17 describes the mean levels of physical activity behaviours (during two 

12-hour shifts followed by two nonworkdays) in each of the four clusters, including p-

values from a statistical test between cluster differences. The mean levels of each 

physical activity behaviour in the four clusters were ranked as lowest, lower, higher, and 

highest. The ranks were then used to compare the characteristics of participants’ physical 

activity behaviours between the four clusters. Within the category of the job demands 

(two 12-hour shifts), the variables differing significantly by clusters were: sitting, H(4) = 

8.9, p = .031; dynamic standing, F(3, 89) = 5.1, p = .003; and occupational physical 

activity, H(4) = 11.0, p = .012. Within the category of recovery (two nonworkdays), the 

variables that showed significant cluster differences were: sitting, F(3, 89) = 37.5, p 

< .001; standing, H(4) = 29.4, p < .001; dynamic standing, H(4) = 48.8, p < .001; walking, 

F(3, 89) = 3.8, p = .013; lying, H(4) = 51.0, p < .001; sleeping, H(4) = 12.8, p = .005; and 

leisure time physical activity F(3, 89) = 26.4, p <.001. The graph in Figure 21 also 

highlights the key differences between these clusters in terms of the mean levels of 

physical activity during two 12-hour shifts and two nonworkdays, and the following 

sections will describe these differences.  
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Table 17  

 
Description of Physical Activity Behaviours by Cluster 

Variables 

Unit: minutes 

M (SD) 

Cluster 1 

(n = 19) 

Low actives 

Cluster 2 

(n = 36) 

Standers 

Cluster 3 

(n = 31) 

Sitters 

Cluster 4  

(n = 7) 

Movers 

p-values  

Job demands during two 12-hour shifts 

 

Sitting 389.6 (125.9) 325.7 (96.0) 391.9 (149.2) 288.7 (153.3) .031 

Higher  Lower Highest  Lowest  

Standing 544.9 (95.1) 551.5 (105.5) 527.6 (120.0) 577.8 (112.3) .674 

Lower  Higher  Lowest  Highest  

Dynamic standing 365.6 (80.7) 435.1 (85.8) 368.1 (88.1) 446.7 (97.9) .003 

Lowest  Higher Lower  Highest  

Walking 118.0 (44.7) 131.8 (45.8) 131.3 (40.8) 111.3 (51.0) .502 

Lower  Highest  Higher  Lowest  

Running .1 (.2) .1 (.2) .1 (.4) .1 (.1) .973 

Similar  Similar Similar Similar 

Lying 25.8 (45.4) 19.3 (33.3) 21.2 (40.1) 8.5 (12.8) .845 

Highest  Lower  Higher  Lowest  

Sleeping 

 
 
Occupational 
physical activity 

34.2 (66.8) 25.8 (48.6) 51.8 (70.3) 70.0 (88.0) .190 

 
 
.012 

Lower  Lowest  Higher  Highest  

1,028.7 (116.3) 1,118.5 (120.4) 1,027.2 (169.8) 1,135.9 (156.5) 

Lower   Higher   Lowest  Highest 

 

Recovery during two nonworkdays 

Sitting 770.8 (222.9) 885.7 (126.7) 1,190.8 (190.7) 582.5 (191.3) < .001 

Lower  Higher  Highest  Lowest  

Standing 209.8 (94.1) 322.2 (109.3) 185.5 (73.8) 198.6 (40.4) < .001 

higher Highest  Lowest  lower 

Dynamic standing 203.2 (89.8) 396.2 (119.9) 196.7 (70.9) 264.7 (88.6) < .001 

Lower  Highest  Lowest  Higher  

Walking 70.5 (39.9) 112.8 (48.7) 85.8 (52.2) 115.1 (66.5) .013 

Lowest  Higher  Lower  Highest  

Running  3.2 (8.4) 2.7 (11.0) 4.7 (11.5) 6.0 (8.8) .295 

Lower  Lowest  Higher  Highest  

Lying  482.0 (167.0) 124.1 (100.3) 99.0 (88.9) 928.1 (189.8) < .001 

Higher  Lower  Lowest  Highest  

Sleeping 962.4 (245.1) 1,042.0 (152.3) 1,122.1 (224.5) 776.4 (230.2)  .005 
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Variables 

Unit: minutes 

M (SD) 

Cluster 1 

(n = 19) 

Low actives 

Cluster 2 

(n = 36) 

Standers 

Cluster 3 

(n = 31) 

Sitters 

Cluster 4  

(n = 7) 

Movers 

p-values  

 

Leisure time 
physical activity 

Lower  Higher  Highest  Lowest   
 
< .001 276.9 (115.9) 511.8 (130.1) 287.2 (98.6) 385.8 (132.1)            

Lowest Highest  Lower  Higher  

 

Note. Lying time does not include sleep duration. The unit for each variable is minutes. 

The mean level for each physical activity behaviour was ranked as lowest, lower, higher, and highest between the four 

clusters.  

The variables indicated in bold are significant physical activity behaviours for the four clusters (p < .05). 

Occupational physical activity consists of standing, dynamic standing, walking, and running behaviours over two 12-

hour shifts. 

Leisure time physical activity consists of dynamic standing, walking, and running behaviours over two nonworkdays. 

 

Figure 21. The Composition of Physical Activity Behaviours at Work and Leisure Time of Four Clusters in 

Minutes 

   
Figure 21. The four clusters are: Cluster 1 (low actives, n = 19) (blue), Cluster 2 (standers, n = 36) (red), Cluster 3 

(sitters, n = 31) (orange), and Cluster 4 (movers, n = 7) (yellow). 
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7.3.3.1.1 Cluster 4 (movers). 

During two 12-hour shifts, movers had the highest mean level of dynamic 

standing (M = 446.7, SD = 97.9) and the lowest mean level of sitting (M = 288.7, SD = 

153.3). During two nonworkdays, movers had the highest mean level of walking (M = 

115.1, SD = 66.5) as well as the lowest mean level of sitting (M = 582.5, SD = 191.3) and 

sleep time (M = 776.4, SD = 230.2). Interestingly, a higher mean level of dynamic 

standing (M = 264.7, SD = 88.6) and a lower mean level of standing (M = 198.6, SD = 

40.4) were also reported in this group. Overall, movers had the highest mean level of 

occupational physical activity (M = 1,135.8, SD = 156.5) and a higher mean level of 

leisure time physical activity (M = 385.8, SD = 123.1).  

 

7.3.3.1.2 Cluster 3 (sitters). 

During two 12-hour shifts, sitters had the highest mean level of sitting behaviour 

(M = 391.9, SD = 149.2) and a lower mean level of dynamic standing (M = 368.1, SD = 

88.1). During two nonworkdays, sitters exhibited the highest mean level of sitting (M = 

1,190.8, SD = 190.7), the lowest mean level of standing (M = 185.5, SD = 73.8) and 

dynamic standing (M = 196.7, SD = 70.9), and a lower mean level of walking (M = 85.8, 

SD = 52.2). Sitters also displayed the lowest mean level of lying time (M = 99.0, SD = 

88.9) and the highest mean level of sleep duration (M = 1,122.1, SD = 224.5). 

Nevertheless, sitters had the lowest mean level of occupational physical activity (M = 

1,027.2 SD = 169.8) and a lower mean level of leisure time physical activity (M = 287.2, 

SD = 98.6).  

 

7.3.3.1.3 Cluster 2 (standers). 

During two 12-hour shifts, standers reported a lower mean level of sitting (M = 

325.7, SD = 96.0) and a higher mean level of dynamic standing (M = 435.1, SD = 85.8). 

During leisure time, standers had the highest mean level of standing (M = 322.2, SD = 

109.3) and dynamic standing (M = 396.2, SD = 119.9). They also showed a higher mean 

level of walking (M = 112.8, SD = 48.7), sitting (M = 885.7, SD = 126.7), and sleeping 
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time (M = 1,042.0, SD = 152.3) as well as a lower mean level of lying (M = 124.1, SD = 

100.3). Notably, standers had a higher mean level of occupational physical activity (M = 

1,118.5, SD = 120.4) and the highest mean level of leisure time physical activity (M = 

511.8, SD = 130.1).    

 

7.3.3.1.4 Cluster 1 (low actives). 

Low actives exhibited a higher mean level of sitting (M = 389.6, SD = 125.9) and 

the lowest mean level of dynamic standing (M = 365.6, SD = 80.7) during two 12-hour 

shifts. During two nonworkdays, low actives showed a higher mean level of standing (M = 

209.8, SD = 94.1), a lower mean level of dynamic standing (M = 203.2, SD = 89.8), and 

the lowest mean level of walking (M = 70.5, SD = 39.9). Low actives also had a lower 

mean level of sitting (M = 770.8, SD = 222.9) and sleep duration (M = 926.4, SD = 245.1) 

as well as a higher mean level of lying behaviour (M = 482.0, SD = 245.1). It is noted that 

low actives had a lower mean level of occupational physical activity (M = 1,028.7, SD = 

116.3) and the lowest mean level of leisure time physical activity (M = 276.9, SD = 115.9). 

 

7.3.3.2 Resilience for clusters. 

Of the four groups, Cluster 4 (movers) had the highest mean level of resilience (M 

= 78.7, SD = 9.3); in contrast, Cluster 3 (sitters) had the lowest mean level of resilience 

(M = 71.4, SD = 9.1). The mean level of resilience for Cluster 2 (standers) (M = 73.8, SD 

= 10.2) was slightly higher than that for Cluster 1 (low actives) (M = 72.4, SD = 9.1). 

However, there were no significant differences in resilience levels between these four 

clusters, F(3, 89) = 1.2, p = .298. Additionally, there was no association between 

resilience and the four clusters before or after adjustment for marital status and religious 

beliefs. The adjusted model is in Appendix X: Nonsignificant associations between 

resilience and physical activity profiles. 
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7.4 Discussion 

Using the developed study-specific job demands-recovery framework, the aim of 

this study was to cluster the study sample into four groups (low actives, standers, sitters, 

and movers) to analyse the composition of physical activity behaviours in each group and 

its association with resilience. Within this framework, this study identified ICU nurses’ 

significant physical activity behaviours in differences between the four clusters. The job 

demand factors included sitting, dynamic standing, and occupational physical activity 

during two 12-hour shifts, while the recovery factors incorporated sitting, standing, 

dynamic standing, walking, lying, sleeping, and leisure time physical activity during two 

nonworkdays. Accordingly, this study explored the characteristics of each cluster 

regarding ICU nurses’ physical activity behaviours at work and during leisure time. This 

was the first study to explore the profiles of ICU nurses’ physical activity and resilience, 

based on the classified groups’ physical activity behavioural patterns. The study identified 

that movers in Cluster 4 had the highest levels of resilience and high physical activity 

profiles; however, resilience was not significantly related to clusters. 

 

This study identified that movers in Cluster 4 had the highest mean level of 

occupational physical activity and the lowest mean level of sitting behaviour at work. 

During two nonworkdays, movers had a higher mean level of leisure time physical activity 

and the lowest mean level of sitting behaviour. Therefore, movers were less likely to be 

affected by the physical activity health paradox, as increased leisure time physical activity 

can increase autonomic regulation and decrease heart rates during sleep, thus reducing 

the risk of developing cardiovascular disease (Hallman, Jørgensen, & Holtermann, 2017). 

In addition, movers had the highest mean level of lying in leisure time, which may have 

helped them relax physiologically (Ouellette et al., 2016), thus recovering quickly from 

their workdays.  

 

Moreover, movers had the highest mean level of resilience, although noting that 

their mean resilience level was not statistically significantly higher than other groups, and 

the lowest mean level of sleep duration in leisure time. This finding was in line with the 
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conclusion from our prior study, in which resilient ICU nurses had lower sleep duration in 

leisure time than those who were less resilient. (Yu, Cavadino et al., 2020). This could be 

because resilient nurses may have better sleep behaviours, such as less sleep 

disturbance (Kemper, Mo, & Khayat, 2015) or higher sleep quality (Hughes et al., 2018). 

These may have a positive impact on daytime behaviours and psychological well-being 

(Wong et al., 2013) that enables nurses to cope with high levels of physical job demands.  

 

Overall, movers had optimal physical activity profiles; however, there were only 

seven movers in Cluster 4. While this small group size likely limited our ability to detect 

significant differences, the fact that such a small number of nurses were in this group is 

an important finding. It is possible that the low prevalence of participants in this study 

accumulating optimal activity profiles is indicative of a broader need to promote healthy 

physical activity profiles for ICU nurses. Larger sample sizes are required in future 

research to provide more credence in support of these findings. 

 

This study found that standers in Cluster 2 had a higher mean level of 

occupational physical activity and the highest mean level of leisure time physical activity. 

However, they had a higher mean level of sitting behaviour in leisure time, which may 

increase the risk of cardiometabolic health problems (Eanes, 2018). This study also 

revealed that sitters in Cluster 3 experienced a lower mean level of occupational physical 

activity, the lowest mean level of leisure time physical activity, and the highest mean level 

of sitting behaviour at work and in leisure time. Similarly, low actives in Cluster 1 had the 

lowest mean level of occupational physical activity, a lower mean level of leisure time 

physical activity, and a higher mean level of sitting behaviour at work. Therefore, sitters 

and low actives were more likely to be affected by the physical activity health paradox, as 

long sitting time and low leisure time physical activity increased the detrimental effects on 

health (Eanes, 2018).  

 

These findings are reflected in an observational study (Henwood, Tuckett, & 

Turner, 2012) where an online survey was conducted with 2,264 Australian and New 
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Zealand nurses between 2006 and 2008, with the participants being divided into four 

groups according to their levels of workplace and leisure physical activity. The study 

found that the participants in Group 2 (n = 628 nurses) with high workplace/low leisure (< 

30 minutes/per day) had the highest possibility of taking sick leave due to health issues, 

such as having trouble sleeping or a history of anxiety and depression (Henwood et al., 

2012). These current findings are also explained in another study (Holtermann et al., 

2011) that investigated 7,144 Danish workers’ occupational and leisure time physical 

activity between 2005 and 2007 utilising questionnaires and telephone interviews. The 

study concluded that the participants with high occupational physical activity and low 

leisure time physical activity had a high risk of long-term sick leave (Holtermann et al., 

2011).  

 

7.4.1 Strengths and limitations. 

This is the first study to attempt to understand ICU nurses’ composition of 

physical activity, physical activity health paradox, and resilience to enhance nurse well-

being. This study objectively measured ICU nurses’ occupational and leisure time 

physical activity using dual accelerometry. Additionally, a high compliance rate for the 

wearing of accelerometers (93 out of 106 participants) increased the reliability of this 

study. 

 

However, the study did not investigate the personal and work-related factors that 

may be associated with the risk of the physical activity health paradox in each cluster. For 

example, Cluster 1 (low actives, n = 19) had the lowest mean level of occupational 

physical activity, indicating that some of the nurses in this group may have had two quiet 

night shifts. Or, they may have had three consecutive working days, as the more active 

they were on the first day, the less they engaged in physical work activities in the 

following day’s shifts (Chappel, Aisbett, Considine, & Ridgers, 2020). Cluster 2 (standers, 

n = 36) showed the highest mean level of leisure time physical activity. However, the 

accelerometer measurement could not tell us what these participants did during the two 

nonworkdays, such as looking after children or exercising. Therefore, these personal and 
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work-related factors, such as shift patterns, family dependents, sick leave, or medical 

history, may need to be considered in future research when analysing ICU nurses’ 

physical activity health paradox.  

 

The data for sleep duration were collated from participants’ self-reported work-

sleep/naps logs. Therefore, lying (nonsleep) was the objectively measured time period of 

lying position, excluding the participants’ self-reported sleep hours. This may have 

increased inaccuracy of lying behaviour due to their self-reports. Tea and lunch breaks 

during a shift were not excluded from the two 12-hour shifts, and this may have affected 

the results of analysing participants’ sitting behaviour at work.  

 

In addition, the study only objectively measured occupational and leisure time 

physical activity, so any psychological issues, such as fatigue, burnout, anxiety, or 

depression that may have caused participants’ decreased leisure time physical activity 

and increased occupational physical activity, were not considered in this study. Lastly, 

analysing the risk of the physical activity health paradox was based on literature; 

therefore, a specific assessment tool is required for future studies. Notably, the small 

sample size has limited this study to detect significant differences in resilience between 

clusters as well as the associations between resilience and the clustered physical activity 

profiles. Larger samples, including non-ICU-based nurses and a longer testing period 

may increase the validity and generalisability of the study findings in future.  

 

7.4.2 Relevance to clinical practice. 

The study classified the total sample into four clusters and identified that the four 

groups had the different characteristics of physical activity behaviours. It also identified 

that only seven movers in Cluster 4 had optimal physical activity profiles and high levels 

of resilience. Previous studies found that low leisure time physical activity was associated 

with insomnia symptoms (Skarpsno et al., 2018) and high risk for cardiometabolic health 

conditions (Eanes, 2018). Increased leisure time physical activity could help reduce total 

mood disturbance and mitigate the effects of shift work disorder (Hajo et al., 2020). 
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Therefore, the promotion of ICU nurses’ leisure time physical activity and resilience is 

necessary to reduce the risk of being affected by the physical activity health paradox. 

 

Several strategies are recommended to reduce the risk of being affected by the 

physical activity health paradox. A work-life balance campaign, including exercise 

promotion and healthy eating, could be organised for ICU nurses. This intervention is 

based on a study which found that nurses engaging in more exercise and consuming 

more fruit and vegetables had higher levels of job satisfaction and less job stress (Ross et 

al., 2019). The long-term benefits of self-care can help weight loss and reduce the risk of 

coronary heart disease, type 2 diabetes, dementia, and Alzheimer’s disease (Reiner et 

al., 2013). A mindfulness in motion programme, involving yoga, meditation, music, or diet 

tips could also be offered to ICU nurses for relaxation on their days off to enhance 

resilience for recuperation (Klatt, Steinberg, & Duchemin, 2015). Additionally, a yoga-

based RISE (resilience, integration, self-awareness, and engagement) programme can 

be delivered to ICU nurses to promote a healthier lifestyle and enhance resilience as well 

as improving sleep quality (Trent, Miraglia, Dusek, Pasalis, & Khalsa, 2018). All of these 

strategies would help enrich ICU nurses’ physical and psychological well-being, thus 

reducing the risk of their physical activity health paradox. 

 

7.5 Conclusions  

This study classified the study sample into four clusters (low actives, standers, 

sitters, and movers) and identified the characteristics of resilience and physical activity 

behaviours for each group, utilising the developed study-specific job demands-recovery 

framework. It also identified that several behavioural factors were related to the 

differences between the four clusters. These factors included sitting and dynamic 

standing at work and leisure time, and occupational and leisure time physical activity. 

Standing, walking, lying, and sleeping during leisure time were also key factors in the 

differences between the four clusters.    
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This study identified that movers in Cluster 4 had optimal profiles with high levels 

of resilience and leisure time physical activity as well as low levels of sitting behaviours. 

They were less likely to be affected by the physical activity health paradox, yet few 

participants were classified as movers in this research. In contrast, low actives in Cluster 

1 and sitters in Cluster 3, with low levels of resilience and leisure time physical activity as 

well as high levels of sitting behaviours, were more likely to display the negative effects of 

the physical activity health paradox. Overall, a low number of nurses classified as movers 

with optimal activity profiles and high resilience existed in intensive care units. Resilience 

was not associated with physical activity profiles as determined by clusters. Strategies to 

promote improved physical activity profiles may be warranted to support intensive care 

nurse resilience as well as reduce the physical activity health paradox. Future research is 

recommended to study a larger sample with an extended testing period and to identify the 

specific personal and work-related factors in association with the intensive care nurses’ 

physical activity health paradox. 

 

 

 



                                                                                                         Chapter 8: Discussion  

 169 

 

 

Chapter 8: Discussion 

 

8.1 Introduction  

The preceding three chapters have reported three studies: Study 1 (Chapter 5) 

identified the associations between resilience and ICU nurses’ sociodemographic factors, 

health behaviours, and physical activities; Study 2 (Chapter 6) described the nurses’ 

physical activity behavioural patterns during a 12-hour shift; Study 3 (Chapter 7) explored 

physical activity profiles and associations with resilience. Accordingly, Chapter 8 was 

created to integrate findings from the three studies. Moreover, this chapter reviewed the 

job demands-recovery framework, the applied theories, as well as the resilience concept 

and measurement. Further, by collating Studies 1, 2, and 3, the final key findings from 

this research were identified and explored in the context of extant literature.  

 

8.2 Overview of Findings 

This thesis included a systematic review (in Chapter 2) and research (Studies 1, 

2, and 3 in Chapters 5, 6, and 7, respectively) conducted with ICU nurses from four units 

at three large hospitals in Auckland, New Zealand. In the systematic review, nurse 

resilience and its associated factors were explored. This review identified that 

inconsistent conclusions were found regarding nurse resilience in association with 

personal factors. It also identified that resilience was negatively associated with job 

demands (stress, burnout, posttraumatic stress disorder, workplace bullying, fatigue, 

anxiety, and depression), but positively related to job resources (coping skills, self-

efficacy, social support, job satisfaction, job retention, and general well-being). 

Accordingly, this research explored ICU nurses’ resilience and the related factors, 

physical activity patterns during a 12-hour shift, and physical activity profiles and 

associations with resilience. Particularly, dynamic standing, as a new measure of physical 
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work activity, was introduced in this research to describe the unique characteristics of ICU 

nursing.  

 

Study 1 identified that married or religious nurses had a higher resilience level 

than single or nonreligious nurses. It also identified that resilience was positively 

associated with physical job demands (occupational physical activity, dynamic standing at 

work, and moderate to vigorous physical activity at work) but negatively related to 

recovery (sleep duration during leisure time). Importantly, Study 1 discovered that a low 

level of resilience existed in this study cohort. Study 2 found that high levels of standing 

and dynamic standing were present during participants’ 12-hour shifts and that ICU 

nurses experienced a high level of physical workload overall. It also identified that the ICU 

nurses’ work physical activity levels during a 12-hour day shift were higher than those 

during a 12-hour night shift. Study 3 categorised the study sample (N = 93) into four 

physical activity profiles and revealed that a minority of nurses (n = 7) in this research had 

high resilience and optimal activity profiles; furthermore, these individuals were less likely 

to display the negative effects of the physical activity health paradox. This study also 

identified that resilience was not associated with the four classified physical activity 

profiles. Overall, these identifications provided the foundation for the key findings from 

this research, which will be detailed in section 8.5.   

 

8.3 Review of the Job Demands-Recovery 

Framework 

The review of the study-specific job demands-recovery framework was to help 

identify whether this framework guided this research appropriately and how the four 

theories (conservation of resources, self-determination, broaden-and-build, and resilience 

theory) were integrated into this framework. In Chapter 3, the study-specific job demands-

recovery framework (Figure 3) was developed and described for this research. 

Accordingly, in Chapter 4, it was hypothesised that increased physical job demands 

reduced resilience and that a good recovery (e.g., improved leisure time physical activity 
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or sleep) enhanced resilience. However, in this research, it was identified that resilience 

was positively associated with physical job demands (occupational physical activity, 

dynamic standing at work, and moderate to vigorous physical activity at work) but 

negatively related to recovery (sleep during leisure time). Therefore, these findings were 

in contrast to the hypothesis, based on the study-specific job demands-recovery 

framework.  

 

It is important to consider these findings in light of the fact that this was a cross-

sectional study, meaning the directionality of these relationships cannot be determined. 

Given the findings from the systematic literature review and similar reviews in this field, it 

would be unlikely that higher job-related physical demands and less sleep during leisure 

time would result in higher resilience. Rather, it could be hypothesised that participants 

with higher resilience levels were able to cope with the higher work-related physical job 

demands and possibly required less sleep during recovery days. However, this cannot be 

determined with confidence due to the cross-sectional nature of this research. 

 

Within the study-specific job demands-recovery framework, the research findings 

can be interpreted with the three theories (conversation of resources, self-determination, 

broaden-and-build, and resilience theory). As previously mentioned, most nurses in the 

study sample had a low level of resilience and experienced high physical job demands 

(high levels of standing and dynamic standing during a 12-hour shift), thus exposing them 

to the health impairment process. Based on the conservation of resources theory, it is 

understood that without resource reinvestment, these nurses were more likely to lose 

their resource equilibrium, thus having negative effects on their physical and 

psychological well-being (Gorgievski & Hobfoll, 2008). Therefore, according to the self-

determination theory, it is necessary to enhance these nurses’ capability, autonomous 

motivation, and work support in order to increase their resources (Deci & Ryan, 2014). 

Following the broaden-and-build theory, enhanced personal resources may increase 

these nurses’ positive emotions (joy, interest, contentment, and love), thus enriching their 

resilience (Fredrickson, 1998). As a result, nurses with high resilience may cope better 
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with high job demands. Overall, data drawn from this research highlighted that the study-

specific job demands-recovery framework, integrated with the four theories, guided this 

research appropriately. 

 

The utilisation of the study-specific job demands-recovery framework to analyse 

objectively measured physical activity is a key feature of this research. It is worth noting 

that this framework was developed based on the job demands-resources model (Bakker 

& Demerouti, 2007) that was utilised in the systematic review in Chapter 2. It should also 

be noted that this research result (resilience was positively associated with physical job 

demands) is different from the conclusion (resilience was negatively related to job 

demands) in the systematic review. In Chapter 2, the systematic review process involved 

assessing 38 articles, published between 2000 and 2018, from five databases and found 

that resilience was negatively associated with job demands (work stress, burnout, 

posttraumatic stress disorder, workplace bullying, fatigue, anxiety, and depression). The 

finding indicated that the majority of previous resilience studies focused on nurses’ 

psychological issues when they explored the associations between resilience and job 

demands. Unlike these earlier studies, this research used objective accelerometry 

measurement and examined the associations between resilience and job demands from 

nurses’ physical behaviours. A recent systematic review assessed 63 articles, finding that 

accelerometry is a more effective technique for measuring adult physical activity (Dowd et 

al., 2018). Therefore, ICU nurses’ physical workloads were more accurately recorded 

using the accelerometry measurement than with a subjective measurement. Overall, 

following the study-specific job demands-recovery framework, exploration of the 

objectively measured ICU nurses’ physical job demands and recovery as well as 

associations with resilience is one of the key characteristics of this research. 

 

8.4 Review of Resilience Concept and Measurement   

The resilience concept review was to help gain a better understanding of the 

definition of resilience and its measurement. As previously mentioned, 38 quantitative 

articles were systematically reviewed in Chapter 2. It was identified that resilience is a 
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mediator, protector, buffer, ameliorator, and aid to increasing nurses’ inner strength when 

facing high levels of job demands (Abdollahi et al., 2014a; Arrogante et al., 2017; Hsieh, 

Chen, Wang et al., 2016; Kutluturkan et al., 2016; Mealer, Jones, Newman et al., 2012). It 

was also identified that resilience is a nurse’s adaptability, innate resource, and capacity 

during a transforming process (Grafton et al., 2010; Jackson et al., 2007; Zhou et al., 

2017). These findings are supported by Aburn et al. (2015) who identified the five 

dimensions of resilience as a process of overcoming adversity, a capacity of adaptation, a 

multidimensional concept, a form of mental immunity, and an ability of recovery. These 

findings are also in line with a systematic review by Chmitorz et al. (2018) who reviewed 

43 randomised controlled trials, published between 1979 and 2014, and highlighted that 

resilience is a dynamic process where an individual’s adaptability can be potentially 

developed. It can be seen that resilience cannot be defined from one perspective, and 

understanding the multidimensional construct of resilience can help identify the multiple 

associated factors to develop resilience interventions for ICU nurses’ health promotion.  

 

Various resilience measures were identified in literature due to the 

multidimensional characteristics of resilience (discussed in Chapter 2). The Connor-

Davidson Resilience Scale 25 was selected for this research to measure ICU nurses’ 

resilience because of its high reliability (Cronbach’s alpha = .93) and widespread use 

(Davidson & Connor, 2018). This scale includes 25 questions measuring five factors 

classified as tenacity, strength, self-efficacy, self-control, and spiritual influences (Connor 

& Davidson, 2003). These five factors indicate that resilience, influenced by personal 

health status, is measurable, modifiable and treatable using the Connor-Davidson 

Resilience Scale (Connor & Davidson, 2003). Yet, the factors (ICU nurses’ physical job 

demands and recovery) associated with resilience, measured using this scale, appeared 

unlikely to be interpreted. Potential reasons for this have been noted but cannot be 

confirmed due to the nature of a cross-sectional study (mentioned in the previous 

section).  
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Chmitorz et al. (2018) proposed an outcome-oriented definition of resilience, 

where resilience, as a dynamically adaptive process, can possibly be developed. The 

current research utilised this approach and interpreted the finding of resilience and job 

demands as “highly resilient nurses had a high level of physical activity at work”. 

Similarly, this research explained the result of resilience and recovery as “highly resilient 

nurses had shorter sleep duration during leisure time”. Therefore, the utilisation of 

Chmitorz’s outcome-oriented resilience definition enabled the researcher to interpret 

these research findings more judiciously, compared to the use of a composite of five 

resilience factors in the Connor-Davidson Resilience Scale 25.  

 

8.5 Key Findings   

Integrating the results of Studies 1, 2 and 3 revealed two key findings which are 

detailed in the following sections.  

 

8.5.1 Finding 1: A need to enhance resilience.  

In this research, it was identified that a low resilience level existed in this study 

cohort. It is clear from existing research that finding ways to enhance resilience is 

necessary to help nurses achieve superior work engagement, improve job outcomes, and 

reduce turnover (Hartmann, Weiss, Newman, & Hoegl, 2020). This finding was in line with 

the conclusion from the systematic review presented in Chapter 2, where resilience is a 

protector against adversity (Yu et al., 2019). In corroboration of this finding, a previous 

study surveyed 63 nurses from a home health care organisation in the Netherlands and 

found that resilient nurses (high self-efficacy and optimism) perceived job demands as 

positive challenges and subsequently engaged better in work (Bakker & Sanz-Vergel, 

2013). Similarly, Ceschi et al. (2017) collated data from 208 employees working for 

private companies in three different Italian organisations. The study identified that job 

demands were not necessarily considered negative, as resilient employees were able to 

control themselves to fit into the work environment, turning “bad” work situations into 

“good” circumstances (Ceschi et al., 2017). It can be seen that resilient employees have a 
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positive attitude towards job demands, thus engaging in work better, compared to less 

resilient workers.  

 

The finding identified the need to enhance resilience, which is corroborated by a 

2-wave longitudinal study conducted with 211 Chinese health care workers in Hong Kong 

and Mainland China (Siu et al., 2009). By using a 10-item resiliency scale, the study 

examined participants’ resilience levels (Siu et al., 2009). It also tested the level of 

immunoglobulin A (IgA) from 33 saliva samples out of the 211 respondents, expecting 

that resilient individuals had higher levels salivary IgA (Siu et al., 2009). Salivary IgA is an 

immune marker, and people with respiratory diseases and higher stress levels have lower 

levels of salivary IgA (Siu et al., 2009). In addition, the study assessed participants’ 

quality of life, work-life balance, job satisfaction, injuries at work, and physical and 

psychological symptoms by using different previously developed scales (Siu et al., 2009). 

Overall, the study identified that resilient employees were more satisfied with personal 

and work life and suffered less stress or work injuries and that resilience was positively 

associated with IgA (Siu et al., 2009). Therefore, the study recommended that recruiting 

employees with high resilience could help reduce hospital expenditure in the long run in 

terms of absenteeism, illness, and injuries (Siu et al., 2009). However, it can be argued 

that if considering resilience as a dynamic process rather than a personal trait, resilience 

has the potential to be developed, depending on personal and social resources 

generated by the work environment (Ceschi et al., 2017; Chmitorz et al., 2018).  

 

Moreover, the finding identified the need to enhance resilience, which is in line 

with a pilot study that investigated resilience in 44 American oncology nurses (Pipe et al., 

2012). This pilot study identified that resilient nurses utilised positive coping strategies to 

increase their inner strength, thus attenuating the side effects of stress (Pipe et al., 2012). 

Therefore, the finding of a need to enhance resilience indicates that resilience can help 

nurses refuel their energy reservoirs, reduce resource loss, and increase work 

engagement. Resilience may also help minimise health impairment from a high physical 

workload, retain nurses in the workforce, and reduce turnover costs. Overall, enhancing 



                                                                                                         Chapter 8: Discussion  

 176 

resilience is essential for ICU nurses to reduce their stress levels, adapt to high job 

demands, increase job satisfaction, and balance work and personal life, thus improving 

their job engagement and potentially reducing turnover.  

 

In terms of job outcomes, the thesis finding of a need to enhance ICU nurse 

resilience echoes a recent cross-sectional study with 230 Sri Lankan nurses; results 

showed that highly resilient individuals had high levels of nursing performance in six 

domains: education, planning, critical care, leadership, interpersonal relationships, and 

professional development (Walpita & Arambepola, 2020). Similarly, another study 

examined 2,063 adults (18 to 64 years old) through a web-survey and reported that 

resilient workers had a better psychological status and greater work outcomes (Shatté, 

Perlman, Smith, & Lynch, 2017). Moreover, a longitudinal study was conducted with 234 

employees and 45 managers from a South Korean IT company (Shin, Talor, & Seo, 

2012). The study revealed that resilience helped employees develop a high-quality 

positive relationship with their organisations, and resilient individuals appeared more 

committed and adaptive to changes at work (Shin et al., 2012). In turn, a healthy 

workplace may provide more interventions to help build personal resources to improve 

employees’ well-being and work performance (Nielsen et al., 2017). Therefore, this 

finding of a need to enhance resilience reveals that resilience is a bridge to a productive, 

innovative, and virtuous workplace and that resilient nurses can work together with 

organisations to foster a supportive environment. This finding shows that nurses with 

enhanced resilience can nurture themselves (e.g., hope), share their happiness with 

others (e.g., joy and gratitude), and fuel their motivation (e.g., interest, inspiration, and 

pride) (Froman, 2010). Overall, boosting resilience is necessary for ICU nurses, the 

workplace, and organisations to improve their job outcomes, reduce turnover, and 

enhance nurse well-being.  

   

8.5.2 Finding 2: A need to promote physical activity. 

In this research, it was identified that there were a low number of ICU nurses with 

optimal activity profiles in the study sample. This finding suggests that it is imperative to 
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enhance ICU nurses’ leisure time physical activity, reduce sedentary behaviours, and 

promote healthy lifestyles to lower the risk of the physical activity health paradox. As 

mentioned previously, the physical activity health paradox refers to health outcomes 

related to occupational and leisure time physical activity (the positive health effects of 

leisure time physical activity vs. the negative health effects of occupational physical 

activity) (Holtermann et al., 2020). This finding is supported by the study that utilised 

accelerometers and measured 929 blue-collar workers’ physical activity in Denmark over 

five days (Gupta et al., 2020). The study identified that the more time the participants 

spent on moderate to vigorous physical activity in leisure time, the lower the risk of long-

term sick leave they had, and the lower the possibility of experiencing the physical activity 

health paradox (Gupta et al., 2020). The finding, a need to promote physical activity, also 

aligns with a study by Zwolinsky et al. (2016) which hierarchically clustered physical 

activity data collated from 22,836 adults in the United Kingdom between 2013 and 2014. 

The study identified that most female participants who self-reported high levels of 

sedentary behaviour exhibited low levels of moderate to vigorous physical activity 

(Zwolinsky et al., 2016). Interestingly, research has shown that long-time uninterrupted 

sitting behaviour may be an important indicator of cancer, cardiometabolic conditions, and 

all-cause mortality (Eanes, 2018).  

 

Furthermore, another study analysed the healthy behaviours and the 

occupational and leisure time physical activity of 623 nurses who had professional 

development training sessions at a university in London, identifying a need for the 

promotion of physical activity to enhance nurse well-being (Bakhshi, Sun, Murrells, & 

While, 2015). Indeed, enhanced physical activity and adequate sedentary time, combined 

with good quality of sleep, could help reduce nurses’ total mood disturbance and shift 

work disorder (Hajo et al., 2020). More frequent physical exercise, coupled with healthy 

eating, could also help nurses experience less stress and reduce the negative effects of 

sedentariness (Ross et al., 2019), thus reducing the risk of the physical activity health 

paradox (Gupta et al., 2020). Therefore, strategies for mitigating the negative effects of 

the physical activity health paradox and promoting optimal activity profiles are warranted 
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to increase ICU nurses’ autonomous motivation to promote their leisure time physical 

activity and healthy lifestyles. Increased leisure time physical activity may help ICU 

nurses decrease their sedentary behavioural levels, thus reducing the amount of sick 

leave taken and lowering the risk of cardiovascular diseases.  

 

The finding, a need to promote physical activity, also indicates that workplace 

support is needed to promote nurses’ physical activity, which is in line with previous 

studies (Conn, Hafdahl, Cooper, Brown, & Lusk, 2009; To, Chen, Magnussen, & To, 

2013). A meta-analysis study reviewed 7,251 papers published between 1969 and 2007 

through 11 computerised databases and analysed physical activity interventions in 

workplaces (Conn et al., 2009). This review identified that physical activity promotion 

programmes should be developed to allow employees to participate in health-promotion 

levels of physical activity at work, and this could enhance their health and job outcomes 

(Conn et al., 2009). Similarly, another systematic review examined 20 articles published 

between 2000 and 2010 from five databases and emphasised that physical activity 

interventions should be implemented during work time to increase employees’ 

sustainability (To et al., 2013). Therefore, it is necessary to conduct workplace physical 

activity interventions with nurses to enhance their well-being and the quality of patient 

care. Yet, careful thought and planning are needed to implement workplace physical 

activity interventions that are appropriate to the unique ICU work environment. 

    

Further research corroborates the need for workplace physical activity 

interventions (Dugdill, Brettle, Hulme, McCluskey, & Long, 2008; Malik, Blake, & Suggs, 

2014). A systematic review assessed 30 articles published between 1996 and 2007 from 

12 databases and grey literature (Dugdill et al., 2008) and documented that workplace 

physical activity interventions could positively affect employees’ physical activity 

behaviours; however, research on this subject was underreported (Dugdill et al., 2008). 

Furthermore, another systematic review evaluated 58 studies published up to 2011 from 

six databases and identified that the interventions for workplace physical activity could be 

useful; still, more studies were needed to assess their effectiveness (Malik et al., 2014). 
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Therefore, it is necessary to develop well-designed workplace physical activity 

interventions to effectively improve ICU nurses’ health, work behaviours, and job 

outcomes, which may help enhance their resilience. In turn, improved resilience may 

assist ICU nurses in better coping with their physical job demands and adapting to their 

work environments.  

 

Several strategies can be utilised for physical activity promotion in the workplace. 

These include counselling, health promotion programmes, health checks, fitness facilities, 

or group-based behavioural skills training (Dugdill et al., 2008; Malik et al., 2014; 

Marshall, 2004). Health signs or messages in the workplace can be used to help improve 

nurses’ healthy physical activity behaviours (e.g., a sign encouraging nurses to use the 

stairs instead of the lift) (Dugdill et al., 2008). Health educational information on physical 

activities, such as walking or cycling, facilitated by goal setting, diaries, or pedometers, 

can help encourage nurses to improve their physical activity behaviours (Dugdill et al., 

2008). Additionally, yoga programmes, along with cognitive behavioural therapies, can 

help nurses achieve a better mental health status, which may have a positive impact on 

their physical activity behaviours (Chu, Koh, Moy, & Müller-Riemenschneider, 2014). 

These strategies may not currently be available in the workplace because of their costs or 

due to practical reasons. However, an investment in these strategies may help improve 

nurses’ health, thus reducing the amount of nurses’ sick leave and ultimately decreasing 

expenditure. In addition, a workplace with these strategies may become more attractive to 

nurses, thus increasing nurse retention. Moreover, nurses may utilise the knowledge 

derived from these workplace strategies to guide their leisure time physical activity. 

Therefore, these strategies can be recommended to managers and organisations to 

promote workplace physical activity for ICU nurses, which may assist in boosting their 

resilience. 

 

Many scholars have studied the effectiveness of workplace physical activity 

promotion interventions. Some argued that it was challenging to affirm whether 

supervised and unsupervised exercise sessions had a significant impact on individuals’ 
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physical activity behaviours due to heterogeneity among the studies (Conn et al., 2009). 

However, exercise sessions (both supervised and unsupervised) could help lower 

cholesterol levels, improve weight loss, decrease job stress, and increase job satisfaction 

and work attendance (Conn et al., 2009). Evidence showed that a pedometer was an 

effective walking intervention to increase daily step counts and that workplace counselling 

positively affected physical activity behaviours (Dugdill et al., 2008). Nevertheless, in a 

systematic review, the majority of studies identified that workplaces often used messages 

or information (e.g., information signs or brochures) as physical activity promotion 

interventions (Malik et al., 2014). Yet, few studies found that the utilisation of an actual 

exercise class or physical activity components, such as pedometers or accelerometers, 

were involved in the promotion of physical activity at work (Malik et al., 2014). Overall, 

this systematic review revealed that inconsistent conclusions were reached about these 

interventions (e.g., counselling, exercise, physical activity promotion messages, or group-

based training) and those that had the highest impact on improving employees’ physical 

activity behaviours (Malik et al., 2014). Indeed, the utilisation of information signs or 

brochures in the workplace may have a low cost but less attraction to ICU nurses for 

physical activity promotion. Instead, group-based training, increased workplace exercise 

facilities, and the use of pedometers or accelerometers may stimulate ICU nurses’ 

interest, thus enabling them to become more physically active. 

 

Some factors may be a barrier to implementing workplace physical activity 

interventions as well as promoting nurses’ leisure time physical activity. These may 

include an individual’s activity preferences, built environment designs, work facilities, and 

sleep behaviours. For instance, some nurses may have a preference for sedentary 

activities and often use “too busy” as an excuse to avoid any organised workplace health 

promotion physical activities. Therefore, innovative interventions, such as using 

accelerometers or pedometers, may help them change their physical activity behaviours 

(Marshall, 2004). A lack of pedestrian walkways or cycling lanes may have a negative 

impact on those who prefer to walk or ride a bike for exercise or transport. Streetscape 

infrastructure is needed to create a safe environment for walking and cycling, and this 
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may help increase individuals’ physical activity levels (Smith et al., 2017). Insufficient 

work facilities, such as shower rooms, lockers, or bicycle storage, may be barriers to 

promoting workplace physical activity (O’Donoghue et al., 2016). Additionally, some 

nurses may have a poor quality of sleep due to shift work (Booker, Magee, Rajaratnam, 

Sletten, & Howard, 2018), and this may also be a barrier to promoting physical activity at 

work or during leisure time. Therefore, moderate intensity physical activity, such as yoga 

programmes along with training in mind-body skills, may help enhance nurses’ sleep 

outcomes, consequently improving their physical activity behaviours (Kemper et al., 2015; 

Vanderlinden, Boen, & van Uffelen, 2020; Wang & Boros, 2021). Overall, the strategies, 

such as the use of accelerometers or pedometers, promotion of safe biking or walking 

environments, an increase of workplace exercise facilities, or implementation of yoga 

programmes, may help ICU nurses overcome these barriers by engaging in and 

promoting physical activity in the workplace and during leisure time.     

      

8.6 Summary 

This chapter has summarised the findings from this thesis and reviewed the job 

demands-recovery framework integrated with the three theories (conservation of 

resources, self-determination, and broaden-and-build). It has also reviewed the resilience 

concept and measurement and provided two key findings from this research. The first key 

finding, a need for enhancing resilience, is to help nurses achieve better work 

engagement and improved job outcomes. The second highlights that it is imperative to 

increase nurses’ physical activity at the workplace and leisure time. These findings 

underline the core tenet of the conservation of resources, self-determination, and 

broaden-and-build theories. The two key findings may help in initiating strategies to 

promote nurse resilience and physical activity to build a healthy workplace and reduce the 

risk of the physical activity health paradox. Finally, this chapter discussed several 

workplace strategies for physical activity promotion, the effectiveness of these 

interventions, and the barriers to promoting nurses’ physical activity. The next chapter 

presents the conclusions from this research, including a summary of contributions to new 
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knowledge, an assessment of the strengths and limitations of this research, and 

recommendations for future ICU nurse practice and management.  
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Chapter 9: Conclusions 

 

9.1 Introduction  

This chapter revisits the study aims, recapitulates the novel contributions of this 

research to the existing body of international literature, and discusses the strengths and 

limitations of this research. It also provides recommendations for nursing practice, future 

research, and policymaking. Additionally, this chapter describes the author’s reflections 

on learning during her PhD study journey.  

 

9.2 Revisiting the Study Aim 

This study aimed to identify ICU nurses’ resilience levels and associations with 

personal factors as well as physical activity behaviours, following a developed study-

specific job demands-recovery framework. It also sought to describe ICU nurses’ physical 

work activity patterns during a 12-hour day shift and a 12-hour night shift. In addition, this 

study aimed to analyse the clustered physical activity profiles and associations with 

resilience. This thesis has described the research steps to achieve these study aims and 

illustrated the constructed knowledge in this field. These novel contributions are listed in 

Chapter 1 and are summarised in the following section.  

 

9.3 Contributions to New Knowledge  

The novel contributions from Chapters 2, 5, 6, and 7 are described below. 

Chapter 2 is the first systematic review to identify the personal and work-related factors 

associated with nurse resilience, following the job demands-resources model. Through 

the systematic review process, 38 quantitative studies from 1,482 articles were selected. 

Data were extracted and tabulated on personal and work-related factors in association 

with resilience from these studies within the categories of job demands and resources. 
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Finally, the data were narratively synthesised, and it was concluded that inconsistencies 

existed in personal factors in association with resilience and that resilience was positively 

related to job resources but negatively to job demands. In this study, coping skills, self-

efficacy, social support, job satisfaction, job retention, and general well-being were 

categorised as job resources. Stress, burnout, posttraumatic stress disorder, fatigue, 

anxiety, depression, and workplace bullying were classified as job demands. These 

findings from the systematic review in Chapter 2 have provided the first evidence on the 

personal and work-related factors associated with resilience and on how resilience is 

connected to the job demands-resources model. Since the article in Chapter 2 was 

published in the International Journal of Nursing Studies in May 2019, it has been cited 

by 102 studies in relation to the nursing field (sourced from Google) and viewed by 

10,551 people (sourced from Mendeley).    

 

Chapter 5 is the first study to identify the associations between resilience and 

objectively measured ICU nurses’ physical activities over four consecutive days (two 

workdays followed by two nonworkdays), using accelerometry measurement and 

following a job demands-recovery framework. In this study, the physical activity data were 

collated from 93 participants over four days (two workdays followed by two nonworkdays). 

Analysis of results identified that resilience was positively associated with physical job 

demands during two 12-hour shifts but negatively related to recovery (sleep duration) 

during two nonworkdays. This study found that marital status (being married vs. being 

single) and religious beliefs (religiousness vs. nonreligiousness) were associated with 

resilience. These findings from Chapter 5 provided the first evidence of how ICU nurses’ 

resilience was related to their physical work activity, recovery during leisure time, and 

sociodemographic factors, using objective accelerometry measurement.   

 

Chapter 5 is the first study to introduce dynamic standing, as a novel approach, 

into the nursing field to describe nurses’ unique physical work activity behaviour in the 

ICU work environment. In this study, ICU nurses’ dynamic standing was defined as 

standing with slight movement when performing their physical nursing tasks. This 



                                                                                                      Chapter 9: Conclusions  

 185 

differentiation between standing and dynamic standing is essential to ICU nursing, as 

dynamic standing represents a greater proportion of ICU nurses’ physical tasks. For 

example, while an ICU nurse looks after a patient with a high acuity level, he or she may 

need six or more intravenous syringe drivers for the patient’s medication supply. 

Therefore, nurses spend a lot of time preparing medication and syringe changes in a 

dynamic standing position. Results from this research revealed that resilience was 

associated with dynamic standing (Chapter 5) and that a high level of dynamic standing 

existed during a 12-hour shift (Chapter 6). Nevertheless, more evidence is needed to 

analyse dynamic standing under various clinical settings and its association with 

resilience.  

 

Chapter 6 is the first study to identify, analyse, and describe the objectively 

measured ICU nurses’ physical work activity behavioural patterns during a 12-hour shift. 

As it was identified that resilience was positively associated with physical job demands in 

Study 1 (Chapter 5), it was considered that a better understanding of ICU nurses’ 

physical workloads during a shift was needed. After reviewing the literature, it was found 

that most previous research focused on subjectively measuring ICU nurses’ physical 

workloads and that none of the previous studies objectively measured and described ICU 

nurses’ physical activity behavioural patterns within a specific time period. Accordingly, 

using the accelerometer data, this study focused on identifying the composition of ICU 

nurses’ physical work activities and describing their physical activity behavioural patterns 

through the course of a 12-hour shift. The evidence could help ICU nurse managers 

identify nurses’ physical workloads in a specific period during a 12-hour shift. These 

findings, along with the time-series graphs of physical activity patterns during the course 

of a 12-hour shift, are unique in the extant literature.    

 

Chapter 7 is the first study to profile ICU nurses’ physical activity behaviours 

using clusters of activity patterns and to identify the associations between clustered 

physical activity profiles and resilience within the context of the physical activity health 

paradox. Through searching the literature, it was found that no research had previously 
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utilised accelerometry to identify a group of ICU nurses’ physical activity profiles. It was 

also identified that no one had thought to introduce the concept of the physical activity 

health paradox into the nursing (especially ICU nursing) field. Accordingly, the study 

sample (N = 93) was categorised into four physical activity clusters. This study then 

analysed the characteristics of the four physical activity profiles and associations with 

resilience. Therefore, it was concluded that a low number of nurses had optimal activity 

profiles and high resilience, and these nurses were less likely to display the physical 

activity health paradox. Even though this study identified that resilience was not 

associated with the ICU nurses’ physical activity profiles, the objectively measured results 

have provided managers with distinctive evidence on the need to promote ICU nurses’ 

physical activity.      

 

9.4 Strengths and Limitations 

Several strengths and limitations exist in this research. A framework (Appendix X) 

for resilience study assessment, proposed by a recent systematic review (Chmitorz et al., 

2018), was drawn upon to identify the strengths and limitations of this research. Following 

this framework (Chmitorz et al., 2018), the strengths of this research design were 

identified as an outcome-oriented (as opposed to trait-specific) resilience definition, 

description of sample size determination, specific inclusion and exclusion criteria, reliable 

measurement used, resilience as a primary outcome, unbiased result reporting, and clear 

participant flow diagram. Specifically, the objective accelerometry measurement for 

measuring physical activity reduced the bias from the subjective measurement (e.g., self-

reported physical activity levels) (Chappel et al., 2017), thus having given credence to this 

study. High compliance (87.7%) of participants’ wearing accelerometers and a reliable 

measurement tool (Connor & Davidson, 2003) for resilience assessment have also 

contributed to the reliability of this study.  

 

Notably, the research findings have contributed new knowledge to the existing 

international literature, which has significantly strengthened this research. The new 

knowledge included the first study to identify the associations between resilience and ICU 
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nurses’ physical job demands and recovery as well as the first study to describe ICU 

nurses’ physical activity patterns during a 12-hour shift. It also incorporated the first study 

to analyse the associations between resilience and the clustered ICU nurses’ physical 

activity profiles as well as the first study to introduce dynamic standing to reflect ICU 

nurses’ unique physical nursing activities.      

 

Several limitations must be acknowledged in this research. A quantitative design 

with a structured cross-sectional survey, along with an objective measurement, provided 

the researcher with rich scientific data for rigorous analysis to identify the valuable 

findings. However, a highly structured format in the quantitative design may overlook the 

information gleaned from participants; therefore, qualitative research can compensate for 

this limitation (Hickson, 2008). As the quantitative phase consumed a large amount of 

time and energy, conducting qualitative research was not practical due to time restraints. 

Accordingly, future research should involve a qualitative phase that would enable a 

deeper understanding by exploring ICU nurses’ and managers’ views regarding resilience 

and its associated factors. 

 

Another limitation of this research was that the use of accelerometry meant it was 

not possible to determine whether the participants were undertaking physical exercise or 

housework during leisure time. Therefore, preparing a log for participants to record their 

exercise diary on their nonworkdays would have helped the researcher identify the “real” 

times when they were exercising. 

 

In addition, selection bias may have existed, as this study utilised purposive 

sampling (Hickson, 2008). The participants in this study were specialised ICU nurses 

from four units in Auckland, New Zealand, and they provided abundant research 

information in relation to the study aims and objectives. However, the study findings may 

not be generalised to other ICU nurses from the same or other units from different areas 

in New Zealand. Therefore, conducting a clustered randomised controlled trial with 
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nurses from intensive care units throughout New Zealand would reduce the selection 

bias, thus increasing the generalisability in future studies.  

 

Finally, sleep duration during leisure time was the only recovery factor that was 

found to be related to resilience in this study, and this relationship was negative. Sleep is 

a complicated factor that may be related to nurses’ shift work, general health, and 

working conditions (Edéll-Gustafsson et al., 2002). However, this study only subjectively 

examined participants’ sleep quality over the last 30 days, the use of sleep medication, 

and their sleep hours over four days (two workdays followed by two nonworkdays). This 

research finding showed that resilient nurses had lower sleep duration on their 

nonworkdays (leisure time), meaning that they possibly had good sleep quality and 

healthy sleeping behaviours, compared to those who were not resilient. Therefore, in 

future research, more detailed questions about sleep should be in the online survey, 

covering topics such as participants’ medical history, psychological issues, and sleep 

behaviours. These would give researchers insight into nurses’ sleep duration during 

leisure time, which may help further understand its association with resilience. 

 

9.5 Recommendations 

Based on the integrated findings of this research, recommendations are provided 

for nurses, managers, intensive care units, and healthcare organisations. In addition, 

future research, education, and policymaking are discussed in relation to this research.  

 

9.5.1 Recommendations for nursing practice. 

This research identified that a low level of resilience existed in the study cohort; 

therefore, resilience training programmes may be useful to ICU nurses. Evidence 

suggests that a number of ICU workplace programmes may be successful in promoting 

ICU nurses’ resilience. Specific ICU-based programmes to enhance resilience include 

mindfulness-based cognitive therapy (Mealer, Hodapp et al., 2017), a 2-day resilience 

educational workshop (Mealer et al., 2014), a 5-session resilience training intervention 
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(Babanataj, Mazdarani, Hesamzadeh, Gorji, & Cherati, 2019), and mindfulness in motion 

(Klatt et al., 2015).  

 

These four resilience programmes for ICU nurses are discussed further in this 

paragraph. Mindfulness-based cognitive therapy (consisting of didactic exercises and 

mindfulness practices) was designed to help ICU nurses develop a new relationship with 

their emotions, thoughts, and bodily sensations, thus interrupting their negative thoughts 

and feelings (Mealer, Hodapp et al., 2017). The 2-day resilience educational workshop 

included written exposure therapy, mindfulness-based stress reduction, and event-

triggered counselling sessions (Mealer et al., 2014). Findings from the study revealed that 

this workshop assisted ICU nurses in reducing their stress levels, increasing confidence, 

and enhancing self-care behaviours (Mealer et al., 2014). The 5-session resilience 

training intervention was designed for ICU nurses, and these sessions included knowing 

the characteristics of resilience, the associated factors, and ways to develop resilience, 

such as developing self-determination, self-confidence, and self-care (Babanataj et al., 

2019). Finally, the programme, mindfulness in motion, was a mindfulness-based 

workplace intervention that taught ICU nurses the mindful awareness principles and 

gentle yoga stretches while playing relaxing music in the background to reduce their 

stress levels (Klatt et al., 2015). It can be seen that mindfulness training was involved in 

three of the four resilience training programmes mentioned above. Therefore, it is 

recommended that some form of mindfulness training needs to be considered in intensive 

care units to foster nurses’ resilience.   

 

Studies have shown that workplace resilience training improves ICU nurses’ 

resilience and enhances their work engagement. One example of a successful resilience 

intervention study was the programme mindfulness in motion, delivered to 34 American 

ICU nurses over eight weeks (Klatt et al., 2015). In this programme, the study assessed 

the participants’ resilience levels using the Connor-Davidson Resilience Scale 10 and 

their work engagement following the 9-item Utrecht Work Engagement Scale at one week 

before and eight weeks after delivering the programme (Klatt et al., 2015). The study 
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found that these participants’ resilience levels and their work engagement in terms of their 

sense of vigour towards work were significantly higher after completing this programme, 

compared to those before the programme started (Klatt et al., 2015). The study also 

required each participant to count their breaths over 30 seconds and record them on a 

log at the beginning and end of each session (Klatt et al., 2015). The study found that the 

participants’ respiratory rates were lower at the end of each session, compared to those 

at the beginning of the session, indicating that the participants were more relaxed after 

each training session (Klatt et al., 2015). Another example of a resilience intervention 

study was the 5-session training programme. In this programme, the study provided 30 

Iranian ICU nurses from seven units with five sessions of 90-120 minutes duration 

(Babanataj et al., 2019). Utilising the Connor-Davidson Resilience Scale 25 and 

Expanded Nursing Stress Scale, the study examined the participants’ resilience and 

stress levels before and two weeks after the programme, finding the effectiveness of the 

intervention (Babanataj et al., 2019). Overall, these studies show the potential impact that 

workplace programmes can have on ICU nurses’ resilience, which may help enhance 

their well-being and job outcomes. However, they did not report whether these 

programmes had any long-term benefits to ICU nurses who continuously worked in a 

stressful environment. Therefore, based on the framework (Appendix X) proposed by 

Chmitorz et al. (2018), two follow-up resilience assessments (in six months and one 

year), after conducting a resilience intervention, would be necessary to identify the long-

term effects of these programmes on those ICU nurses.  

 

This research also identified that a low number of nurses had optimal activity 

profiles and they were less likely to display the physical activity health paradox. 

Therefore, strategies for physical activity promotion could be offered to ICU nurses in the 

workplace. Examples include a work-life balance campaign, counselling, health checks, 

and provision of fitness facilities (or subsidised/free memberships to facilities) (Dugdill et 

al., 2008; Malik et al., 2014; Marshall, 2004; Ross et al., 2019). Other strategies, such as 

supervised or unsupervised exercise sessions (Conn et al., 2009), physical activity 

promotion signs, or the utilisation of a pedometer or accelerometer for daily walk step 
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counts (Dugdill et al., 2008), may help improve ICU nurses’ physical activity. The 

effectiveness of these strategies and the barriers to implementation have been discussed 

in Chapter 8 (section 8.5.2). Moreover, these strategies may also be useful to encourage 

nurses to participate in physical activity during leisure time.   

 

This research found that a high level of physical work activity was involved with 

ICU nurses during a 12-hour shift. Therefore, several recommendations are made for 

intensive care units and healthcare organisations to help nurses reduce their high 

physical work activity or recover from their high job demands. A sufficient, well-organised, 

and restful environment for nurses’ tea and meal breaks and a reduction in nursing tasks 

between 02:00 and 04:00 are recommended. A sufficient break in a restful environment 

could help nurses restore their energy and mitigate the adverse effects of high job 

demands (Fallis et al., 2011; Hajo et al., 2020; Wendsche et al., 2017). A group-based job 

design (e.g., working as partners) for better teamwork could be considered to increase 

the workplace support (Nielsen et al., 2017). Workplace redesign (e.g., designing a 

‘healing garden’) to create a visually and physically comfortable space could also be 

considered to offer ICU nurses with a positive distraction from their stressful, emotional, 

and highly demanding work situations (Lepore & Revenson, 2006). Overall, these 

recommendations may help reduce the levels of ICU nurses’ physical work activity and 

restore their energy to accommodate heavy job demands, thus enhancing resilience.    

 

Additionally, this research revealed that married or religious nurses had a higher 

level of resilience than single or nonreligious nurses. Literature has shown that a settled 

couple with a good marital relationship may be more satisfied with their life and tolerate 

stress better, thus having a higher level of resilience (Huang et al., 2018; Melvin et al., 

2012). Accordingly, a club or website to set up a social network is recommended at the 

workplace, as engaging in more social activities to connect with others may help reduce 

nurses’ stress levels and improve resilience (Perera et al., 2018; Santini et al., 2015). 

Allowing nurses to pray at work, arranging a space for them to engage with their specific 

religion, and ensuring them to have a day off for participation in religious activities may 
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also benefit ICU nurses. This is because research has shown that church attendance or 

praying may help increase life satisfaction, reduce anxiety, and buffer stress to enhance 

individuals’ psychological well-being (Leondari & Gialamas, 2009; Petersen & Roy, 1985). 

Furthermore, it is believed that when religion is considered as a source of meaning and 

purpose to life, people who have a deep relationship with God may manage stress better, 

achieve greater psychological well-being, and have healthier behaviours, compared to 

nonreligious people (Chamberlain & Zika, 1992; Homan & Boyatzis, 2010). Regardless of 

religiousness or nonreligiousness, meaning in life inspires individuals to take 

responsibility for their health, exercise, and managing stress (Homan & Boyatzis, 2010). 

Therefore, a self-care for work-life balance campaign at the workplace may be useful. 

This strategy could be used to motivate religious and nonreligious nurses to reduce their 

stress levels and increase job satisfaction, thus enhancing resilience (Henwood et al., 

2012; Ross et al., 2019).       

    

9.5.2 Recommendations for research. 

Several recommendations were established for future research regarding ICU 

nurses’ resilience and physical activity, based on the findings from this study. A 

randomised controlled trial for resilience interventions could be designed and conducted 

with ICU nurses, following the framework (Appendix X) proposed by Chmitorz et al. 

(2018). This gold standard research design would help researchers appropriately assess 

the efficacy of resilience interventions in relation to ICU nurses’ job outcomes and health 

well-being. In addition, a qualitative study to help researchers better understand resilience 

from a participant’s perspective would be worthwhile. 

 

A study with a larger sample size as well as participants wearing the 

accelerometers for longer may help establish stable patterns of nurses’ work physical 

activity behaviours to better understand their physical job demands. More research is 

needed to explore dynamic standing under ICU or non-ICU clinical settings and 

associations with resilience. Future research should also consider patient acuity levels, 

nurses’ medical history, and specific nursing physical tasks such as lifting or mobilising a 
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patient when assessing nurses’ resilience and physical activity. When designing future 

research, the barriers to implementing nurses’ physical activity interventions, such as an 

individual preference for sedentary behaviours, shift schedules, or insufficient work 

facilities, need to be taken into consideration. Additionally, psychological issues such as 

fatigue, burnout, anxiety, or depression, should be included in future resilience and 

physical activity intervention studies.  

 

High research costs would be a notable consideration for future research. Several 

factors determined the research costs, which were participants’ shift schedules, the 

researcher’s travel to the research sites, and the resource supplies (accelerometers and 

medical dressings). As the participants were shift workers, arranging an accelerometer 

fitting appointment was particularly difficult and time-consuming, coupled with the limited 

number of accelerometers available. This led to an increased number of trips to the 

research sites, thus increasing the costs.  

 

This study has introduced the concept of the physical activity health paradox into 

the nursing field. The physical activity health paradox refers to the health-related 

contradictory feature of physical activity (the positive health effects of leisure time 

physical activity vs. the negative health effects of occupational physical activity) 

(Holtermann et al., 2020). It was identified that some nurses (n = 50, low actives and 

sitters) experienced high levels of sitting behaviours and low levels of leisure time 

physical activity. Therefore, it was concluded that these nurses were more likely to be 

affected by the physical activity health paradox. However, there is no specific assessment 

or tool to assess the physical activity health paradox. Therefore, further research is 

needed to develop an instrument to identify the risk of nurses’ physical activity health 

paradox.  

 

9.5.3 Recommendations for policymaking. 

Two recommendations are offered for policymaking to enhance nurses’ resilience 

and physical activity to develop a healthy workplace. The first one is a mandate for 



                                                                                                      Chapter 9: Conclusions  

 194 

nurses’ well-being, which may include that nurses receive a health check every year and 

are provided with a health promotion programme. This programme would include 

resilience and physical activity promotion as key topics in the workplace. This is because 

the research data showed that a low number of ICU nurses who exhibited high levels of 

resilience and physical activity were less likely to display the physical activity health 

paradox.  

 

Health checks could include a physical examination and a blood test for 

cholesterol levels and liver and kidney functions. Health checks and screening can be 

used as an optimal conversation starter for health promotion initiatives (Waterall, 

Greaves, Kearney, & Fenton, 2015), including discussions on physical activity, resilience, 

and recovery or sleep. This provides a systematic way of engaging in ICU nurses’ healthy 

behaviours and lifestyle modification. In New Zealand, nurses are required to have a 

minimum of 60 hours of professional development within three years (Nursing Council of 

New Zealand, 2007). Nurses are offered participation in various study sessions for 

competencies according to their workplace requirements. Therefore, it is possible that 

health promotion programmes could be integrated into their study days. 

 

The second recommendation for policymaking is an obligation for designating 

work partners (e.g., an experienced senior with a novice nurse). A group-based job 

design may help nurses support each other, thus reducing workload and creating a 

healthy work environment (Nielsen et al., 2017). This policy may be particularly beneficial 

to nurses who are new to ICU and do not have ICU nursing experience. Specifically, 

when those nurses complete their orientation (four or five weeks) and start working in ICU 

independently, an experienced nurse could be designated to work with them as a 

partnership for at least a year. During that time, the senior nurse could monitor their 

professional development, provide guidance, and share their clinical experience. This 

senior nurse would also provide an appraisal of their partners’ progress at the end of the 

year, which would be further reviewed by their manager. Such an intervention may help 

novice ICU nurses increase their confidence, adapt to the workplace better, and reduce 
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their stress levels, thus enhancing resilience. Shared goals and commitments could help 

promote the dyadic professional relationships (Carr, 2009), which may help integrate 

senior nurses’ strengths and skills into novice nurses’ practice, thus delivering a higher 

quality of patient care. Therefore, assigning a work partner may help novice ICU nurses 

practise safely and retain them in the ICU nursing workforce. This recommended policy is 

practical and at no cost to the hospital.  

     

9.6 Reflection 

Reflection is like a “mirror” that allows people to see themselves and to analyse 

what they have been through (Leshem & Trafford, 2006). Utilising the mirror, a doctoral 

candidate can see how they have matured and become a professional researcher. The 

reflective insights enable them to understand their past professional practice, guide future 

outcomes, and increase the reservoirs of their learning resources (Leshem & Trafford, 

2006). Throughout my 3-year PhD study, I have come to realise that the journey is full of 

commitments, challenges, excitement, frustration, and joy. I have also discovered that 

conducting a PhD study can be extremely time-consuming, incredibly demanding, and 

sometimes stressful. Supported by my supervisors, I have successfully transformed from 

a master’s student to a professional researcher. Reflecting on this journey, I consider that 

self-regulated learning is the most critical skill that I have gained, and it was key during 

my transformation.  

 

Self-regulated learning means that individuals master their learning process to 

achieve set goals (Stracke & Kumar, 2010). With this, I explored unknown territory, 

perceived barriers as challenges, and took feedback to guide my learning. Self-regulated 

learning is a platform that enables me to develop knowledge and transfer my skill set from 

one context to another. Using this skill, with my supervisors’ support, I have learned how 

to systematically review the literature and analyse the complex quantitative data. These 

learnings included bivariable analysis, multivariable analysis, hierarchical clustering, and 

a rudimentary understanding of R language for statistical analysis. Furthermore, I have 

learned to take a multidisciplinary approach to my research with regard to workplace 
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health, ICU nursing, and physical activity promotion. Additionally, the feedback from my 

supervisors and the journal reviewers helped direct and regulate my learning, which has 

significantly improved my academic writing.  

 

Self-organisation is another essential skill that I have acquired during my PhD 

study, and this was particularly obvious while conducting the research. Arranging and 

fitting accelerometers to participants in four different areas of Auckland was difficult due 

to nurses’ work schedules, traffic, and limited resources. Additionally, living in Hamilton (a 

2-hour drive from Auckland) made conducting the research more difficult. However, I 

managed it well and recruited 132 participants who signed the consent forms, of which I 

am very proud. 

 

Finally, self-discipline is another learning reflection gained through the 3-year 

PhD study. I have made some basic tenets to follow to help me learn. These principles 

are: (1) learn a couple of new words every day (as English is my second language), (2) 

be open to taking advice, and (3) learn from my mistakes. 

 

Overall, with these learning skills, I fully committed to the 3-year PhD study, 

bravely faced the challenges, and strategically overcame the difficulties. On completion of 

this study, I am proud of what I have achieved. 

  

9.7 Summary 

This concluding chapter revisits the study aim, summarises the contributions to 

nursing knowledge, and describes the strengths and limitations of this research. It also 

provides recommendations for nursing practice, future research, and policymaking. 

Several training programmes for resilience and strategies for physical activity promotion 

are described and recommended for nursing practice. These resilience training 

programmes included mindfulness-based cognitive therapy, resilience educational 

workshops, resilience training sessions, and mindfulness in motion. The strategies for 

workplace physical activity promotion included a work-life balance campaign, counselling, 
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health checks, exercise sessions, and the use of a pedometer or accelerometer for daily 

step counts.  

 

Several recommendations for nursing research are described in this chapter. The 

utilisation of a randomised controlled trial for future research would be beneficial to 

identify the effects of resilience interventions. Utilising a qualitative method alongside 

quantitative research in future studies would help researchers further understand 

resilience from the participant’s perspective. Obtaining a larger study sample may help 

identify further nurse resilience and associations with physical activity. In addition, a scale 

to assess the physical activity health paradox would be useful for researching nurses’ 

well-being.  

 

This chapter also delineates several recommendations for policymaking to 

develop a healthy workplace to improve nurse well-being. Nurses’ annual health checks 

and participation in a health promotion programme, such as resilience or physical activity 

training programmes as key topics, are recommended for policymaking in health 

promotion. A group-based job design, such as designating work partnerships between 

senior nurses and novices, is also recommended for policymaking to support 

inexperienced ICU nurses to increase their resilience.  

 

Finally, this chapter presents the reflections of the author’s personal learning 

throughout the 3-year doctoral study. Self-regulated learning, self-organisation, and self-

discipline are three primary skills which the author has achieved during the study. These 

skills have helped the author become a professional researcher and will guide her future 

practice.             
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Appendix I: Supplementary Data for Chapter 2 and Reproduction Permission 

Table S1: Summary of selected studies. 

Table S1 (Supplementary Data)  
 
Summary of Studies Included in Systematic Review  

No. Author, Year, 

Country  

Study 

design 

Nurse sample size 

(Response rate) 

Mean age (SD) 

Primary outcome Result associated with resilience Resilience  

measure 

Finding associated with resilience Resilience definition Quality 

score 

1. Abdollahi, 

2014a, Iran          

Cross-

sectional 

252 (81.0%) 

29.2 (7.6) 

Hardiness, perceived stress, 

and happiness 

An inverse association existed between perceived 

stress and hardiness.  

Personal View Survey 

(PVS) 

Hardiness partially mediated between 

perceived stress and happiness. 

Commitment, control, and 

challenge 

Good  

2. Abdollahi, 

2014b, Iran         

Cross-

sectional 

252 (81.0%) 

29.2 (7.6) 

Problem-solving skills, stress, 

and hardiness 

Hardiness positively associated with an approaching 

style.  

PVS A negative association exists between 

hardiness and perceived stress. 

Commitment, control, and 

challenge 

Good 

3. Ang, 2018 

Singapore  

Cross-

sectional 

1,338 (28.0%) 

Not provided 

Demographics and resilience 

 

Marital status, age group, educational qualification, job 

grade, and education were associated with resilience.  

Connor Davidson 

Resilience Scale (CD-

RISC) 10 

Years of experience was not a significant 

factor to resilience.  

A dynamic process  Good 

4. Brown, 2018 

USA        

Cross-

sectional 

521 (13.0%)  

Not provided 

Fatigue, resilience, and job 

satisfaction 

Education was a significant predictor of resilience. 

 

CD-RISC 10 

 

Education was a predictor of resilience, but 

age and nursing experience were not. 

A personality construct Good 

5. Carlotto, 2014 

Brazil and Portugal  

Cross-

sectional 

585 (Not provided)  

34.0 (8.2) 

Hardiness and 

burnout  

High levels of hardiness predicted lower levels of 

emotional exhaustion. 

PVS Hardiness was negatively related with 

burnout.  

A personality construct Fair 

6. Cho, 2017 

South Korea   

Cross-

sectional 

179 (93.0%) 

28.8 (5.9) 

Type D personality, 

posttraumatic stress disorder 

(PTSD), and resilience 

Type D personality was positively correlated with 

PTSD and negatively correlated with resilience.  

CD-RISC 25 Resilience has the mediating effect of PTSD 

symptoms. 

A positive ability to 

adversity 

Good  

7. Ding, 2015 

China      

Cross-

sectional 

1,496 (80.0%) 

Not provided 

Burnout, Psychological 

Capital (PsyCap), and coping 

style  

Positive coping partially mediated the relationship 

between hope/optimism and burnout; Self-efficacy 

was positively correlated with emotional exhaustion. 

PsyCap PsyCap was negatively related to emotional 

exhaustion, depersonalisation, and reduced 

personal accomplishment. 

The capacity to “bounce 

back” from adversity  

Fair 

8. Gao, 2017 

China      

Cross-

sectional 

365 (95.0%)  

Not provided 

Well-being, mental health 

and resilience 

Resilience was associated with low mental health and 

high quality of general well-being. 

CD-RISC 25 Resilience could predict general well-being 

and mental health and relieve mental disorder. 

A dynamic process  Good 
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No. Author, Year, 

Country  

Study 

design 

Nurse sample size 

(Response rate) 

Mean age (SD) 

Primary outcome Result associated with resilience Resilience  

measure 

Finding associated with resilience Resilience definition Quality 

score 

9. García-

Izquierdo, 2018 

Spain      

Cross-

sectional 

537 (67.0%) 

41.3 (9.7) 

Burnout, resilience, and 

general health 

Age was associated with perceived health, and 

a direct effect of resilience on health was observed. 

CD-RISC 10 

(Adapted) 

  

Resilience was negatively correlated with 

emotional exhaustion and positively related to 

professional efficacy. 

The human capacity for 

facing adversity  

Good 

10. Gillespie, 2007 

Australia 

Cross-

sectional 

772 (53.9%) 

46.1 (9.2) 

Self-efficacy, hope, cope, 

Resilience and demographics      

Resilience was positively associated with 

hope, coping, self-efficacy, competence, and control. 

CD-RISC 25 

 

Hope/self-efficacy/cope related to resilience; 

Age/education/experience did not. 

A dynamic process  Good 

11.Gillespie, 2009 

Australia 

Cross-

sectional 

735 (51.4%) 

Excluded Enrolled 

Nurses 

46.10 (9.40) 

Age, experience, education, 

and resilience 

There was no relationship between education and 

resilience. Though age and experience were 

statistically associated with resilience, the proportion 

of variance was low. This was demonstrated by the 

coefficient of determination (ϒ2). 

CD-RISC 25 

 

In operating room nurses, resilience is not 

necessarily dependent on nurses’ age, 

experience, and education. 

The ability to recover/regain 

original shape following 

shock or trauma 

Good 

12. Guo, 2017 

China    

Cross-

sectional 

1,061 (75.0%)  

29.3 (6.2) 

Demographics, resilience 

self-efficacy and coping style  

Resilience was associated with education, income, 

cigarette use, exercise, self-efficacy, and coping. 

CD-RISC 25 

 

Self-efficacy, coping, exercise, cigarette use, 

and education predicted resilience. 

The ability to solve 

problems  

Good 

13. Guo, 2018 

China   

Cross-

sectional 

1,061 (75.0%)  

29.3 (6.2) 

Burnout, resilience and 

demographics 

 Resilience was negatively correlated with burnout 

syndrome. 

CD-RISC 25 Resilience had a significant association with 

burnout. 

A dynamic process  Good 

14. Hernandez, 

2016 USA 

Cross-

sectional  

141 (18.0%) 

Not provided 

Stigma, barriers to care, 

resilience, and stress 

A strong negative correlation was found between 

perceived stress and resilience. 

CD-RISC 25 A strong inverse relationship existed between 

perceived stress and resilience. 

Not provided Fair 

15. Hsieh, Chen, 

2016 

Taiwan  

Cross-

sectional 

159 (88.0%)  

Not provided 

Demographics, resilience, 

social support, depressive 

tendency, and workplace 

violence (WPV) 

The depressive tendency was negatively correlated 

with personal strength, social resource, competence, 

structured style, and peer support. 

 

Resilience Scale 

(RS)-29 

Resilience is a protective factor against 

depressive tendency among ED nurses who 

have suffered from WPV and negatively 

correlated with depressive tendency.  

A protective factor against 

depressive tendency  

 

Good 

16. Hsieh, Hung 

2016 

Taiwan  

Cross-

sectional 

187 (70.0%)  

30.5 (5.6) 

Demographics, personality, 

and social support system  

Between religious and non-religious groups, there was 

no significant difference in age, education, marital 

status, experience, social support, and resilience. 

RS-29  

 

Peer support enhanced nurse resilience 

levels, whereas religious beliefs and family 

support did not have the same effect. 

A process of adaptation to 

adversity  

Fair 

17. Hsieh, 2017 

Taiwan 

Cross-

sectional 

230 (84.0%) 

Not provided 

Demographics, resilience, 

personality, and social support  

Seniority and social support were significantly 

positively correlated with resilience. 

RS-29 Social support systems were important factors 

associated with resilience in abused nurses 

An individual’s ability to 

adapt properly to stress  

Good 
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No. Author, Year, 

Country  

Study 

design 

Nurse sample size 

(Response rate) 

Mean age (SD) 

Primary outcome Result associated with resilience Resilience  

measure 

Finding associated with resilience Resilience definition Quality 

score 

18. Itzhaki, 2015 

Israel 

Cross-

sectional 

118 (51.3%) 

48.8 (8.7) 

Perceived job stress, life 

satisfaction, and resilience,  

Staff resilience and life satisfaction were statistically 

significantly correlated. 

CD-RISC 10 Resilience is an important factor to life 

satisfaction. 

The ability to rebound after 

disruption 

Good 

19. Judkins, 2005 

USA 

Cross-

sectional 

94 (38.0%) 

Not provided 

Hardiness, stress, and job 

satisfaction 

Hardiness was inversely related to stress and 

positively associated with job satisfaction. 

Hardiness Scale  High-hardy home care nurses tended to 

experience less stress.  

A constellation of 

personality characteristics  

Fair 

20. Kutluturkan, 

2016 Turkey 

Cross-

sectional 

140 (82.0%) 

Not provided 

Demographics, resilience, and 

burnout 

A negatively significant correlation existed between 

resilience and burnout. 

RS-33  Nurses with less experience or having 

dependents had more emotional exhaustion. 

A person’s adaptation to 

important stressful sources 

Fair 

21. Lanz, 2017 

USA 

 

Two- 

wave 

survey  

T1: 165 (35.0%) 

T2: 97 (59.0%)  

46.5 (12.7) 

 Resilience, turnover, and 

burnout 

 

Conflict had a strong indirect effect through negative 

emotions in nurses who reported lower levels of 

resilience. 

RS-14 Job-related negative affect on outcomes was 

stronger for nurses who had low resilience 

and weaker for highly resilience nurses. 

A facilitator of “positive 

adaption”  

Good 

22. Larrabee, 2010 

USA 

Non-

experi-

mental 

454  

(54.0%) 

39.0 (Not provided) 

Intent to stay, job stress, and 

resilience 

Persons with high scores on skill recognition were 

more resilient than others. 

Stress Resilience 

Profile (SRP) 

Resilience is a predictor of psychological 

empowerment, situational stress, and job 

satisfaction. 

The capacity to realistically 

envision possible future 

tasks or events. 

Good 

23. Laschinger, 

2013 

UK 

Longitu-

dinal 

272 (32.0%) 

27.0 (Not provided) 

Mental health, incivility, and 

resilience 

Co-worker incivility and personal resilience were 

significant predictors of poor mental health. 

Psychological Capital 

Questionnaire (PCQ)-

7  

Personal resilience demonstrated the 

protective effect in mitigating the negative 

effects of co-worker incivility. 

The ability to recover from 

adversity 

Fair 

24. Manzano 

García, 2012 

Spain 

Cross-

sectional 

200 (40.0%) 

Not provided 

Burnout, emotional 

annoyance, and resilience 

The higher the resilience levels displayed by nurses, 

the lower risk of emotional exhaustion. 

CD-RISC 25 

  

Resilience and professional efficiency showed 

a significant negative correlation with 

emotional exhaustion. 

Resistance to trauma and 

positive socially adapted 

evolution 

Fair 

25. Mealer, Jones, 

Newman, 2012 

USA 

Cross-

sectional 

744 (35.0%) 

43.6 (11.0) 

Resilience, PTSD, burnout, 

and demographics  

The presence of high resilience in participants was 

significantly associated with a lowered prevalence of 

PTSD, symptoms of anxiety/depression and burnout. 

CD-RISC 25 Intensive care unit nurses with high levels of 

resilience are less likely to develop 

psychological disorders. 

A multi-dimensional 

characteristic  

Good 

26. Mealer, Jones, 

2017 

USA 

Cross-

sectional 

744 (35.0%) 

43.6 (11.0) 

Demographics, PTSD, and 

resilience 

ICU nurses with a graduate degree were 18% more 

likely to experience PTSD than nurses with a bachelor  

degree. 

CD-RISC 25 

 

Nurses who worked in any type of ICU other 

than the medical ICU were 18% to 59% less 

likely to experience PTSD.  

An individual’s ability to 

bounce back or positively 

respond to adversity 

Good 
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No. Author, Year, 

Country  

Study 

design 

Nurse sample size 

(Response rate) 

Mean age (SD) 

Primary outcome Result associated with resilience Resilience  

measure 

Finding associated with resilience Resilience definition Quality 

score 

27. Mills, 2017 

Australia 

Cross-

sectional 

 

161 (44.0%) 

Not provided 

Retention intentions and 

resilience 

Resilience scores were highest in the first-year post- 

graduation, and then they slightly declined until 

stabilising in year 3-5 post-graduation. 

 CD-RISC 10 Resilience is an important factor influencing 

nurses’ intention to remain in the profession, 

particularly in year 3 and 4 post-graduation. 

The ability to overcome 

adversity and rebound from 

challenging circumstances 

Fair 

28. Pannell, 2017 

USA 

Cross-

sectional 

48 (32.0%) 

Not provided 

Demographics and resilience Participants displayed mostly moderate to low stress 

resilience when interpreted through recognition of 

one’s skills. 

 SRP Experience and age might not play a 

significant role in the perception of stress. 

An individual’s ability to 

move on in a positive way  

Fair 

29. Ren, 2018 

China 

Cross-

sectional 

1,356 (96.9%) 

Not provided 

Demographics, resilience,  

Self-efficacy, coping style, and 

job stress 

Resilience was associated with gender, educational 

level, work position, and night shifts. It had a positive 

correlation with self-efficacy and active coping. 

CD-RISC 25 

 

  

A positive correlation between resilience and 

self-efficacy. Coping style is a moderately 

significant predictor of resilience. 

The process of adapting 

well in the face of adversity  

Fair 

30. Rushton, 2015 

USA 

Cross-

sectional 

114 (63.0%) 

32.0 (Not provided) 

Demographics,  

burnout, and resilience.  

Greater resilience protected nurses from emotional 

exhaustion and contributed to personal 

accomplishment. 

CD-RISC 25 Resilience involved the internal stability, 

awareness, and flexibility that enable a person 

to navigate high-stress situations.  

The ability to adopt coping 

strategies to minimise 

distress 

Fair  

31. Russo, 2018 

USA 

Cross-

sectional 

353 (14.0%) 

Not provided 

Demographics, coping, and 

resilience 

Resilience was related to positive reinterpretation, 

active coping, use of social support, restraint, humour, 

religious coping, and acceptance. 

CD-RISC 25 A positive correlation existed between coping 

and resilience. 

The ability to adapt coping 

strategies to minimise 

distress 

Fair 

32. Saksvik-

Lehouillier, 2012 

Norway 

Longitud

-inal 

T1 2059 (38.0%) 

T2: 642 (77.0%) 

32.3 (7.7) 

Hardiness, morningness, 

flexibility, and languidity; 

 Hardiness positively predicted a decrease in 

sleepiness, fatigue, anxiety, and depression at T2  

Dispositional 

Resilience 

(Hardiness) Scale 

Revised (DRS-15-R) 

Hardiness was the personality trait that was 

related to the highest number of the 

dependent variables. 

A high sense of life and 

work commitment, high 

belief in control 

Good 

33. Saksvik-

Lehouillier, 2016 

Norway 

Longitud

-inal 

T1 1877 (38.0%) 

T2:1228  

T3:659 

31.1 (7.6) 

Hardiness, fatigue, 

sleepiness, anxiety and 

depression, fair leadership, 

role conflict, social support 

Commitment was the only variable that was 

significantly (negatively) related to sleepiness, fatigue.  

Hardiness had the strongest negatively significant 

relation to depression. 

 DRS-15-R Fatigue may be more affected by hardiness. 

Hardiness may be more important for shift 

work tolerance (SWT), anxiety, and 

depression. 

A personal characteristic: 

commitment, control, and 

challenge 

Good 

34. Sauer, 2017 

USA 

Cross-

sectional 

345 (15.0%) 

46.6 (12.2) 

Demographics and bullying  There were significant direct negative effects of 

bullying on resilience and physical and mental health. 

RS-25 Nurses who were bullied had lower resilience 

levels, compared with those who were not 

bullied. 

An adaptive process  Good 
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Note. T signifies the time period over which research was conducted.   

 

No. Author, Year, 

Country  

Study 

design 

Nurse sample size 

(Response rate) 

Mean age (SD) 

Primary outcome Result associated with resilience Resilience  

measure 

Finding associated with resilience Resilience definition Quality 

score 

35. Wang, 2018 

China 

Cross-

sectional 

747 (83.0%) 

22.5 (1.7) 

Social support, self-efficacy, 

resilience, demographics   

General self-efficacy had a significant positive direct 

effect on resilience of early career registered nurses. 

RS-25 (Adapted) Co-workers’ support improved general self-

efficacy, which had an impact on resilience. 

The ability of individuals to 

bounce back or recovering  

Fair 

36. Yu, 2018 

Korea 

Cross-

sectional 

371 (81.0%) 

Not provided 

Burnout, turnover intention, 

resilience. 

Turnover intention was negatively correlated with 

resilience, burnout, and job involvement. 

CD-RISC 10 

(Adapted) 

Resilience mediated the effect of turnover 

intention. 

The ability to bounce back 

from a stressful situation 

Good  

37. Zheng, 2017 

China 

Cross-

sectional 

726 (85.0%) 

Not provided 

Demographics, job 

satisfaction, and resilience  

 Resilience was related to nursing experience and job 

satisfaction.  

RS-25 Nurses who had high scores of job satisfaction 

had moderately low levels of resilience. 

A means of adapting to 

stress in the workplace 

Fair 

38. Zhou, 2017 

China 

Cross-

sectional 

538 (90.0%) 

29.8 (7.8) 

Demographics, psychological 

capital (PsyCap), and coping 

style 

Resilience was the most prominent trait of PsyCap.  

Self-efficacy, hope, resilience, and optimism had a 

negative association with psychological distress. 

 PCQ-24 

 

 Nurses with higher PsyCap reported less 

psychological distress; Education influenced 

nurses’ PsyCap and coping styles.  

The ability to “bounce back” 

from adversity or even 

dramatic positive changes 

Good  
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Table S2: Summary of resilience levels. 

Table S2 (Supplementary Data) 
   
Summary of Resilience Levels for the Included Studies  

No. First author, Year Resilience measure type Sample size M  SD 

1.Abdollahi, 2014a Personal View Survey-18 252 30.0 12.6 

2.Abdollahi, 2014b Personal View Survey-18 252 30.0 12.6 

3.Ang, 2018 Connor-Davidson Resilience Scale10 1,338 25.9 6.0 

4.Brown, 2018 Connor-Davidson Resilience Scale10 521 40.7 5.0 

5.Carlotto, 2014 Personal View Survey-50 585 1.9 .3 

6.Cho, 2017 Connor-Davidson Resilience Scale 25 179 59.6 12.3 

7.Ding, 2015 Psychological Capital Questionnaire-24 1,496 25.2  4.4 

8.Gao, 2017 Connor-Davidson Resilience Scale 25 363 55.2 18.3 

9.García-Izquierdo, 2018 Connor-Davidson Resilience Scale 10 (Adapted) 537 3.4 .4 

10.Gillespie, 2007 Connor-Davidson Resilience Scale 25 772 75.9 11.0 

11.Gillespie, 2009 Connor-Davidson Resilience Scale 25 735 75.9 11.0 

12.Guo, 2017 Connor-Davidson Resilience Scale 25 1,061 63.8 12.8 

13.Guo, 2018 Connor-Davidson Resilience Scale 25 1,061 63.8 12.8 

14.Hernandez, 2016 Connor-Davidson Resilience Scale 25 141 77.0 12.0 

15.Hsieh, Chen, 2016 Resilience Scale-29  159 146.6 21.0 

16.Hsieh, Hung, 2016 Resilience Scale-29  187 145.6 25.2 

17.Hsieh, 2017 Resilience Scale-29  230 Not provided  

18.ltzhaki, 2015 Connor-Davidson Resilience Scale 10 118 2.9 .6 

19.Judkins, 2005 Hardiness Scale 94 47.8 2.9 

20.Kutluturkan, 2016 Resilience Scale-33 140 134.0 12.0 

21.Lanz, 2017 Resilience Scale-14 65 in T1 6.1  .9  

22.Larrabee, 2010 Stress Resilience Profile 454  26.6 6.4 

23.Laschinger, 2013 Psychological Capital Questionnaire-7 272 4.4 .6 

24.Manzano-García, 2012 Connor-Davidson Resilience Scale 25 200 Not provided  

25.Mealer, Jones, Newman, 2012 Connor-Davidson Resilience Scale 25 744 Not provided  

26.Mealer, Jones, 2017 Connor-Davidson Resilience Scale 25 744 Not provided  

27.Mills, 2017 Connor-Davidson Resilience Scale 10 161 4.1  .6 

28.Pannell, 2017 Stress Resilience Profile 48 Not provided  

29.Ren, 2018 Connor-Davidson Resilience Scale 25 1,356 60.0 13.6 

30.Rushton, 2015 Connor-Davidson Resilience Scale 25 114 74.3 11.0 

31.Russo, 2018 Connor-Davidson Resilience Scale 25 353 81.5 10.8 

32.Saksvik-Lehouillier, 2012 Dispositional Resilience (Hardiness) Scale Revised  T1: 2,059,  

T2: 642 

31.7  4.1 

33.Saksvik-Lehouillier, 2016 Dispositional Resilience (Hardiness) Scale Revised T1 1,877; 

T2:1,228; T3:659 

31.5 4.6 

34.Sauer, 2017 Resilience Scale-25 309 146.5 17.6 

35.Wang, 2018 Resilience Scale-25 (Adapted) 747 3.6 .5 

36.Yu, 2018 Connor-Davidson Resilience Scale 10 (Adapted) 371 3.4 .8 

37.Zheng, 2017 Resilience Scale-25 726 128.0 20.3 

38.Zhou, 2017 Psychological Capital Questionnaire-24 (adapted) 538  4.31 .78 

Note. T signifies the time period over which research was conducted. 
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Appendix III: Consent Forms  

 

Consent form for nurses. 

CONSENT FORM FOR ONLINE QUESTIONNAIRES AND ACCELEROMETER USE 
 

Exploring Resilience in Intensive Care Nurses in New Zealand 
 

Researcher: Fiona Yu  Supervisors: Anna King, Kim Ward, and Melody Smith 
 
 

• I have read and understood the participation information sheet and consent to 
using a pair of accelerometers (Axivity AX3) to wear continuously for four consecutive 
days (two workdays followed by two nonworkdays), and completing an online 
questionnaire.  
 
• I understand that participating in this study is voluntary and I may withdraw my 
data up to two weeks after I have worn the accelerometers and completed my online 
questionnaire, without having to give a reason.   
 
• I have had the opportunity to ask questions about this study and I am satisfied 
with the answers that I have received. 
 
• I understand that I will be required to wear a pair of accelerometers (Axivity AX3) 
continuously for four consecutive days (two workdays followed by two nonworkdays). 
Then I must return the accelerometers to the local investigator, reporting any damage 
or losses. 
 
• I further understand that after I am issued with a pair of accelerometers, I will be 
required to complete an online questionnaire to provide my demographic information 
and assess my resilience levels.  
 
• I understand that a unique numerical code will be used to match the data from 
my completed online questionnaire with my accelerometer data.  
 
• I further understand that no name or work ID is required on my submitted online 
questionnaire or on the data collected from my accelerometers. 
 
• I understand that my participation or nonparticipation in the study will not affect 
my employment in any way. 
 
• I understand that an executive summary of the findings from the study will be 
made available to the unit. 
 
• I further understand that any information from participants, nurse managers, 
ICUs, and DHBs in the study will not be reported and all submitted information 
remains confidential. 
 
• I understand that all electronic data will be stored on password protected 
computers, and hard copies will be stored in a locked unit at the University of 

 

 
 

 

 
85 Park Road, Grafton 

Private Bag 92019 
Auckland 

Tel:  64-9-373 7599 
Fax:  64-9-367 7158 
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Auckland for six years after the completion of the study. I further understand that 
after six years, all data will be securely deleted and hardcopies will be disposed of in 
the confidentiality bin. 
 
• I have had enough time to consider whether to participate or not in this study. 
 
• I know who to contact if I have queries about the study. 
 
I, ________________ (PRINT FULL NAME), hereby consent to participate in this study. 
 
Nurse’s Signature_____________________________ Date _________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approved by the Auckland Health Research Ethics Committee (AHREC) on 17/05/2019 
for three years. Reference number 000070. 
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Consent form for managers. 

 
CONSENT FORM FOR NURSE MANAGERS 

 
Exploring Resilience in Intensive Care Nurses in New Zealand 

 
Researcher: Fiona Yu  Supervisors: Anna King, Kim Ward, and Melody Smith 

 
• I have read and understood the participation information sheet and consent to 
facilitating participation of my staff in the study. 
 
• I understand that participating in this study is voluntary and I may withdraw my ICU 
participation from the study up to two weeks after my staff participants have worn the 
accelerometers and completed their online questionnaires, or two weeks after they have 
confirmed the accuracy of their interview transcripts without having to give a reason. I 
will not be able to withdraw any data provided by individual staff nurses. 
 
• I have had the opportunity to ask questions about this study and I am satisfied with 
the answers that I have received. 
 
• I understand that my participation allows staff members who volunteer to wear a 
pair of accelerometers (Axivity AX3) continuously for four consecutive days (two 
workdays followed by two nonworkdays), complete an online questionnaire 
(approximately 20 minutes), and may be asked to participate in an interview 
(approximately 30 minutes). I further understand that 3 to 5 ICU managers at my unit 
will also be invited for an interview. 
 
• I also understand that my participation allows the researcher to access institutional 
resources such as staff time as approved by the DHB research office. 
 
• I give an assurance that staff nurses participation or nonparticipation in the study 
will not affect their employment in any way. 
 
• I understand that an executive summary of the findings from the study will be made 
available to the unit. 
 
• I understand that any identified information on the participants, managers, ICUs or 
DHBs will not be reported in the study. 
 
• I understand that a nominated local investigator will issue and collect the 
accelerometers (Axivity AX3) and consent forms for the researcher. I further understand 
a confidentiality agreement has been signed by the local investigator and transcriber to 
ensure all submitted information remains confidential. 
 
• I understand that all electronic data will be stored on password protected 
computers, and hard copies will be stored in a locked unit at the University of Auckland 
for six years after the completion of the study. I further understand that after six years, 
all data will be securely deleted and hardcopies will be disposed of in the confidentiality 
bin. 
 
• I have had enough time to consider whether to participate or not in this study. 
 
• I know who to contact if I have queries about the study. 

  

 
85 Park Road, Grafton 

Private Bag 92019 
Auckland 

Tel:  64-9-373 7599 
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I, ________________ (PRINT FULL NAME), hereby consent to participate in 
this study. 
 
Nurse Manager’s Signature _________________Date ____________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approved by the Auckland Health Research Ethics Committee (AHREC) on 17/05/2019 
for three years. Reference number 000070. 
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Agreement for local investigators. 

 
LOCAL INVESTIGATOR CONFIDENTIALITY AGREEMENT 

 
 

Exploring Resilience in Intensive Care Nurses in New Zealand 
 
 

Researcher: Fiona Yu  Supervisors: Anna King, Kim Ward, and Melody Smith 
 

 

• I have read and understood the information sheet and consent to facilitating 
participation of staff nurses in the study. 
 
• I understand that participating in this study is voluntary and I may withdraw my 
participation up to two weeks after the participants in my unit have worn the 
accelerometers and completed their online questionnaires, or two weeks after they have 
confirmed the accuracy of their interview transcripts, without having to give a reason.  
  
• I have had the opportunity to ask questions about this study and I am satisfied with 
the answers that I have received. 
 
• I understand that I will announce when the research information sheets and online 
questionnaires are available in the unit and assist the researcher to issue and collect the 
accelerometers (Axivity AX3) and consent forms. This should take approximately 1-2 
hours. 
 
• I understand that my participation or nonparticipation in the study will not in any 
way affect my employment. 
 
• I further understand that the participants in this study will need to wear a pair of 
accelerometers (Axivity AX3) continuously for four consecutive days (two workdays 
followed by two nonworkdays), complete an online questionnaire (approximately 20 
minutes), and may be asked to participate in an interview (approximately 30 minutes).  
 
• I understand that an executive summary of the findings from the study will be made 
available to the unit. 
 
• I understand that any identified information on the participants, managers, ICUs or 
DHBs will not be reported. 
 
• I understand that all electronic data will be stored on password protected 
computers, and hard copies will be stored in a locked unit at the University of Auckland 
for six years after the completion of the study. I further understand that after six years, 
all data will be securely deleted and hardcopies will be disposed of in the confidentiality 
bin. 
 
• I have had enough time to consider whether to participate or not in this study. 
 
• I know who to contact if I have queries about the study. 
 
I agree to distribute consent forms to participants and collect their returned consent 
forms for the researcher. I also agree to distribute accelerometers to the participants 
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who have consented to participate in the research. Additionally, I agree to collect the 
returned accelerometers for the researcher. I understand that the consent forms and the 
accelerometer (Axivity AX3) data for the above research project are confidential and 
must not be disclosed to, or discussed with, anyone other than the researcher and her 
supervisors.  
 

    Local Investigator’s Signature_________________ Date_________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approved by the Auckland Health Research Ethics Committee (AHREC) on 17/05/2019 
for three years. Reference number 000070. 
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Appendix IV: Participant Information Sheet 

 
RESEARCH PARTICIPANT INFORMATION SHEET FOR NURSES 

 
 

Title: Exploring resilience in intensive care nurses in New Zealand 
        
Kia ora,  
Researcher 
Fiona Yu is studying for a Doctor of Philosophy Degree in Nursing at the University of 
Auckland. As a student researcher, Fiona is being supervised during the research by Dr 
Anna King, Dr Kim Ward, and Dr Melody Smith.  
 
An Invitation 
This study aims to identify what factors are associated with Intensive Care Unit (ICU) 
nurse resilience in New Zealand. It will examine nurse resilience levels and the related 
factors as well as identify nurses’ perceptions of resilience. The study will generate 
descriptive profiles of New Zealand ICU nurse resilience characteristics, identify key 
behavioural and environmental associated factors, and gain a comprehensive insight into 
these key factors. The findings will assist nurses to have a better understanding of 
resilience and provide recommendations to enhance nurse well-being, nursing practices 
and subsequent quality of patient care. Identifying resilience characteristics will help to 
develop strategies for retaining ICU nurses in the workforce, thus reducing hospital 
turnover costs.   
 
This research is a part of the requirements for completion of Fiona’s PhD study and will 
be conducted from the 13th of May 2019 to the 30th of September 2020. 
 
Who is invited to participate in this study? 
Staff nurses at four ICUs within the Auckland region are invited to participate in this 
study.  
 
Your input will be an invaluable contribution to increasing knowledge and having a 
better understanding of nurse resilience within ICUs.  
 
Do I have to participate? 
It is entirely your own decision whether or not you participate in this study. If you do 
agree to participate, you can withdraw your data up to two weeks after you have worn 
the accelerometers and completed your online questionnaire, or two weeks after you 
have confirmed the accuracy of your interview transcript, without having to give a 
reason. 
 
This participation information sheet (PIS) will assist you in making your decision. Please 
feel free to ask any questions or discuss any issues about the research. Your managers 
have given an assurance that your participation or nonparticipation in this study will not 
affect your employment in any way.  
 
What is involved if I decide to participate in this study? 
 
You will be required to wear a pair of accelerometers (Axivity AX3) continuously for four 
consecutive days (two workdays followed by two nonworkdays). This will enable the 

 
 

 

 
85 Park Road, Grafton 

Private Bag 92019 
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researchers to collect data on nurses’ physical activity, sleep, and sedentary time within 
a four-day period. An accelerometer (Axivity AX3) is a small waterproof device that 
measures 23mm×32.5mm×7.6mm, weights 11g, and can be skin taped on a nurse’s 
lower back (offset from the spine) and anterior mid-thigh, using hypoallergenic medical 
dressings.  
 
Each participant who is issued with a pair of accelerometers will be required to complete 
an online questionnaire. Therefore, you will be asked to answer the questions regarding 
your demographic information and resilience. It should take no longer than 20 minutes 
to complete the questionnaire. 
 
Finally, you may be asked to attend an individual one to one interview. The individual 
interview will be no longer than 30 minutes duration and audio-digitally recorded. You 
will be afforded an opportunity to edit the transcript of the recording and given guidance 
on how to do this. Your employer will not be able to access the transcript.  
 
You will be required to complete a consent form in order to be issued a pair of 
accelerometers (Axivity AX3) to wear continuously for four consecutive days (two 
workdays followed by two nonworkdays), and to answer an online questionnaire. You 
may also be given the option to participate in a one-to-one interview, for which another 
consent form will be required. 
 
A $200 prize will be drawn at each research site. Each participant will receive a printout 
of their accelerometers (Axivity AX3) graph, showing their activity during the four-day 
period.  
 
Will my information be kept confidential? 
Yes. A nominated local investigator will assist the researcher to distribute and collect the 
accelerometers and consent forms. The local investigator has signed a confidentiality 
agreement to ensure all submitted information remains confidential. A transcriber who 
cross-checks data collated from the interviews for accuracy will also have to sign a 
confidentiality agreement.  All information that you provide will remain strictly 
confidential and no material that could identify you, nurse manager, ICUs, or DHBs will 
be used in any study report. There will be no names or work ID on the submitted online 
questionnaires or on the data collected from the accelerometers. A unique numerical 
code will be used to match the data from your completed online questionnaire with your 
accelerometer data. Only the researcher and research supervisors are allowed to access 
the collected data. All electronic data will be stored on password-protected computers, 
and hard copy data will be stored in a locked unit in the University of Auckland for six 
years after completion of the study. After this time, all data will be securely deleted, and 
hard copies will be disposed of in the confidentiality bin. 
 
What are the costs, risks or benefits of participation? 
No risk or cost is associated with your participation. The research findings will assist you 
to have a better understanding and improved knowledge of nurse resilience. Improved 
resilience will help you manage workload, cope with stress, and enhance your practice, 
ultimately leading to better quality of patient care.  
 
What provisions are in place should any problems arise?  
If any topics arise that you feel are sensitive, and if you would like to discuss these with 
someone, please contact the Employee Assistance Programme (EAP) at 0800-327-669 
for confidential professional assistance. 
 
What will happen with the results of this study? 
The study will be utilised for the completion of a Ph.D. Degree in Nursing. The findings 
will be used towards the improvement of ICU nurses’ resilience within New Zealand. The 
study may also be published in an academic journal.  
 
An executive summary of findings from the study will be made available to research 
sites.  
 
Has this study been approved? 
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Yes, this study has been approved by the Auckland Health Research Ethics Committee 
(AHREC), the Auckland District Health Board Research office, the Counties Manukau 
District Health Board Research Office, and the Waitemata District Health Board Research 
& Knowledge Centre. 
 
If you require further information, please contact the researcher Fiona Yu at 
fiona.yu@auckland.ac.nz  
 
Researcher:     Fiona Yu 
                   School of Nursing, Faculty of Medical and Health Sciences 
                        University of Auckland 
                        E-mail: fiona.yu@auckland.ac.nz 
 
Supervisors: 

               

 
    Head of School: Sandie McCarthy 
                                  School of Nursing 
                              Faculty of Medical and Health Sciences 
                               University of Auckland 
                              Phone: 09 9232897 
                              E-mail: alexandra.mccarthy@auckland.ac.nz 

 
 

For concerns of an ethical nature, you can contact the Chair of the Auckland Health 
Research Ethics Committee at ahrec@auckland.ac.nz or at 373 7599 x 83711, or at 
Auckland Health Research Ethics Committee, The University of Auckland, Private Bag 
92019, Auckland 1142. 
 
If you have any questions or complaints about the study, you may contact the Auckland 
and Waitematā District Health Boards Maori Research Committee or Maori Research 
Advisor by phoning 09 4868920 ext 3204. Alternatively, you may contact the 
researcher, local investigator, the supervision team, or the Employee Assistance 
Programme (EAP) at 0800-327-669 for confidential professional assistance. If you 
require Māori cultural support, please contact the administrator for He Kamaka Waiora 
(Māori Health Team) by telephoning 09 486 8324 ext 42324. 

 
 
 
 
 
 
 
 

Approved by the Auckland Health Research Ethics Committee (AHREC) on 17/05/2019 
for three years. Reference number 000070. 

  

         Anna King 
Primary Supervisor 
School of Nursing 
Faculty of Medical and Health Sciences 
University of Auckland 
09 923 1537 
a.king@auckland.ac.nz 
 
Kim Ward 
Supervisor 
School of Nursing 
Faculty of Medical and Health Sciences 
University of Auckland 
09 923 2265 
k.ward@auckland.ac.nz  

Melody Smith 
Supervisor 
School of Nursing 
Faculty of Medical and Health Sciences 
University of Auckland 
09 923 7388 
Melody.smith@auckland.ac.nz  
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Appendix V: Online Survey 

Exploring Resilience in Intensive Care 
Nurses in New Zealand 

  
Start of Block: Your demographic information 

 
This survey takes about 5-10 minutes to complete, and you will be entered into a $200 
prize draw (one draw per intensive care unit) in appreciation of your participation! This 
survey consists of two parts. Part 1 contains 20 questions related to sociodemographic 
information, while Part 2 includes 25 questions from a standard resilience questionnaire. 
These data will be combined with your accelerometer readouts to analyse your physical 
activity, sleep, and sedentary levels. A summary of your results will be sent to you after the 
data are collected and cleaned.  
Click the arrow to get started! 
 

     Part 1: Participants’ sociodemographic information 
  
Please write down your allocated accelerometer code number. 

________________________________________________________________ 
 
 
 
Q1.1 What shift pattern will you be working while wearing the accelerometers?   

o 8-hour shifts  

o 12-hour shifts  

o Other, please specify: ________________________________________________ 
 
 
 
Q1.2 In a typical fortnight, how many hours do you work? 

________________________________________________________________ 
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Q1.3 Do you work night shifts? 

o Yes, I am on permanent night shifts  

o I do some night shifts every two weeks  

o I do some night shifts every month  

o No, I don’t do night shifts  
 
Ref: Ren, Y., Zhou, Y., Wang, S., Luo, T., Huang, M., & Zeng, Y. (2018). Exploratory study on resilience 
and its influencing factors among hospital nurses in Guangzhou, China. International Journal of 
Nursing Sciences, 5(1), 57-62. doi:10.1016/j.ijnss.2017.11.001 
 
 
 
Q1.4 I am now going to ask you about the time you spent being physically active in the last 
7 days. Do not include activity undertaken today. By ‘active’ I mean doing anything using 
your muscles. Think about activities at work, school or home, getting from place to place, 
and any activities you did for exercise, sport, recreation or leisure. Thinking about all your 
activities over the last 7 days (including brisk walking), on how many days did you engage 
in: at least 30 minutes of moderate activity (including brisk walking) that made you breathe 
a little harder than normal, OR at least 15 minutes of vigorous activity that made you 
breathe a lot harder than normal (‘huff and puff’)?     

o Never  

o Days per week (range 1-7):  

o Don't know  

o I prefer not to answer  
 
Ref: New Zealand Health Survey p.48 
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 
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Q1.5 On average, how many cigarettes do you smoke a day?  

o None  

o Less than 1  

o 1-5  

o 6-10  

o 11-15  

o 16-20  

o 21-25  

o 26-30  

o 31 or more  

o Don't know  

o I prefer to not answer  
 
Ref: New Zealand Health Survey p.51 
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 

 
 
Q1.6 In a typical day, how many cups of coffee do you drink?  

o None  

o 1-2  

o 3-4  

o 5-6  

o 7 or more  
 
Ref: Edéll-Gustafsson, U. M., Kritz, E. I. K., & Bogren, I. K. (2002). Self-reported sleep quality, strain 
and health in relation to perceived working conditions in females. Scandinavian Journal of Caring 
Sciences, 16(2), 179-187. doi:10.1046/j.1471-6712.2002.00078.x. 
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Q1.7 How often do you have a drink containing alcohol? 

o None  

o Monthly or less  

o Up to 4 times a month  

o 4 or more times a week  

o Don't know  

o I prefer to not answer  
 
Ref: New Zealand Health Survey p.53)  
(Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 
 
 
Q1.8 How many hours of sleep do you usually get in a 24-hour period, including all naps 
and sleeps? 

o Hours (range 1-24) ________________________________________________ 

o Don't know  

o I prefer to not answer  
 
Ref:  New Zealand Health Survey p.48  
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 
 
 
Q1.9 During the past month, how often have you taken medicine (prescribed or ‘over the 
counter’) to help you sleep?  

o None  

o Less than once a week  

o Once or twice a week  

o Three or more times week  
 

Ref: The Pittsburgh Sleep Quality Index (PQSI) Q.6  

Smyth, C. (2012). The Pittsburgh Sleep Quality Index (PSQI). Retrieved from https://consultgeri.org › 

try-this › general-assessment › issue-6.1.pdf 
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Q1.10  In general, would you say your health is…?  

o Excellent  

o Very good  

o Good  

o Fair  

o Poor  

o Don't know  

o I prefer to not answer  
 
Ref:  New Zealand Health Survey p.57 
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 
 
 
Q1.11  During the past month, how would you rate your sleep quality overall?  

o Very good  

o Fairly good  

o Fairly bad  

o Very bad  
 

Ref: The Pittsburgh Sleep Quality Index (PQSI) Q.9  
Smyth, C. (2012). The Pittsburgh sleep quality index (PSQI). Retrieved from https://consultgeri.org › 
try-this › general-assessment › issue-6.1.pdf 

 
 
Q1.12 When were you born ? 

o Day/month/year ________________________________________________ 

o I prefer to not answer  
 
Ref: New Zealand Health Survey p.64  
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 
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 Which of these age groups do you belong to? 

o 20-24  

o 25-34  

o 35-44  

o 45-54  

o 55-64  

o 65+  
 
Ref: New Zealand Health Survey p.64  
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 

 
 
Q1.13 What gender do you identify as? 

o Male  

o Female  

o Gender diverse  
 
Ref: New Zealand Health Survey p.5 
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 
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Q1.14 Which one of these statements best describes your current legally registered 
marriage or civil union status? If you have had more than one legally registered marriage or 
civil union, answer for your most recent? 

o I have never been legally married, and I have never been legally registered in a civil 
union  

o I am divorced or my marriage/civil union has been dissolved  

o I am a widow/ widower or surviving civil union partner  

o I am permanently separated from my legal husband/wife/civil union partner  

o I am legally married  

o I am legally registered in a civil union  
 
Ref: 2018 Census, p.89 
Stats NZ (2018). 2018 Census: Design of forms. Retrieved from www.stats.govt.nz 

 
 
Q1.15 Do you have religious beliefs or attend religious activities, such as going to a church, 
reading scripture, or praying? 

o Yes  

o No  

o Do not wish to say  
 
Ref: Hsieh, H. F., Chen, Y. M., Wang, H. H., Chang, S. C., & Ma, S. C. (2016). Association among 
components of resilience and workplace violence-related depression among emergency department 
nurses in Taiwan: A cross-sectional study. Journal of Clinical Nursing, 25(17-18), 2639-2647. 
doi:10.1111/jocn.13309 
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Q1.16 Which ethnic group or groups do you belong to? Mark the space or spaces which 
apply to you.  

▢ New Zealand European  

▢ Māori  

▢ Samoan  

▢ Cook Island Māori  

▢ Tongan  

▢ Niuean  

▢ Chinese  

▢ Indian  

▢ Other such as Dutch, Japanese, Tokelauan. Please state: 
________________________________________________ 
 
Ref: New Zealand Health Survey p.64 
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 

 
 
Q1.17 How many dependents do you have at home? 

________________________________________________________________ 
 
Ref: Hazzard, B., Johnson, K., Dordunoo, D., Klein, T., Russell, B., & Walkowiak, P. (2013). Work- and 
nonwork-related factors associated with PACU nurses' fatigue. Journal of PeriAnesthesia Nursing, 
28(4), 201-209. 
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Q1.18 What is your highest completed qualification? 

o Bachelor  

o Bachelor Hons  

o Postgraduate Certificate/Diploma  

o Master’s Degree  

o PhD  

o Other (Specify) ________________________________________________ 

o Don't know  

o I prefer to not answer  
 
Ref:  New Zealand Health Survey p.66 
Ministry of Health. (2018). New Zealand health survey. Retrieved from 
https://www.health.govt.nz/nz-health-statistics/national-collections-and-surveys/surveys/new-
zealand-health-survey 

 
 
Q1.19 How many years of nursing experience do you have?         

________________________________________________________________ 
 
Ref: Ren, Y., Zhou, Y., Wang, S., Luo, T., Huang, M., & Zeng, Y. (2018). Exploratory study on resilience 
and its influencing factors among hospital nurses in Guangzhou, China. International Journal of 
Nursing Sciences, 5(1), 57-62. doi:10.1016/j.ijnss.2017.11.001 

 
 
Q1.20 How many years have you worked in an intensive care unit (ICU)? 

________________________________________________________________ 
 
(Ref: McGettrick, K. S., & O'Neill, M. (2006). Critical care nurses - perceptions of 12-h shifts. Nursing 
in Critical Care, 11(4), 188-197.) 

End of Block: Your demographic information 
 

Start of Block: Assessing your resilience levels 
 
 Part 2: The following questions will be used to assess your resilience levels. 
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Q2.1 I am able to adapt when changes occur. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.2 I have at least one close and secure relationship that helps me when I am stressed. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.3 When there are no clear solutions to my problems, sometimes fate or God can help. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.4 I can deal with whatever comes my way. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.5 Past successes give me confidence in dealing with new challenges and difficulties. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.6 I try to see the humorous side of things when I am faced with problems. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.7 Having to cope with stress can make me stronger. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time   
 
 
 
Q2.8 I tend to bounce back after illness, injury, or other hardships. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.9 Good or bad, I believe that most things happen for a reason. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.10 I give my best effort no matter what the outcome may be. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.11 I believe I can achieve my goals, even if there are obstacles. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.12 Even when things look hopeless, I don't give up. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.13 During times of stress/crisis, I know where to turn for help. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.14 Under pressure, I stay focused and think clearly. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.15 I prefer to take the lead in solving problems rather than letting others make all the 
decisions. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.16 I am not easily discouraged by failure. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.17 I think of myself as a strong person when dealing with life's challenges and 
difficulties. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.18 I can make unpopular or difficult decisions that affect other people, if it is necessary. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.19 I am able to handle unpleasant or painful feelings like sadness, fear, and anger. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.20 In dealing with life's problems, sometimes you have to act on a hunch without 
knowing why. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.21 I have a strong sense of purpose in life. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.22 I feel in control of my life. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.23 I like challenges. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 
 
 
Q2.24 I work to attain my goals no matter what roadblocks I encounter along the way. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
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Q2.25 I take pride in my achievements. 

o not true at all  

o rarely true  

o sometimes true  

o often true  

o true nearly all the time  
 

End of Block: Assessing your resilience levels 
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Appendix VI: Connor-Davidson Resilience Scale 25 
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Appendix VII: Work-Sleep/Naps Log 

Accelerometer ID number: 
Work Log 

Day One Day Two 

Start Date Start Time Start Date Start Time 

    

End Date End time End Date End Time 

    

Note: e.g. Start Date: 01/05/2019 and Start Time: 0700. End Date: 01/05/2019 and End Time: 1500 
 

Sleep/Naps Log 

No. Start Date Start Time End Date End Time Main Sleep or 

Nap? 

1      

2      

3      

4      

5      

6      

7      

8      

9      

10      

Note: e.g. Start Date: 01/05/2019 and Start Time 2100. End Date: 02/05/2019 and End Time 0530 
 

To reaffix your Axivity AX3: 

If your Axivity AX3 is loose, or 
falls off, use the Hypafix tape 
provided in your Axivity pack to 
reaffix the device to your right 
thigh and/or right lower back. 

Remember that when affixing 
your Axivity the arrow needs to 
be facing outwards and 
pointing down. 

Thigh 

 

 

Lower Back 

 

 

 
If you removed your Axivity AX3 at any time, please record the date(s)/time(s) here: 
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Appendix VIII: Supporting Information for Chapter 5 

and Reproduction Permission 

 
Supplementary file 1-STROBE checklist. 

 
STROBE Statement—Checklist of items that should be included in reports of cross-
sectional studies  

 Item No 
Recommendation 

Page 
No 

Title and abstract 1 (a) Indicate the study’s design with a 
commonly used term in the title or the abstract 

p. 87 

(b) Provide in the abstract an informative and 
balanced summary of what was done and 
what was found 

p. 88 

Introduction 
Background/rationale 2 Explain the scientific background and rationale 

for the investigation being reported 
p. 90 

Objectives 3 State specific objectives, including any 
prespecified hypotheses 

p. 94 

Methods 
Study design 4 Present key elements of study design early in 

the paper 
p. 94 

Setting 5 Describe the setting, locations, and relevant 
dates, including periods of recruitment, 
exposure, follow-up, and data collection 

p. 94 

Participants 6 (a) Give the eligibility criteria, and the sources 
and methods of selection of participants 

p. 96 

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable 

p. 99 

Data sources/ 
measurement 

8* For each variable of interest, give sources of 
data and details of methods of assessment 
(measurement). Describe comparability of 
assessment methods if there is more than one 
group 

p. 97 

Bias 9 Describe any efforts to address potential 
sources of bias 

p. 116 

Study size 10 Explain how the study size was arrived at p. 96  
Quantitative variables 11 Explain how quantitative variables were 

handled in the analyses. If applicable, 
describe which groupings were chosen and 
why 

p. 99 

Statistical methods 12 (a) Describe all statistical methods, including 
those used to control for confounding 

p. 94 

(b) Describe any methods used to examine 
subgroups and interactions 

 

(c) Explain how missing data were addressed  
(d) If applicable, describe analytical methods 
taking account of sampling strategy 

 

(e) Describe any sensitivity analyses  

Results 
Participants 13* (a) Report numbers of individuals at each 

stage of study—e.g., numbers potentially 
eligible, examined for eligibility, confirmed 

p. 100 
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 Item No 
Recommendation 

Page 
No 

eligible, included in the study, completing 
follow-up, and analysed 
(b) Give reasons for non-participation at each 
stage 

p. 100 

(c) Consider use of a flow diagram p. 101 
Descriptive data 14* (a) Give characteristics of study participants 

(eg demographic, clinical, social) and 
information on exposures and potential 
confounders 

p. 102 

(b) Indicate number of participants with 
missing data for each variable of interest 

 

Outcome data 15* Report numbers of outcome events or 
summary measures 

p. 107 

Main results 16 (a) Give unadjusted estimates and, if 
applicable, confounder-adjusted estimates 
and their precision (e.g., 95% confidence 
interval). Make clear which confounders were 
adjusted for and why they were included 

p. 107 

(b) Report category boundaries when 
continuous variables were categorized 

 

(c) If relevant, consider translating estimates 
of relative risk into absolute risk for a 
meaningful time period 

 

Other analyses 17 Report other analyses done—e.g., analyses of 
subgroups and interactions, and sensitivity 
analyses 

 

Discussion 
Key results 18 Summarise key results with reference to study 

objectives 
p. 113 

Limitations 19 Discuss limitations of the study, taking into 
account sources of potential bias or 
imprecision. Discuss both direction and 
magnitude of any potential bias 

p. 116 

Interpretation 20 Give a cautious overall interpretation of results 
considering objectives, limitations, multiplicity 
of analyses, results from similar studies, and 
other relevant evidence 

p. 113  

Generalisability 21 Discuss the generalisability (external validity) 
of the study results 

p. 118 

Other information 
Funding 22 Give the source of funding and the role of the 

funders for the present study and, if 
applicable, for the original study on which the 
present article is based 

 

 
*Give information separately for exposed and unexposed groups. 

 

Note. An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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Figure S1: Distribution for participants.  

 
Figure S1 (Supporting Information). Distribution for Participants Who did not Compliantly Wear the 
Accelerometers Continuously Over Four Days (N = 106) 
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Table S3: Comparisons between groups. 

 
Table S3 (Supporting Information) 
  
Comparisons Between Groups Compliantly/Noncompliantly Wearing Accelerometers 

                                                

Comparison 

 
 

 

Variables 

Participants who 

compliantly wore 

accelerometers 
over four days  

(N = 93)  

Participants who had 

accelerometers 

detached  for time-
periods longer than 

104.4 minutes over 

four days   (n = 13) 

p-value 

Resiliencea Mean (SD) 73.0 (9.6) 71.0 (6.6) .471 

Age group 20-34 38.7% 46.2% .607 

35+ 61.3% 53.8% 

Ethnicity European 45.2% 30.8% .327 

Other 54.8% 69.2% 

Self-reported 
frequency of 

physical 

activity per 
week 

Had physical 
activity 1-5 times 

per week 

84.9% 76.9% .460 

Never/Don’t know/I 
prefer to not answer 

15.1% 23.1% 

MVPAb over 

two 12-hour 

shifts 

Mean (SD) 99.5 (66.1) 91.3 (49.9) .671 

MVPAb over 
two non -

workdays 

Mean (SD) 87.9 (53.3) 65.9 (50.9) .163 

Note. a.Resilience score: Ranging from 0 to 100, with higher scores reflecting greater resilience.  

Resilience level: Lowest (0-73), low-medium (74-82), high-medium (83-90), and high (91-100) (Connor & Davidson, 

2003). 
b.MVPA stands for moderate to vigorous physical activity. The unit for MVPA is minutes. 
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Figure S2: Distribution of resilience scores. 

 

Figure S2 (Supporting Information). Distribution of Resilience Scores for 93 Participants 
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Table S4: Demographic and work-related factors by 

resilience. 

 
 

Table S4 (Supporting Information)  

Demographic and Work-Related Factors by Resilience (Mean(SD)) 

Factors Subgroups  ICU1 ICU2 ICU3 ICU4 Total 

sample 

Age group 20-34 71.3 (10.0) 77.1 (10.1) 71.6 (10.8) 71.3 (7.6) 72.6 (10.0) 

35+ 74.5 (4.4) 74.3 (8.3) 77.3 (11.4) 66.0 (1.7) 74.1 (8.5) 

Sex Male 74.0 (11.1) 81.0 (10.3) 79.7 (12.6) 69.5 (3.5) 76.9 (11.0) 

Female 70.6 (8.7) 73.9 (8.3) 70.8 (9.7) 70.1 (7.6) 71.5 (8.6) 

Marital status Single 69.1 (8.6) 72.9 (6.6) 69.4 (9.6) 70.9 (8.7) 70.4 (8.3) 

Married 78.0 (9.0) 78.8 (10.8) 77.1 (11.4) 68.8 (4.1) 76.8 (10.1) 

Religious beliefs Yes 75.2 (8.2) 79.7 (9.6) 79.4 (11.5) 71.0 (7.2) 76.8 (9.4) 

No 66.2 (9.0) 70.8 (5.9) 69.0 (8.8) 69.0 (7.2) 68.7 (7.9) 

Ethnicity European 67.2 (8.2) 73.7 (7.1) 70.3 (8.9) 69.0 (6.9) 70.6 (8.0) 

Other  73.5 (9.5) 78.3 (11.0) 76.3 (12.5) 71.4 (7.5) 75.1 (10.4) 

Family 

dependents 

0 71.7 (8.1) 75.8 (8.6) 68.0 (8.1) 69.4 (7.3) 71.7 (8.4) 

1+ 71.7 (12.8) 75.7 (10.4) 79.7 (11.0) 70.8 (7.3) 75.1 (11.0) 

Highest 

qualification 

attained 

Undergraduate  71.0 (9.9) 80.1 (8.8) 76.3 (12.4) 70.2 (7.9) 73.8 (10.3) 

Postgraduate  72.4 (9.3) 74.2 (9.1) 71.7 (10.4) 69.9 (6.9) 72.5 (9.2) 

Working part-

time or fulltime 

Part-time*      70.8 (7.7) 78.3 (5.9)  71.8 (7.6) 

Full-time*     71.8 (9.6) 77.8 (9.1) 72.3 (11.5) 70.6 (7.0) 73.2 (9.9) 

Work night shifts Permanently* 61.67 (10.6) 74.2 (12.6)   70.8 (12.9) 

Every two weeks 72.5 (9.2) 77.3 (9.5) 75.3 (11.4) 70.0 (7.0) 73.8 (9.6) 

Every month/ Don’t work night 

shifts* 

75.0 (6.1) 72.3 (5.7) 67.9 (8.9)  70.7 (7.6) 

Years of nursing 

experience 

 

Under 2 74.5 (6.4) 73.0 (8.5) 67.5 (13.4) 71.0 (0.0) 71.5 (7.1) 

2 to 5* 68.0 (9.3) 75.8 (6.9) 67.5 (8.1)  69.5 (8.7) 

6 to 10 72.6 (10.8) 76.8 (14.5) 76.0 (14.6) 71.0 (9.5) 73.7 (11.7) 

 11+    75.4 (5.7) 75.6 (8.2) 78.6 (8.0) 68.0 (4.2) 75.3 (7.7) 

Years of ICU 

nursing 

experience 

Under 2 70.3 (7.2) 76.8 (11.3) 76.5 (13.8) 73.5 (4.4) 74.2 (9.9) 

2 to 5* 71.8 (9.8) 77.0 (10.3) 67.3 (8.2)  71.3 (9.9) 

6 to 10 72.3 (11.8) 73.5 (8.6) 80.3 (4.5) 70.0 (9.1) 73.3 (9.7) 

11+ *    75.3 (8.9) 80.3 (11.0) 69.3 (4.0) 75.0 (8.6) 

Frequency of 

physical activities 

per week 

1-2 *                71.8 (12.3) 77.9 (10.8) 82.6 (9.2)  76.6 (11.4) 

3-4               73.7 (9.7) 75.4 (7.1) 70.4 (9.6) 69.4 (8.0) 72.4 (8.8) 

5+               69.5 (6.0) 71.0 (2.6) 81.3 (6.4) 71.0 (7.2) 72.4 (6.7) 

Never* 68.0 (6.2)  59.5 (2.1)  64.3 (5.9) 

Don’t know/I prefer to not answer*        70.0 (8.9) 83.5 (14.8) 65.5 (9.2)  71.9 (11.0) 

Cigarettes 

smoked per day 

None 71.7 (9.6) 75.7 (9.2) 73.1 (11.0) 70.0 (6.9) 73.0 (9.6) 

Less than 5*      

Cups of coffee 

consumed per 

day 

None 73.1 (7.4) 79.4 (14.6) 74.0 (13.5) 73.8 (3.6) 74.9 (9.5) 

1-2 71.1 (10.5) 74.7 (8.2) 72.7 (11.4) 67.8 (8.3) 72.1 (10.0) 

3+* 71.3 (10.3) 75.2 (7.6) 74.7 (10.1)  73.3 (8.7) 
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Note. a. Subgroups marked with * means n = 0 or 1 in each unit or the total sample, so there were no computed 

results for the mean resilience levels of these subgroups. 

b. Resilience scores: Ranging from 0 to 100, with higher scores reflecting greater resilience.  

c. Resilience levels: Lowest (0-73), low-medium (74-82), high-medium (83-90), and high (91-100) (Connor & 

Davidson, 2003).  

 
 

  

Factors Subgroups  ICU1 ICU2 ICU3 ICU4 Total 

sample 

Frequency of 

alcohol 

consumption 

None 70.0 (10.6) 82.8 (9.9) 73.4 (14.0) 72.2 (6.2) 73.2 (10.9) 

Monthly or less 73.5 (9.7) 75.6 (9.6) 76.0 (10.5) 65.8 (6.9) 74.0 (9.8) 

Up to 4 times a month 69.4 (7.9) 76.3 (9.2) 67.0 (9.4) 72.0 (11.3) 71.4 (9.3) 

4 or more times a week* 74.5 (9.2) 69.6 (4.8)   71.7 (5.4) 

Usual sleep 

duration per 24-

hour period 

5-6* 74.8 (9.9) 75.2 (8.4) 76.8 (5.3)  74.7 (8.8) 

7+ 69.7 (9.2) 75.0 (8.9) 73.8 (11.6) 70.7 (6.8) 72.6 (9.5) 

Don’t know*   60.0 (1.4)  71.0 (16.1) 

Sleep medication 

use 

No  71.1 (9.4) 75.5 (9.3) 74.5 (11.6) 70.1 (6.0) 73.1 (9.6) 

Yes 79.5 (9.2) 78.5 (10.6) 69.2 (8.8) 69.7 (11.1) 72.3 (9.5) 

Sleep quality 

over the last 30 

days 

Very good 76.0 (4.2) 69.7 (8.6) 65.0 (5.6) 70.3 (2.9) 69.7 (6.3) 

Fairly good 70.6 (10.7) 76.9 (10.1) 76.5 (11.8) 71.4 (7.7) 73.9 (10.6) 

Fairly bad/Very bad 73.9 (5.7) 75.3 (6.2) 70.3 (9.4) 64.5 (9.2) 72.3 (7.6) 

General health 

status 

Excellent / Very good 76.6 (6.9) 75.9 (7.9) 71.5 (10.2) 70.8 (7.0) 74.4 (8.2) 

Good / Fair 69.9 (9.7) 75.6 (10.8) 73.9 (11.6) 69.6 (7.4) 72.2 (10.3) 
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Table S5: Comparisons of mean resilience levels. 

 
Table S5 (Supporting Information)  

Comparisons of Mean Resilience Levels Between Units 

Comparisons  F  t df Mean 
difference 

Std.Error  
difference 

95% CI p-value 

ICU1&ICU2 ICU1 .1 -1.6 56 -4.1 2.5 [-9.0, .9] .104 
ICU2 

ICU1&ICU3 ICU1 .5 -.5 52 -1.4 2.8 [-7.0, 4.2] .616 
ICU3 

ICU1&ICU4 ICU1 1.5 .6 41 1.7 3.0 [-3.7, 7.1] .581 
ICU4 

ICU2&ICU3 ICU2 .9 .9 48 2.7 2.9 [-3.2, 8.5] .357 
ICU3 

ICU2&ICU4 ICU2 .8 1.9 37 5.7 3.0 [-.3, 11.8] .062 
ICU4 

ICU3&ICU4 ICU3 2.6 .9 33 3.1 3.5 [-4.0, 10.2] .384 
ICU4 
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Appendix IX: Supporting Information for Chapter 6 

and Reproduction Permission 

 
Supplementary file 2-STROBE checklist. 

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies  
 Item No 

Recommendation 
Page 
No 

Title and abstract 1 (a) Indicate the study’s design with a 
commonly used term in the title or the 
abstract 

p. 121 

(b) Provide in the abstract an informative 
and balanced summary of what was 
done and what was found 

p. 122 

Introduction 
Background/rationale 2 Explain the scientific background and 

rationale for the investigation being 
reported 

p. 124 

Objectives 3 State specific objectives, including any 
prespecified hypotheses 

p. 126 

Methods 
Study design 4 Present key elements of study design 

early in the paper 
p. 126 

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 
recruitment, exposure, follow-up, and 
data collection 

p. 127 

Participants 6 (a) Give the eligibility criteria, and the 
sources and methods of selection of 
participants 

p. 127 

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, 
if applicable 

p.129 

Data sources/ 
measurement 

8*  For each variable of interest, give 
sources of data and details of methods of 
assessment (measurement). Describe 
comparability of assessment methods if 
there is more than one group 

p. 129 

Bias 9 Describe any efforts to address potential 
sources of bias 

p. 144 

Study size 10 Explain how the study size was arrived at p. 129 
Quantitative variables 11 Explain how quantitative variables were 

handled in the analyses. If applicable, 
describe which groupings were chosen 
and why 

p. 129 

Statistical methods 12 (a) Describe all statistical methods, 
including those used to control for 
confounding 

p. 131 

(b) Describe any methods used to 
examine subgroups and interactions 

 

(c) Explain how missing data were 
addressed 

 

(d) If applicable, describe analytical 
methods taking account of sampling 
strategy 
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 Item No 
Recommendation 

Page 
No 

(e) Describe any sensitivity analyses  

Results 
Participants 13* (a) Report numbers of individuals at each 

stage of study—e.g., numbers potentially 
eligible, examined for eligibility, 
confirmed eligible, included in the study, 
completing follow-up, and analysed 

p. 131 

(b) Give reasons for non-participation at 
each stage 

p. 131 

(c) Consider use of a flow diagram p. 131 
Descriptive data 14* (a) Give characteristics of study 

participants (e.g., demographic, clinical, 
social) and information on exposures and 
potential confounders 

p. 131 

(b) Indicate number of participants with 
missing data for each variable of interest 

 

Outcome data 15* Report numbers of outcome events or 
summary measures 

p. 134 

Main results 16 (a) Give unadjusted estimates and, if 
applicable, confounder-adjusted 
estimates and their precision (e.g., 95% 
confidence interval). Make clear which 
confounders were adjusted for and why 
they were included 

p. 134 

(b) Report category boundaries when 
continuous variables were categorized 

 

(c) If relevant, consider translating 
estimates of relative risk into absolute 
risk for a meaningful time period 

 

Other analyses 17 Report other analyses done—eg 
analyses of subgroups and interactions, 
and sensitivity analyses 

 

Discussion 
Key results 18 Summarise key results with reference to 

study objectives 
p. 141 

Limitations 19 Discuss limitations of the study, taking 
into account sources of potential bias or 
imprecision. Discuss both direction and 
magnitude of any potential bias 

p. 144 

Interpretation 20 Give a cautious overall interpretation of 
results considering objectives, 
limitations, multiplicity of analyses, 
results from similar studies, and other 
relevant evidence 

p. 141 
 

Generalisability 21 Discuss the generalisability (external 
validity) of the study results 

p. 144 

Other information 
Funding 22 Give the source of funding and the role 

of the funders for the present study and, 
if applicable, for the original study on 
which the present article is based 

 

*Give information separately for exposed and unexposed groups. 

Note. An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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Figure S3: Trend lines for physical behaviours. 

Figure S3 (Supporting Information). Trend Lines for the 102 ICU Nurses’ Physical Behaviours Over a 12-Hour Day and Night Shift. 
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Table S6: Physical work activity patterns. 

 
 

Table S6 (Supporting Information)  

Physical Work Activity Behavioural Patterns for Participants (N (%)) Over a 12-Hour Day and Night 

Shift 

Time period  Sitting Lying Standing Dynamic 

standing 

Walking  

A 12-

hour 

DAY 
shift 

(N =53) 

0700-0800 0700-0715 20 (38.5) 0  19 (37.3) 8 (15.8) 4 (8.2) 

0715-0730 4 (7.2) 0 31 (60.3) 14 (26.7) 3 (5.8) 

0730-0745 3 (5.1) 0  25 (47.8) 20 (37.5) 5 (9.6) 

0745-0800 3 (5.8) 0 25 (48.4) 18 (34.8) 6 (10.9) 

0800-0900 0800-0815 3 (6.0) 0 26 (49.5) 18 (35.3) 5 (9.2) 

0815-0830 4 (6.8) 0 24 (45.7) 19 (35.9) 6 (11.6) 

0830-0845 4 (6.6) 0 24 (45.2) 19 (36.9) 6 (11.2) 

0845-0900 6 (12.4) 0  25 (48.3) 16 (30.5) 5 (8.8) 

0900-1000 0900-0915 10 (18.3) 0 21 (39.8) 16 (29.8) 6 (12.0) 

0915-0930 14 (27.4) 1 (1.0) 19 (36.2) 14 (27.7) 4 (7.6) 

0930-0945 13 (24.8) 1 (2.0) 18 (35.0) 14 (27.6) 6 (10.7) 

0945-1000 15 (28.5) 1 (1.5) 19 (37.0) 13 (24.8) 4 (8.2) 

1000-1100 1000-1015 12 (23.5) 0 19 (37.0) 15 (29.4) 5 (10.1) 

1015-1030 12 (22.3) 0  20 (38.8) 16 (30.1) 5 (8.8) 

1030-1045 7 (13.4) 0 (0) 23 (44.3) 17 (33.0) 5 (9.3) 

1045-1100 6 (11.4) 0 (.2) 23 (44.0) 18 (33.9) 6 (10.6) 

1100-1200 1100-1115 6 (10.7) 0 (0) 24 (46.3) 18 (34.4) 4 (8.5) 

1115-1130 9 (17.9) 0 (0) 21 (40.6) 17 (32.9) 4 (8.7) 

1130-1145 7 (14.3) 0 (0) 22 (41.8) 18 (34.5) 5 (9.5) 

1145-1200 5 (10.0) 0  22 (42.8) 18 (35.3) 6 (11.8) 

1200-1300 1200-1215 6 (12.6) 0  19 (37.4) 19 (37.3) 7 (12.8) 

1215-1230 13 (24.2) 0  19 (37.0) 15 (29.3) 5 (9.5) 

1230-1245 13 (25.7) 0 (.4) 18 (34.3) 15 (28.7) 6 (10.8) 

1245-1300 11 (21.8) 1 (1.4) 18 (33.8) 16 (31.0) 6 (12.0) 

1300-1400 1300-1315 16 (30.9) 0  16 (29.8) 15 (28.3) 6 (10.9) 

1315-1330 19 (36.6) 0 (.1) 15 (28.9) 13 (25.7) 4 (8.6) 

1330-1345 14 (27.1) 0 18 (35.2) 15 (28.9) 5 (8.8) 

1345-1400 14 (27.9) 0 17 (33.3) 15 (28.4) 6 (10.4) 

1400-1500 1400-1415 10 (19.6) 0  20 (38.0) 16 (30.6) 6 (11.7) 

1415-1430 12 (22.7) 0  17 (33.4) 17 (32.2) 6 (11.7) 

1430-1445 16 (31.7) 0  17 (32.2) 14 (27.0) 5 (9.0) 

1445-1500 14 (27.4) 0  17 (32.7) 15 (29.5) 5 (10.4) 

1500-1600 1500-1515 12 (23.8) 0  18 (34.2) 16 (31.8) 5 (10.2) 

1515-1530 14 (26.0) 0  19 (35.8) 15 (28.9) 5 (9.3) 

1530-1545 14 (27.6) 0  19 (35.9) 15 (28.2) 4 (8.2) 

1545-1600 10 (18.7) 1 (1.1) 22 (41.7) 16 (29.9) 4 (8.7) 

1600-1700 1600-1615 11 (21.4) 0  20 (39.2) 15 (29.4) 5 (10.0) 

1615-1630 15 (28.1) 0 (.1) 18 (34.5) 14 (27.8) 5 (9.6) 

1630-1645 14 (27.2) 0 (.3) 17 (32.4) 17 (30.9) 5 (9.2) 

1645-1700 12 (23.4) 1 (1.9) 17 (33.3) 16 (30.8) 6 (10.6) 

1700-1800 1700-1715 13 (25.3) 0 (.5) 18 (35.2) 15 (29.4) 5 (9.6) 

1715-1730 14 (26.2) 0 (.8) 18 (33.6) 16 (29.7) 5 (9.6) 

1730-1745 12 (22.8) 1 (1.9) 19 (37.3) 15 (29.1) 5 (9.0) 

1745-1800 12 (22.2) 0 (.1) 20 (38.7) 15 (28.3) 6 (10.7) 

1800-1900 1800-1815 10 (18.9) 0  21 (39.8) 16 (29.8) 6 (11.4) 

1815-1830 10 (20.0) 1 (1.4) 20 (37.9) 16 (30.6) 5 (10.1) 

1830-1845 13 (24.5) 0  20 (38.9) 15 (28.5) 4 (8.1) 
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Time period  Sitting Lying Standing Dynamic 

standing 

Walking  

1845-1900 12 (23.6) 0  19 (37.2) 14 (26.6) 7 (12.7) 

A 12-

hour 

NIGHT 

Shift 

(N=51) 

1900-2000 1900-1915 18 (36.5) 0  18 (36.2) 9 (17.8) 5 (9.5) 

1915-1930 4 (7.5) 0  29 (57.2) 14 (27.5) 4 (7.8) 

1930-1945 2 (3.8) 0 25 (49.2) 19 (37.4) 5 (9.7) 

1945-2000 3 (5.5) 0  25 (50.3) 17 (33.5) 5 (10.7) 

2000-2100 2000-2015 2 (4.8) 0  25 (49.8) 17 (33.8) 6 (11.6) 

2015-2030 7 (13.3) 0  22 (44.3) 16 (32.8) 5 (9.6) 

2030-2045 5 (10.5) 0  24 (48.3) 17 (33.6) 4 (7.6) 

2045-2100 5 (9.5) 0  24 (48.5) 17 (33.5) 4 (8.2) 

2100-2200 2100-2115 8 (16.3) 0  21 (41.3) 17 (33.1) 5 (9.3) 

2115-2130 11 (21.9) 0  20 (39.6) 15 (30.0) 4 (8.4) 

2130-2145 14 (28.6) 0 20 (39.4) 12 (25.0) 4 (7.0) 

2145-2200 16 (32.3) 0 (.2) 18 (36.4) 11 (22.7) 4 (8.5) 

2200-2300 2200-2215 17 (34.9) 1 (1.9) 16 (31.4) 12 (23.2) 4 (8.5) 

2215-2230 17 (34.8) 0 (.1) 15 (30.2) 13 (26.9) 4 (8.1) 

2230-2245 15 (30.3) 0 (.1) 18 (35.0) 13 (26.0) 4 (8.5) 

2245-2300 15 (30.2) 0 18 (35.8) 13 (25.8) 4 (8.2) 

2300-2400 2300-2315 12 (24.2) 0 (.4) 19 (37.4) 14 (27.9) 5 (10.3) 

2315-2330 11 (22.9) 0 20 (39.3) 15 (29.2) 4 (8.7) 

2330-2345 13 (26.8) 0 20 (40.4) 13 (25.9) 3 (6.9) 

2345-2400 14 (27.4) 0 19 (37.4) 13 (26.5) 4 (8.7) 

0000-0100 0000-0015 13 (26.7) 0 (.7) 20 (39.1) 12 (24.6) 4 (8.8) 

0015-0030 18 (35.2) 2 (3.1) 16 (31.0) 11 (22.1) 4 (8.5) 

0030-0045 17 (34.0) 5 (9.5) 14 (28.0) 11 (21.2) 4 (7.3) 

0045-0100 16 (31.4) 4 (8.7) 15 (29.2) 11 (22.7) 4 (8.1) 

0100-0200 0100-0115 15 (29.3) 6 (11.9) 15 (30.6) 10 (20.9) 4 (7.2) 

0115-0130 20 (40.5) 8 (15.9) 11 (22.0) 8 (15.1) 3 (6.5) 

0130-0145 20 (40.7) 8 (16.9) 10 (20.1) 8 (15.7) 3 (6.6) 

0145-0200 17 (33.3) 8 (16.4) 13 (25.2) 10 (19.3) 3 (5.8) 

0200-0300 0200-0215 14 (29.1) 8 (15.5) 16 (31.6) 10 (19.4) 2 (4.5) 

0215-0230 18 (36.6) 7 (13.4) 14 (28.3) 8 (16.9) 2 (4.7) 

0230-0245 15 (29.1) 6 (16.9) 14 (28.2) 9 (18.6) 4 (7.2) 

0245-0300 14 (28.0) 8 (15.8) 14 (28.5) 11 (21.1) 3 (6.5) 

0300-0400 0300-0315 18 (35.6) 7 (14.4) 13 (26.4) 9 (17.9) 3 (5.7) 

0315-0330 18 (35.9) 8 (16.5) 12 (23.8) 8 (17.1) 3 (6.8) 

0330-0345 20 (39.3) 9 (18.9) 10 (19.0) 8 (16.4) 3 (6.5) 

0345-0400 17 (33.3) 10 (20.7) 12 (25.0) 8 (16.6) 2 (4.4) 

0400-0500 0400-0415 12 (24.7) 8 (17.0) 15 (30.4) 11 (21.6) 3 (6.3) 

0415-0430 17 (33.4) 9 (17.2) 13 (25.3) 9 (18.1) 3 (6.0) 

0430-0445 16 (33.1) 9 (17.8) 13 (25.4) 9 (18.0) 3 (5.7) 

0445-0500 12 (25.1) 7 (13.7) 18 (35.0) 10 (20.1) 3 (6.2) 

0500-0600 0500-0515 12 (23.7) 4 (8.1) 18 (35.5) 12 (24.2) 4 (8.5) 

0515-0530 13 (26.8) 8 (7.6) 16 (32.1) 13 (25.5) 4 (8.0) 

0530-0545 10 (20.5) 2 (4.2) 19 (38.0) 14 (28.3) 4 (9.1) 

0545-0600 7 (13.1) 1 (1.4) 21 (41.5) 17 (34.3) 5 (9.7) 

0600-0700 0600-0615 5 (10.8) 0 22 (44.8) 17 (33.7) 5 (10.7) 

0615-0630 8 (16.2) 0 22 (43.0) 15 (30.6) 5 (10.2) 

0630-0645 12 (24.5) 0 19 (37.7) 13 (26.7) 6 (11.1) 

0645-0700 14 (27.3) 0 19 (38.6) 13 (25.4) 4 (8.6) 
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Figure S4: Normality tests for distribution. 

 
 Figure S4 (Supporting Information). Normality Tests for Distribution of Each Type of Physical Behaviour 
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Appendix X: Additional Supporting Information 

 
Additional supporting information includes (1) resilience levels by 

sociodemographic and health behavioural factors, (2) correlations between resilience and 

physical activity variables, (3) stepwise multivariable analysis (with and without ICU as a 

fixed variable), (4) nonsignificant associations between resilience and four clusters, (5) 

analysis of answers for the Connor-Davidson Resilience Scale 25, and (6) the framework 

for designing a resilience intervention study, proposed by Chmitorz et al. (2018). 

 

Resilience levels by sociodemographic factors and 

health behaviours. 

Tables A and B were copied from Table S4 (supporting information in Appendix 

VIII) in Chapter 5. Table A shows the resilience levels by sociodemographic factors, while 

Table B demonstrates the resilience levels by health behaviours. The following 

information is used to support Study 1 (section 5.4.2.1: Resilience) in Chapter 5. 

 

Resilience by sociodemographic factors. 

Table A shows that in the total sample (N = 93), the participants aged 35 years 

old or older had a higher level of resilience (M = 74.1, SD = 8.5) than those who were 

aged between 20 and 34 years old (M = 72.6, SD = 10.0). In this resilient group (35+ 

years old), ICU3 showed the highest resilience mean score (M = 77.3, SD = 11.4), while 

ICU4 exhibited the lowest resilience mean score (M = 66.0, SD = 1.7). It is noted that in 

ICU4, the group aged between 20 and 34 years old exhibited a higher mean resilience 

level (M = 71.3, SD = 7.6) than the group aged 35 years old or older (M = 66.0, SD = 1.7). 

Similarly, in ICU2, the group (aged between 20 and 34 years old) showed a higher mean 

resilience score (M = 77.1, SD = 10.1) than the older group (aged 35+) (M = 74.3, SD = 

8.3). 
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    Table A  

    Mean Resilience Levels by Sociodemographic Factors for Each ICU and the Total Sample  

Note. Resilience scores: Ranging from 0 to 100, with higher scores reflecting greater resilience.  

Resilience levels: Lowest (0-73), low-medium (74-82), high-medium (83-90), and high (91-100) (Connor & 

Davidson, 2003).  

Subgroups marked with * means n = 0 or 1 in each unit or the total sample, so there were no computed results for 

the mean resilience levels of these subgroups. 

“No nights” refers to “Do not work night shifts at all”. 

Demographic variables ICU1 

(n = 31) 

ICU2 

(n = 27) 

ICU3 

(n = 23) 

ICU4 

(n = 12) 

Sample 

(N = 93) 

Resilience score (SD)  71.7 (9.5) 75.7 (9.2) 73.1 (11.0) 70.0 (6.9) 73.0 (9.6) 

Average resilience level  Lowest Low/medium Lowest  Lowest Lowest 

Age group 20-34 71.3 (10.0) 77.1 (10.1) 71.6 (10.8) 71.3 (7.6) 72.6 (10.0) 

35+ 74.5 (4.4) 74.3 (8.3) 77.3 (11.4) 66.0 (1.7) 74.1 (8.5) 

Sex Male 74.0 (11.1) 81.0 (10.3) 79.7 (12.6) 69.5 (3.5) 76.9 (11.0) 

Female 70.6 (8.7) 73.9 (8.3) 70.8 (9.7) 70.1 (7.6) 71.5 (8.6) 

Marital status Single 69.1 (8.6) 72.9 (6.6) 69.4 (9.6) 70.9 (8.7) 70.4 (8.3) 

Married 78.0 (9.0) 78.8 (10.8) 77.1 (11.4) 68.8 (4.1) 76.8 (10.1) 

Religious beliefs Yes 75.2 (8.2) 79.7 (9.6) 79.4 (11.5) 71.0 (7.2) 76.8 (9.4) 

No 66.2 (9.0) 70.8 (5.9) 69.0 (8.8) 69.0 (7.2) 68.7 (7.9) 

Ethnicity European 67.2 (8.2) 73.7 (7.1) 70.3 (8.9) 69.0 (6.9) 70.6 (8.0) 

Other  73.5 (9.5) 78.3 (11.0) 76.3 (12.5) 71.4 (7.5) 75.1 (10.4) 

Family dependents 0 71.7 (8.1) 75.8 (8.6) 68.0 (8.1) 69.4 (7.3) 71.7 (8.4) 

1+ 71.7 (12.8) 75.7 (10.4) 79.7 (11.0) 70.8 (7.3) 75.1 (11.0) 

Highest qualification  Undergraduate  71.0 (9.9) 80.1 (8.8) 76.3 (12.4) 70.2 (7.9) 73.8 (10.3) 

Postgraduate  72.4 (9.3) 74.2 (9.1) 71.7 (10.4) 69.9 (6.9) 72.5 (9.2) 

 Working part-time 

or full-time 

Part-time*      70.8 (7.7) 78.3 (5.9)  71.8 (7.6) 

Full-time*     71.8 (9.6) 77.8 (9.1) 72.3 (11.5) 70.6 (7.0) 73.2 (9.9) 

Working night shifts Permanently* 61.67 (10.6) 74.2 (12.6)   70.8 (12.9) 

Fortnightly 72.5 (9.2) 77.3 (9.5) 75.3 (11.4) 70.0 (7.0) 73.8 (9.6) 

Monthly/ No nights*  75.0 (6.1) 72.3 (5.7) 67.9 (8.9)  70.7 (7.6) 

Years of nursing 

experience 

 

Under 2 74.5 (6.4) 73.0 (8.5) 67.5 (13.4) 71.0 (0.0) 71.5 (7.1) 

2 to 5* 68.0 (9.3) 75.8 (6.9) 67.5 (8.1)  69.5 (8.7) 

6 to 10 72.6 (10.8) 76.8 (14.5) 76.0 (14.6) 71.0 (9.5) 73.7 (11.7) 

 11+    75.4 (5.7) 75.6 (8.2) 78.6 (8.0) 68.0 (4.2) 75.3 (7.7) 

Years of ICU 

nursing experience 

Under 2 70.3 (7.2) 76.8 (11.3) 76.5 (13.8) 73.5 (4.4) 74.2 (9.9) 

2 to 5* 71.8 (9.8) 77.0 (10.3) 67.3 (8.2)  71.3 (9.9) 

6 to 10 72.3 (11.8) 73.5 (8.6) 80.3 (4.5) 70.0 (9.1) 73.3 (9.7) 

11+ *    75.3 (8.9) 80.3 (11.0) 69.3 (4.0) 75.0 (8.6) 
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The male participants in the total sample were reported having a higher mean 

level of resilience (M = 76.9, SD = 11.0), compared to the females (M = 71.5, SD = 8.6). 

In this male group, ICU2 appeared the highest mean resilience level (M = 81.0, SD = 

10.3), and ICU4 showed the lowest mean resilience level (M = 69.5, SD = 3.5). 

Interestingly, the married nurses in the total sample exhibited a higher mean level of 

resilience (M = 76.8, SD = 10.1) than the single nurses (M = 70.4, SD = 8.3). In the 

married nurses’ group, ICU1, ICU2, and ICU3 all reported a higher level of resilience (M = 

78.0, SD = 9.0; M = 78.8, SD = 10.8; M = 77.1, SD = 11.4) than ICU4 (M = 68.8, SD = 

4.1). 

 

In the total sample, the religious nurses’ resilience mean level (M = 76.8, SD = 

9.4) was higher than the nonreligious nurses (M = 68.7, SD = 7.9). In the religious group, 

the mean resilience levels in ICU2 (M = 79.7, SD = 9.6) and ICU3 (M = 79.4, SD = 11.5) 

were similar, and they were higher than those in ICU1 (M = 75.2, SD = 8.2) and ICU4 (M 

= 71.0, SD = 7.2). Non-Europeans in the total sample exhibited a higher mean resilience 

level (M = 75.1, SD = 10.4) than Europeans (M = 70.6, SD = 8.0). Within the non-

European group, ICU2 was found to have the highest mean level of resilience (M = 78.3, 

SD = 11.0). 

 

The nurses with nonfamily dependents in the total sample reported a lower level 

of resilience (M = 71.7, SD = 8.4) than those who had one or more family dependents (M 

= 75.1, SD = 11.0). The nurses having one or more children in ICU3 appeared to have 

the highest mean level of resilience (M = 79.7, SD = 11.0). Interestingly, in the total 

sample, the nurses who had an undergraduate degree exhibited a higher mean level of 

resilience (M = 73.8, SD = 10.3) than those who had a postgraduate qualification (M = 

72.5, SD = 9.2). In the group that attained an undergraduate qualification, ICU2 

demonstrated the highest mean level of resilience (M = 80.1, SD = 8.8).  

 

Unexpectedly, the nurses working full-time in the total sample showed a higher 

level of resilience (M = 73.2, SD = 9.9) than those working part-time (M = 71.8, SD = 7.6). 
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The nurses working full-time in ICU2 reported the highest mean level of resilience (M = 

77.8, SD = 9.1). In the total sample, the nurses who worked night shifts fortnightly had the 

highest mean resilience level (M = 73.8, SD = 9.6), compared to those from other 

subgroups (working permanent nights, working nights monthly/do not work nights at all). 

Within this resilient subgroup (working night shifts fortnightly), ICU2 also had the highest 

resilience level (M = 77.3, SD = 9.5). 

 

In the total sample, the nurses who had 11 years or more of nursing experience 

revealed the highest mean level of resilience (M = 75.3, SD = 7.7), compared to those 

from other subgroups (working less than two years; two to five years; six to ten years). 

The nurses working 11 years or more in ICU3 exhibited the highest mean level of 

resilience (M = 78.6, SD = 8.0), compared to those from ICU1 (M = 75.4, SD = 5.7), ICU2 

(M = 75.6, SD = 8.2), and ICU4 (M = 68.0, SD = 4.2).  

 

In the total sample, the nurses who worked in ICU for 11 years or more had the 

highest mean level of resilience (M = 75.0, SD = 8.6), compared to those from other 

subgroups (working under two years, two to five years, or six to ten years). In this resilient 

subgroup (11+ years of ICU nursing experience), ICU3 also showed the highest mean 

level of resilience (M = 80.3, SD = 11.0), compared to ICU2 (M = 75.3, SD = 8.9) and 

ICU4 (M = 69.3, SD = 4.0). 

 

Resilience by health behaviours. 

Table B shows that in the total sample, the participants who exercised one to two 

times a week had the highest mean level of resilience (M = 76.6, SD = 11.4), compared to 

those from other subgroups (exercising 3-4 times/per week; exercising 5+ times/per 

week; never; do not know/prefer not to answer). It is noted that in ICU3, the participants 

who exercised one to two times a week were also the most resilient nurses (M = 82.6, SD 

= 9.2), compared to those from other subgroups in the same unit. 
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Table B  

Mean Resilience Levels by Health Behaviours for Each ICU and the Total Sample  

Note. Resilience scores: Ranging from 0 to 100, with higher scores reflecting greater resilience.  

Resilience levels: Lowest (0-73), low-medium (74-82), high-medium (83-90), and high (91-100) (Connor & 

Davidson, 2003).  

Subgroups marked with * means n = 0 or 1 in each unit or the total sample, so there were no computed results 

for the mean resilience levels of these subgroups. 

“Unanswered” refers to “Prefer not to answer”.  

  

Health behavioural variables ICU1 

(n = 31) 

ICU2 

(n = 27) 

ICU3 

(n = 23) 

ICU4 

(n = 12) 

Sample 

(N = 93) 

Frequency of 

physical 

activities per 

week 

1-2 *                71.8 (12.3) 77.9 (10.8) 82.6 (9.2)  76.6 (11.4) 

3-4               73.7 (9.7) 75.4 (7.1) 70.4 (9.6) 69.4 (8.0) 72.4 (8.8) 

5+               69.5 (6.0) 71.0 (2.6) 81.3 (6.4) 71.0 (7.2) 72.4 (6.7) 

Never* 68.0 (6.2)  59.5 (2.1)  64.3 (5.9) 

Don’t know/unanswered*        70.0 (8.9) 83.5 (14.8) 65.5 (9.2)  71.9 (11.0) 

Cigarettes 

smoked/a day 

None 71.7 (9.6) 75.7 (9.2) 73.1 (11.0) 70.0 (6.9) 73.0 (9.6) 

Less than 5*      

Cups of 

coffee 

consumed/per 

day 

None 73.1 (7.4) 79.4 (14.6) 74.0 (13.5) 73.8 (3.6) 74.9 (9.5) 

1-2 71.1 (10.5) 74.7 (8.2) 72.7 (11.4) 67.8 (8.3) 72.1 (10.0) 

3+* 71.3 (10.3) 75.2 (7.6) 74.7 (10.1)  73.3 (8.7) 

Frequency of 

alcohol 

consumption 

None 70.0 (10.6) 82.8 (9.9) 73.4 (14.0) 72.2 (6.2) 73.2 (10.9) 

Monthly or less 73.5 (9.7) 75.6 (9.6) 76.0 (10.5) 65.8 (6.9) 74.0 (9.8) 

Up to 4 times a month 69.4 (7.9) 76.3 (9.2) 67.0 (9.4) 72.0 (11.3) 71.4 (9.3) 

4 or more times a week* 74.5 (9.2) 69.6 (4.8)   71.7 (5.4) 

Usual sleep 

duration per 

24-hour 

period 

5-6* 74.8 (9.9) 75.2 (8.4) 76.8 (5.3)  74.7 (8.8) 

7+ 69.7 (9.2) 75.0 (8.9) 73.8 (11.6) 70.7 (6.8) 72.6 (9.5) 

Do not know*   60.0 (1.4)  71.0 (16.1) 

Sleep 

medication  

No  71.1 (9.4) 75.5 (9.3) 74.5 (11.6) 70.1 (6.0) 73.1 (9.6) 

Yes 79.5 (9.2) 78.5 (10.6) 69.2 (8.8) 69.7 (11.1) 72.3 (9.5) 

Sleep quality 

over the last 

30 days 

Very good 76.0 (4.2) 69.7 (8.6) 65.0 (5.6) 70.3 (2.9) 69.7 (6.3) 

Fairly good 70.6 (10.7) 76.9 (10.1) 76.5 (11.8) 71.4 (7.7) 73.9 (10.6) 

Fairly bad/Very bad 73.9 (5.7) 75.3 (6.2) 70.3 (9.4) 64.5 (9.2) 72.3 (7.6) 

General 

health status 

Excellent / Very good 76.6 (6.9) 75.9 (7.9) 71.5 (10.2) 70.8 (7.0) 74.4 (8.2) 

Good / Fair 69.9 (9.7) 75.6 (10.8) 73.9 (11.6) 69.6 (7.4) 72.2 (10.3) 
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The mean level of resilience for nonsmokers in the total sample was 73.0 (SD = 

9.6), while ICU2 (nonsmokers) had the highest mean level of resilience (M = 75.7, SD = 

9.2). Noncoffee drinkers in the total sample appeared to have the highest resilience level 

(M = 74.9, SD = 9.5), compared to the coffee consumers (1-2 cups/per day or 3+ 

cups/per day). Noncoffee drinkers in ICU2 exhibited the highest mean level of resilience 

(M = 79.4, SD = 14.6), compared to those from other ICUs (ICU1: M = 73.1, SD = 7.4; 

ICU3: M = 74.0, SD = 13.5; ICU4: M = 73.8, SD = 3.6). It is noted that in ICU1, ICU2, and 

ICU4, noncoffee drinkers showed a higher mean resilience level than coffee drinkers. 

 

In the total sample, the nurses who consumed alcohol monthly or less showed a 

slightly higher resilience level (M = 74.0, SD = 9.8) than those from other subgroups 

(nonalcohol consumption; up to 4 times/a month; 4 or more times/a week). Nondrinkers in 

ICU2 reported the highest mean level of resilience (M = 82.9, SD = 9.9), and monthly (or 

less) drinkers in ICU3 also showed the highest mean level of resilience (M = 76.0, SD = 

10.5), compared to those from other units.   

 

Interestingly, in the total sample, the nurses with five to six hours sleep duration 

had a higher mean level of resilience (M = 74.7, SD = 8.8), compared to those with seven 

hours or longer sleep duration (M = 72.6, SD = 9.5) and those who reported “Do not 

know” (M = 71.0, SD = 16.1). ICU3 reported that the nurses with five to six hours sleep 

duration exhibited the highest mean level of resilience (M = 76.8, SD = 5.3). In the total 

sample, the nurses who did not use sleep medication showed a slightly higher mean level 

of resilience (M = 73.1, SD = 9.6) than the sleep medication users (M = 72.3, SD = 9.5). 

However, ICU1 showed that nurses taking sleeping pills had the highest mean level of 

resilience (M = 79.5, SD = 9.2). 

 

In the total sample, the nurses who ranked their sleep quality as fairly good had 

the highest mean level of resilience (M = 73.9, SD = 10.6), compared to those from other 

two subgroups (very good sleep quality, or fairly bad/very bad sleep quality). In this 

resilient group (fairly good sleep quality), the mean resilience level (M = 76.9, SD = 10.1) 



                                                                                                                         Appendices 

 262 

in ICU2 was similar to that in ICU 3 (M = 76.5, SD = 11.8). From the total sample, the 

nurses who rated their health status as excellent or very good exhibited a higher mean 

level of resilience (M = 74.4, SD = 8.2) than those who classified their health status as 

good or fair (M = 72.2, SD = 10.3). The ICU1 nurses reporting an excellent or very good 

general health status showed the highest mean level of resilience (M = 76.6, SD = 6.9). 

 

Correlations between resilience and physical activity 

variables. 

Table C summarises the correlations between resilience and physical activity 

variables. Within the job demand category (over two 12-hour shifts), the table reveals that 

resilience was positively correlated with moderate to vigorous physical activity (r = .2, p 

= .021), dynamic standing (r = .3, p = .010), and occupational physical activity (r = .2, p 

= .047). Within the recovery category (two nonworkdays), resilience was negatively 

correlated with sleep (r = -.2, p = .026). The information is used to support Study 1 

(section 5.4.3.1: Bivariable analysis) in Chapter 5. 
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Table C  

Correlations of Resilience and Physical Activity Behavioural Variables (N = 93) 

Note. *.Correlation is significant at the .05 level (2-tailed). 

**.Correlation is significant at the .01 level (2-tailed). 

The low values from this table (which become zero if rounded to one digit) have been presented as percentages. 

Moderate to vigorous physical activity consists of moderate intensity and vigorous intensity physical activity. 

Occupational physical activity consists of standing, dynamic standing, walking, and running behaviours over two 12-hour 

shifts. 

Leisure time physical activity consists of dynamic standing, walking and running behaviours over two nonworkdays. 

Sedentary time comprises sitting and lying (excluding sleeping) behaviours over two nonworkdays. 

p < .05 is statistically significant and indicated in bond. 

 
  

r (Correlation coefficients) 

 

                  

             p value 

 Resilience Job demands during  two 

12-hour shifts 

Recovery during two nonworkdays 

(leisure time) 

1. 2. 3. 4. 5. 6. 7.  8. 

Resilience 

 

 

1. Resilience 

scores 

 

 

  

 

     

Job demands 

during two 

12-hour shifts  

2. Moderate to 

vigorous 

physical activity 

.2* 
 
.021 

       

3. Dynamic 

standing  

.3* 
 
.010 

.5** 
 
< .001 

      

4. Occupational 

physical activity 

.2* 
 
.047 

.3** 
 
.009 

.7** 
 
< .001 

     

Recovery 

during two 

nonworkdays 

(leisure time) 

5. Moderate to 

vigorous 

physical activity 

.2 

 

.117 

.1 

 

.246 

.1 

 

.326 

.1 

 

.416 

    

6. Leisure time 

physical activity 

.1 

 

.193 

.1 

 

.479 

.2 

 

.054 

.2* 
 
.025 

.7** 
 
< .001 

   

7. Sedentary 

time 

3.8% 

 

.717 

-.9% 

 

.935 

-5.2% 

 

.621 

-3.7% 

 

.722 

-.2* 
 
.039 

-.4* 
 
< .001 

  

8. Sleep  -.2* 
 
.026 

.    .1 

 

.475 

-.1 

 

.182 

-.2 

 

.133 

-.2 

 

.151 

-.3* 
 
.015 

.3** 
 
.005 
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Stepwise multivariable analysis.  

A 7-step multivariable linear regression (with and without ICU as a fixed factor) 

was carried out by removing the variable (with the largest nonsignificant p-value) from the 

group at each step (Table D [without ICU] and Table E [with ICU]). The information is 

used to support Study 1 (section 5.4.3.2 Multivariable analysis) in Chapter 5. 

 

Table D  

A 7-Step Multivariable Analysis Without "ICU" as a Fixed Factor  

   

 

Steps 

Independent variables B Std. 

Error  

ß t p 95% CI 

Step 1: Include 

all the variables 

with p < .100 in 

the group 

(shown in Table 

11) 

Sex -3.0 2.2 -.1 -1.4 .180 [-7.4, 1.4] 

Marital status  3.8 2.1 .2 1.8 .072 [-.4, 8.0] 

Religious beliefs -5.3 2.1 -.3 -2.5 .014 [-9.5, -1.1] 

Ethnicity  .1 2.1 .7% .1 .946 [-4.0, 4.3] 

Family dependents 1.6 2.1 .1 .8 .455 [-4.0, 5.8] 

Frequency of physical activity 

per week 

-1.2 .8 -.2 -1.5 .135 [-2.8, .4] 

MVPA during two 12-hour 

shifts 

2.2% 1.5% .2 1.5 .140 [-.8%, 5.2%] 

Dynamic standing during two 

12-hour shifts 

-.2% 1.4% -1.9% -.1 .891 [-3.1%, 2.7%] 

Occupational PA during two 

12-hour shifts 

.8% .8% .1 1.0 .342 [-.9%, 2.5%] 

Sleep during two nonworkdays -1.0% .4% -.2 -2.5 .015 [0, -.2] 

Step 2: 

Remove 

“ethnicity” from 

the group  

Sex -3.0 2.1 -.1 -1.4 .160 [-7.2, 1.2] 

Marital status  3.8 2.1 .2 1.8 .069 [-.3, 7.9] 

Religious beliefs -5.4 1.8 -.3 -3.0 .004 [-9.0, -1.8] 

Family dependents 1.6 2.1 .1 .8 .435 [-2.5, 5.8] 

Frequency of physical activity 

per week 

-1.2 .8 -.1 -1.5 .130 [-2.8, .4] 

MVPA during two 12-hour 

shifts 

2.2% 1.5% .2 1.5 .137 [-.7%, 5.2%] 

Dynamic standing during 

two 12-hour shifts 

-.2% 1.4% -1.8% -.1 .896 [0, .3] 

Occupational PA during two 

12-hour shifts 

.8% .8% .1 1.0 .340 [-.9%, 2.5%] 
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Steps 

Independent variables B Std. 

Error  

ß t p 95% CI 

Sleep during two nonworkdays -1.0% .4% -.2 -2.5 .014 [-1.7%, -.2%] 

Step 3: 

Remove 

“dynamic 

standing during 

two 12-hour 

shifts” from the 

group 

Sex -3.0 2.1 -.1 -1.4 .159 [-7.1, 1.2] 

Marital status  3.7 2.0 .2 1.9 .068 [-.3, 7.9] 

Religious beliefs -5.4 1.8 -.3 -3.0 .004 [-9.0, -1.8] 

Family dependents 1.6 2.1 .1 .8 .432 [-2.5, 5.7] 

Frequency of physical activity 

per week 

-1.2 .8 -.1 -1.5 .129 [-2.7, .4] 

MVPA during two 12-hour 

shifts 

2.2% 1.4% .2 1.6 .121 [-.6%, 4.9%] 

Occupational PA during two 

12-hour shifts 

.7% .6% .1 1.2 .241 [-.5, 2.0%] 

Sleep during two nonworkdays -1.0% .4% -.2 -2.5 .013 [-1.7%, -.2%] 

Step 4: 

Remove “family 

dependents” 

from the group 

Sex -2.7 2.1 -.1 -1.3 .196 [-6.8, 1.4] 

Marital status  4.7 1.7 .2 2.7 .009 [1.2, 8.1] 

Religious beliefs -5.2 1.8 -.3 -2.9 .005 [-8.7, -1.6] 

Frequency of physical activity 

per week 

-1.4 .7 -.2 -1.8 .070 [-2.8, .1] 

MVPA during two 12-hour 

shifts 

2.1% 1.4% .1 1.5 .125 [-.6%, 4.9%] 

Occupational PA during two 

12-hour shifts 

.7% .6% .1 1.2 .250 [-.5%, 1.9%] 

Sleep during two nonworkdays -1.0% .4% -.2 -2.5 .013 [-1.7%, -.2%] 

Step 5: 

Remove 

“occupational 

PA during two 

12-hour shifts” 

from the group 

Sex -2.3 2.0 -.1 -1.1 .260 [-6.4, 1.7] 

Marital status  4.8 1.7 .2 2.8 .007 [1.4, 8.3] 

Religious beliefs -5.4 1.8 -.3 -3.1 .003 [-9.0, -1.9] 

Frequency of physical activity 

per week 

-1.2 .7 -.2 -1.7 .098 [-2.7, .2] 

MVPA during two 12-hour 

shifts 

2.6% 1.3% .2 2.0 .048 [0, 5.3%] 

Sleep during two nonworkdays -1.0% .4% -.2 -2.7 .007 [-1.8%, -.3%] 

Step 6: 

Remove “sex” 

from the group 

Marital status  4.9 1.7 .3 2.8 .006 [1.4, 8.3] 

Religious beliefs -5.7 1.8 -.3 -3.3 .002 [-9.2, -2.2] 

Frequency of physical 

activity per week 

-1.4 .7 -.2 -2.0 .054 [-2.8, 0] 

MVPA during two 12-hour 

shifts 

3.1% 1.3% .2 2.4 .017 [.6%, 5.6%] 
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Steps 

Independent variables B Std. 

Error  

ß t p 95% CI 

Sleep during two nonworkdays -1.0% .4% -.2 -2.7 .009 [-1.7%, -.3%] 

Step 7: 

Remove 

“frequency of 

physical activity 

per week” from 

the group 

Marital status  4.6 1.8 .2 2.6 .011 [1.1, 8.0] 

Religious beliefs -6.5 1.7 -.3 -3.8 < .001 [-10.0, -3.1] 

MVPA during two 12-hour 

shifts 

3.0% 1.3% .2 2.4 .021 [.5%, 5.6%] 

Sleep during two 

nonworkdays  

-1.0% .4% -.2 -2.5 .013 [-1.7%, -.2%] 

Note. The low values from this table (which become zero if rounded to one digit) have been presented as 

percentages.  

B refers to Unstandardised Coefficients; ß refers to Standardised Beta; 95% CI refers to 95% Confidence Interval; 

T refers to Collinearity Tolerance; and VIF refers to Variance Inflation Factor. 

MVPA stands for moderate to vigorous physical activity. 

Occupational PA stands for occupational physical activity, consisting of standing, dynamic standing, walking, and 

running behaviours over two 12-hour shifts. 

 

Table E  

A 7-Step Multivariable Analysis With "ICU" as a Fixed Factor  

   

Steps 

Independent variables  B Std.  

Error  

ß t p 95% CI 

Step 1: Include 

all the variables 

with p < .100 in 

the group 

(shown in Table 

11) 

ICU -.2 .9 -2.1% -.2 .826 [-2.0, 1.6] 

Sex  -3.0 2.2 -.1 -1.4 .180 [-7.4, 1.4] 

Marital status  3.9 2.1 .2 1.8 .072 [-.3, 8.1] 

Religious beliefs -5.3 2.1 -.3 -2.5 .015 [-9.5, -1.1] 

Ethnicity  .1 2.1 .5% 4.9% .961 [-4.1, 4.3] 

Family dependents 1.6 2.1 .5% 4.9% .451 [-2.6, 5.9] 

Frequency of physical 

activity per week 

-1.2 .8 -.1 -1.5 .142 [-2.8, .4] 

MVPA during two 12-hour 

shifts 

2.2% 1.5% .2 1.5 .144 [-.8%, 5.2%] 

Dynamic standing during 

two 12-hour shifts 

-.3% 1.5% -2.5% -.2 .860 [-3.2%, 2.7%] 

Occupational PA during 

two 12-hour shifts 

.8% .8% .1 1.0 .341 [-.9%, 2.5%] 

Sleep during two 

nonworkdays 

-1.0% .4% -.2 -2.4 .017 [-1.8%, -.2%] 

Step 2: 

Remove 

ICU -.2 .9 -2.2% -.2 .821 [-2.0, 1.6] 

Sex -3.0 2.1 -.1 -1.4 .161 [-7.3, 1.2] 
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Steps 

Independent variables  B Std.  

Error  

ß t p 95% CI 

“ethnicity” from 

the group  

Marital status  3.9 2.1 .2 1.8 .068 [-.3, 8.0] 

Religious beliefs -5.4 1.8 -.3 -2.9 .005 [-9.0, -.4] 

Family dependents 1.7 2.1 .1 .8 .433 [-2.5, 5.8] 

Frequency of physical 

activity per week 

-1.2 .8 -.1 -1.5 .136 [-2.8, .4] 

MVPA during two 12-hour 

shifts 

2.2% 1.5% .2 1.5 .141 [-.8%, 5.2%] 

Dynamic standing during 

two 12-hour shifts 

-.3% 1.5% 2.4% -.2 .862 [-3.1%, 2.6%] 

Occupational PA during 

two 12-hour shifts 

.8% .8% .1 1.0 .339 [-.9%, 2.5%] 

Sleep during two 

nonworkdays 

-1.0% .4% -.2 -2.5 .016 [-1.8%, .2%] 

Step 3: 

Remove 

“dynamic 

standing during 

two 12-hour 

shifts” from the 

group 

ICU -.2 .9 0 -.2 .845 [-1.9, 1.5] 

Sex -3.0 2.1 -.1 -1.4 .162 [-7.2, 1.2] 

Marital status  3.8 2.1 .2 1.8 .068 [-.3, 7.9] 

Religious beliefs -5.4 1.8 -.3 -2.9 .004 [-9.0, -1.7] 

Family dependents 1.6 2.1 .1 .8 .431 [-2.5, 5.8] 

Frequency of physical 

activity per week 

-1.2 .8 -.1 -1.5 .136 [-2.7, .4] 

MVPA during two 12-hour 

shifts 

2.1% 1.4% .1 1.5 .131 [-.6%, 4.9%] 

Occupational PA during 

two 12-hour shifts 

.7% .6% .1 1.1 .259 [-.5%, 2.0%] 

Sleep during two 

nonworkdays 

-1.0% .4% -.2 -2.5 .015 [-1.8%, -.2%] 

Step 4: 

Remove “family 

dependents” 

from the group 

ICU .1 .9 -1.6% -.2 .867 [-1.9, 1.6] 

Sex -2.7 2.1 -.1 -1.3 .199 [-6.8, 1.4] 

Marital status  4.7 1.8 .2 2.7 .009 [1.2, 8.2] 

Religious beliefs -5.1 1.8 -.3 -2.8 .006 [-8.7,  -1.5] 

Frequency of physical 

activity per week 

-1.3 .7 -.2 -1.8 .074 [-2.8, .1] 

MVPA during two 12-hour 

shifts 

2.1% 1.4% .1 1.5 .134 [-.7%, 4.9%] 

Occupational PA during 

two 12-hour shifts 

.7% .6% .1 1.1 .266 [-.5%, 1.9%] 
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Steps 

Independent variables  B Std.  

Error  

ß t p 95% CI 

Sleep during two 

nonworkdays 

-1.0% .4% -.2 -2.5 .015 [-1.8%, .2%] 

Step 5: 

Remove 

“occupational 

PA during two 

12-hour shifts” 

from the group 

ICU -.3 .9 -2.9% -.3 .751 [-1.9, 1.4] 

Sex -2.3 2.0 -.1 -1.3 .261 [-6.4, 1.8] 

Marital status  4.9 1.7 .3 2.8 .006 [1.4, 8.4] 

Religious beliefs -5.4 1.8 -.3 -3.0 .004 [-9.0, -1.8] 

Frequency of physical 

activity per week 

-1.2 .7 -.2 -1.6 .103 [-2.7, .3] 

MVPA during two 12-hour 

shifts 

2.6% 1.3% .2 1.9 .058 [-.1%, 5.2%] 

Sleep during two 

nonworkdays 

-1.1% .4% -.2 -2.7 .008 [-1.8%, .3%] 

Step 6: 

Remove “sex” 

from the group 

ICU -.3 .9 -2.9% -.3 .757 [-2.0, 1.4] 

Marital status 4.9 1.8 .3 2.8 .006 [1.4, 8.4] 

Religious beliefs -5.7 1.8 -.3 -3.2 .002 [-9.2, -2.1] 

Frequency of physical 

activity per week 

-1.4 .7 -.2 -1.9 .058 -[2.8, 0] 

MVPA during two 12-hour 

shifts 

3.0% 1.3% .2 2.3 .022 [.4%, 5.6%] 

Sleep during two 

nonworkdays 

-1.0% .4% -.2 -2.6 .010 [-1.8%, -.3%] 

Step 7: 

Remove 

“frequency of 

physical activity 

per week” from 

the group 

ICU -.3 .7 -3.7% -.4 .693 [-2.1, 1.4] 

Marital status 4.7 1.8 .2 2.6 .010 [-2.1, 1.4] 

Religious beliefs -6.4 1.8 -.3 -3.7 < .001 [-10.0, -3.0] 

MVPA during two 12-hour 

shifts 

3.0% 1.3% .2 2.3 .026 [.4%, 5.6%] 

Sleep during two 

nonworkdays  

-1.0% .4% -.2 -2.5 .013 [-1.8%, -.2%] 

Note. The low values from this table (which become zero if rounded to one digit) have been presented as 

percentages. 

B refers to Unstandardised Coefficients; ß refers to Standardised Beta; 95% CI refers to 95% Confidence Interval; 

T refers to Collinearity Tolerance; and VIF refers to Variance Inflation Factor. 

MVPA stands for moderate to vigorous physical activity. 

Occupational PA stands for occupational physical activity, consisting of standing, dynamic standing, walking, and 

running behaviours over two 12-hour shifts. 
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Nonsignificant associations between resilience and 

physical activity profiles. 

Linear regression was performed between resilience and the four physical activity 

profiles, and the model was adjusted for marital status and religious beliefs. The results in 

Table F shows that there was no association between resilience and the four profiles 

before or after adjustment for marital status and religious beliefs. The information is used 

to support Study 3 (section 7.3.3.2: Resilience for clusters) in Chapter 7. 

 

Table F  

Description of Resilience by Physical Activity Profiles (Including Association Adjusted for Marital Status  

and Religious Beliefs) 

Note. Group 2 was selected as a reference for linear regression. 

B: Unstandardised B; Std. Error: Coefficient Std. Error; ß: Standardised coefficient Beta; 95% CI: 95% Confidence 

Interval for B; r: Partial correlations; T: Collinearity Tolerance; VIF: Variance inflation factor 

The low values from this table (which become zero if rounded to one digit) have been presented as percentages. 

  

Analysis of participants’ answers for Connor-

Davidson Resilience Scale. 

Table G shows the number and percentage of 93 participants who answered the 

questions in the Connor-Davidson Resilience Scale 25. This table helped the author 

further understand the concept of resilience, the meaning of this resilience scale, and the 

characteristics of the study sample. Table G shows that 40.9%-61.3% of 93 participants 

 B Std. 
Error 

ß t Sig. 95% CI r T VIF 

Before 

adjusted 

Group 1 -1.4 2.7 -6.1% -.5 .598 [-6.8, 4.0] -5.6% .8 1.2 

Group 3 -2.5 2.3 -12.1% -1.0 .299 [-7.1, 2.2] -.1 .8 1.2 

Group 4 4.9 4.0 13.5% 1.2 .218 [-3.0, 12.8] .1 .9 1.1 

After 

adjusted 

Group 1 -3.0 2.4 -12.5% -1.2 .224 [-7.8,1.8] -.1 .8 1.2 

Group 3 -3.3 2.1 -16.2% -1.6 .124 [-7.5, .9] -.2 .8 1.3 

Group 4 1.6 3.6 4.3% .4 .666 [-5.6, 8.7] -4.6% .9 1.2 

Marital 
status 

4.6 1.8 23.7% 2.5 .014 [.9, 8.3] .3 .9 1.1 

Religious 

beliefs 

-7.3 1.9 38.2% -3.9 .000 [-11.0, -3.6] -.4 .9 1.1 
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answered often true in Factor 1 (tenacity) that included Questions 24, 12, 11, 25, 10, 23, 

17, and 16. A total of 35.5%-58.1% of those selected often true in Factor 2 (strength) that 

included Questions 20, 18, 15, 6, 7, 19, and 14. The highest percentage (68.8%) of 

participants answered true all the time to Question 2 (I have at least one close and secure 

relationship that helps me when I am stressed) in Factor 3 (self-efficacy). Apart from the 

answers to Question 2, more than half respondents (59.1%-62.4%) replied often true to 

other questions (Questions 1, 4, 5, and 8) in this group.  

 

In Factor 4 (self-control), 46.2% of participants chose true all the time to Question 13, 

while 50.5% answered often true to Questions 22 and 21. Interestingly, in Factor 5 

(spiritual influences), regarding Question 3 (When there are no clear solutions to my 

problems, sometimes fate or God can help), 31.2% reported not true at all (19.4%) or 

rarely true (11.8%), while 43.0% responded often true (20.4%) or true all the time 

(22.6%). More than half the participants (64.5%) answered often true (25.8%) or true all 

the time (38.7%) to Question 9 (Good or bad, I believe that most things happen for a 

reason). 

  



                                                                                                                         Appendices 

 271 

 

Table G  

Number and Percentage of Participants Who Answered the Questions for the CD-RISC 25 

Factors Represents Questions Answers 

Not true 
at all (0) 

Rarely 
true (1) 

Sometimes 
true (2) 

Often true 
(3) 

True all 
the time 
(4) 

Factor 1 
(Tenacity) 

Reflects the 
notion of 
personal 
competence, 
high 
standards, 
and tenacity 

Q24: I work to attain my 
goals no matter what 
roadblocks I encounter 
along the way. 

 2 (2.2) 23 (24.7) 50 (53.8) 18 (19.4) 

Q12: Even when things 
look hopeless, I don't give 
up. 

  16 (17.2) 57 (61.3) 20 (21.5) 

Q11: I believe I can 
achieve my goals, even if 
there are obstacles. 

  11 (11.8) 51 (54.8) 31 (33.8) 

Q25: I take pride in my 
achievements. 

 1 (1.1) 9 (9.7) 38 (40.9) 45 (48.4) 

Q10: I give my best effort 
no matter what the 
outcome may be. 

  6 (6.5) 57 (61.3) 30 (32.3) 

Q23: I like challenges.  2 (2.2) 32 (34.4) 46 (49.5) 13 (14.0) 

Q17: I think of myself as a 
strong person when 
dealing with life's 
challenges and difficulties. 

 1 (1.1) 17 (18.3) 48 (51.6) 27 (29) 

Q16: I am not easily 
discouraged by failure. 

 9 (9.7) 33 (35.5) 40 (43.0) 11 (11.8) 

Factor 2 
(Strength) 

Corresponds 
to trust in 
one’s 
instincts, 
tolerance of 
negative 
affect, and 
strengthening 
effects of 
stress 

Q20: In dealing with life's 
problems, sometimes you 
have to act on a hunch 
without knowing why. * 

 5 (5.4) 44 (47.3) 34 (36.6)  9 (9.7) 

Q18: I can make 
unpopular or difficult 
decisions that affect other 
people, if it is necessary. 

 15 (16.1) 35 (37.6) 33 (35.5) 10 (10.8) 

Q15: I prefer to take the 
lead in solving problems 
rather than letting others 
make all the decisions. 

1 (1.1) 3 (3.2) 42 (45.2) 35 (37.6) 12 (12.9) 

Q6: I try to see the 
humorous side of things 
when I am faced with 
problems 

 2 (2.2) 27 (29.0) 43 (46.2) 21 (22.6) 

Q7: Having to cope with 
stress can make me 
stronger. 

1 (1.1) 2 (2.2) 27 (29.0) 46 (49.5) 17 (18.3) 

Q19: I am able to handle 
unpleasant or painful 
feelings like sadness, fear, 
and anger. 

1 (1.1) 2 (2.2) 27 (29.0) 50 (53.8) 13 (14) 

Q14:  Under pressure, I 
stay focused and think 
clearly. 

  29 (31.2) 54 (58.1) 10 (10.8) 

Factor 3 
(Self-
efficacy) 

Is related to 
the positive 
acceptance 
of change, 
and secure 
relationships 

Q1: I am able to adapt 
when changes occur. 

  11 (11.8) 58 (62.4) 24 (25.8) 

Q4: I can deal with 
whatever comes my way. 

  18 (19.4) 55 (59.1) 20 (21.5) 

Q5: Past successes give 
me confidence in dealing 
with new challenges and 
difficulties. 

  10 (10.8) 57 (61.3) 26 (28.0) 

Q2: I have at least one 
close and secure 
relationship that helps me 
when I am stressed. 

1 (1.1) 1 (1.1) 7 (7.5) 20 (21.5) 64 (68.8) 
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Factors Represents Questions Answers 

Not true 
at all (0) 

Rarely 
true (1) 

Sometimes 
true (2) 

Often true 
(3) 

True all 
the time 
(4) 

Q8: I tend to bounce back 
after illness, injury, or 
other hardships. 

 5 (5.4) 5 (5.4) 56 (60.2) 27 (29.0) 

Factor 4 
(Self-
control) 

Is related to 
control 

Q22: I feel in control of my 
life. 

 1 (1.1) 24 (25.8) 47 (50.5) 21 (22.6) 

Q13: During times of 
stress/crisis, I know where 
to turn for help. 

  11 (11.8) 39 (41.9) 43 (46.2) 

Q21: I have a strong 
sense of purpose in life. 

1 (1.1) 2 (2.2) 28 (30.1) 47 (50.5) 15 (16.1) 

Factor 5 
(Spiritual 
influences 

Is related to 
spiritual 
influences 

Q3:  When there are no 
clear solutions to my 
problems, sometimes fate 
or God can help. 

18 (19.4) 11 (11.8) 24 (25.8) 19 (20.4) 21 (22.6) 

Q9: Good or bad, I believe 
that most things happen 
for a reason. 

1 (1.1) 5 (5.4) 27 (29.0) 24 (25.8) 36 (38.7) 
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Chmitorz et al. proposed framework for resilience 

studies. 

Table H  

Chmitorz’s Framework for Designing a Resilience Intervention Study  

 

Note. From “Intervention Studies to Foster Resilience – A Systematic Review and Proposal for a Resilience Framework in Future 

Intervention Studies,” by A. Chmitorz, A. Kunzler, I. Helmreich, O. Tüscher, R. Kalisch, T. Kubiak, . . . K. Lieb, 2018, Clinical 

Psychology Review, 59, p. 83. Copyright 2018 by Elsevier. 

 

This is an open-access article under the terms of the Creative Commons Attribution License (CCBY), which means that permission 

to reuse this table is not required. Further details can be found at 

https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S027273581730020X&orderBeanReset=true. The 

relevant information on the CCBY license is on the next page. 

3.3. Technical design issues in resilience intervention studies

Besides of those limitations already pointed out previously (Leppin
et al., 2014; Macedo et al., 2014; Robertson et al., 2015; Vanhove et al.,
2015) (small sample sizes, lack of dismantling designs, lack of follow-up
assessment or insu!cient follow-up periods and lack of adverse e"ects
assessment) our evaluation of technical design issues in the 43 RCTs
yielded the following additional aspects: lack of a priori sample size
calculations, lack of adequate comparators and comparable treatment
doses in intervention and control groups, lack of adequate baseline
diagnostics of mental and physical health, missing assessment of
baseline comparability and the participants' satisfaction and usability of
the training as well as insu!cient conduct of multi-center studies.

3.3.1. A priori sample size calculation
Only 11 of the 43 RCTs performed an a priori sample size calcula-

tion before recruiting training participants (see Appendix, Table D.1;
column Type of sample and sample size (Randomized/Analyzed); a
priori sample size calculation).

Suggestions: In line with international guidelines, we propose that
investigators should perform an a priori sample size calculation und
describe the procedures of sample size determination.

3.3.2. Comparators, multiple treatment groups and dismantling design
In eight of the 43 RCTs the control group received no intervention

(NI), 15 studies used a waiting list control (WL) and seven compared a
resilience intervention with treatment as usual (TAU) (i.e., training
participants receive TAU plus a resilience intervention or the resilience
intervention is compared to TAU). Examples for the TAU conditions are
standard post-deployment stress education (Adler, et al., 2009), stan-
dard diabetes self-education (Bradshaw, et al., 2007), a general prac-
titioner's usual care (Brouwers, et al., 2006), a traditional childbirth
education program (Schachman, et al., 2004) or standard care and
treatment for depressive patients (Songprakun & McCann, 2012a).

In 13 of 43 RCTs, attention control (AC) groups were used (see
Appendix, Table D.1; column ‘Comparators, multiple treatment groups,
dismantling design’). Examples for the AC groups are discussion groups
(Cohn & Pakenham, 2008), emotional ventilation (Farchi & Gidron,

Table 1
Proposal of a checklist for planning and conducting resilience intervention studies based on international guidelines and up to date resilience research (Higgins & Green, 2011; Moher
et al., 2010; WBP, 2010).

De#nition of resilience • Outcome-oriented resilience de#nition !

• Description of the underlying resilience concept the intervention is based on !

• Report of the resilience de#nition in any publication resulting from the study !
Sample size planning • A priori sample size calculation for adequate power of statistical comparisons (!! 0.80) and description of sample

size determination
!

Trial design • Phase I: Concept development and feasibility testing (e.g., case reports) !

• Phase II: Pilot studies (e.g., open-ended uncontrolled studies) !

• Phase III: Randomized controlled trial (RCT) !

• Phase IV: Dismantling studies and #eld studies in real-world settings !
Inclusion and exclusion criteria • Speci#cation of inclusion and exclusion criteria !

• Assessment of inclusion/exclusion criteria using methods with adequate psychometric quality !
Baseline diagnostics • Baseline assessment of demographic and clinical characteristics in each study group !

• High psychometric quality of mental and physical health diagnostic instruments !

• Comprehensive baseline mental health diagnostics with the following methods:
e Structured and standardized interview by trained professionals (e.g., SCID-I and II; M.I.N.I.), and
e Self-report screening tool considering various mental dysfunctions or symptom areas (also for mental health

monitoring during training)
!

!

• Baseline physical health diagnostics with the following methods:
e Self-report instrument across various domains (e.g., illnesses, medical consultation, medication use)
e Questions on health-related behaviors
e Screening of health-related quality of life (also for physical health monitoring during training)

!

Randomization • Random sequence generation (e.g., computer random number generation) (to avoid selection bias) !

• Allocation concealment (e.g., central allocation) (to avoid selection bias) !

• Detailed description of methods used for random allocation generation !

• Assessment of baseline comparability between study groups with regard to outcome variables and prognostic factors !
Intervention • If possible, blinding of participants and intervention providers (to avoid performance bias)a !
Outcome assessment • Good psychometric quality of outcome assessment instruments !

• Blinding of outcome assessment (to avoid detection bias) !

• Assessments for each main outcome at all relevant time points (to avoid attrition bias) !

• Assessment of resilience de#ned as outcome:
e Assessment of resilience as primary outcome (to avoid reporting bias) !
e Separate assessment of resilience factors and resilience as outcome !

Assessment of adverse e"ects and satisfaction
and usability

• Systematic assessment and reporting of possible adverse e"ects of interventions at post-test and follow-up !

• Systematic assessment and reporting of the satisfaction of participants with the resilience intervention, the usability
and applicability of the intervention and skills transferred to everyday life

!

Post-test and follow-up assessments • Post-test assessment immediately after stressor exposure or at the end of the training program !

• Adequate follow-up periods (!6 months and 12 months) !
Outcome reporting • Generation of study protocol with pre-speci#ed main outcomes and reporting (to avoid reporting bias) !

• Unbiased reporting of signi#cant and non-signi#cant study results (to avoid reporting bias) !
Participant $ow • Participant $ow diagram and complete description of dropouts (attrition and exclusions) including reasons and time

points (to be transparent about potential attrition bias)
!

• Dropout analyses (comparison of number/reasons for dropout between study groups; comparison of characteristics
between participants dropping out and remaining in the study) (to be transparent about potential attrition bias)

!

• Intention-to-treat analyses (ITT) !

a Performance bias can hardly be avoided in resilience interventions that are implemented face-to-face as intervention providers cannot be blinded. However, in case of online
resilience training programs, even this sort of bias may be avoided.

A. Chmitorz et al. &OLQLFDO�3V\FKRORJ\�5HYLHZ�������������²���
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Appendix XI: Additional Post Hoc Analyses 

Rationale for post hoc analyses. 

Study 1 identified that marital status, religious beliefs, moderate to vigorous 

physical activity at work, and sleep duration at leisure time were associated with 

resilience. Study 2 found that physical work activity behaviours (standing, dynamic 

standing, sitting, lying, and walking) were significantly different between a 12-hour day 

shift and a 12-hour night shift. Study 3 highlighted that resilience was not associated with 

any clusters (movers, standers, sitters, and low actives), before or after adjusted for 

marital status and religious beliefs. Therefore, the questions raised were: (1) Was 

“working night shifts” a factor that affected the associations between resilience and the 

clusters? (2) Was resilience related to participants’ shift patterns (day or night shift)? 

Finding the associations between these variables would help the author further 

understand nurse resilience and its related factors. Accordingly, multivariable linear 

regression and an independent-samples t test were performed to answer these 

questions.  

 

Working night shifts was used as a control variable to perform linear regression 

between resilience and the identified four clusters, adjusted for marital status and 

religious beliefs. However, the study did not find any associations between resilience and 

clusters. The results are detailed in the section, Post hoc analysis 1. 

 

An independent-samples t test was also performed to identify whether resilience 

was associated with ICU nurses’ day and night patterns. Of the 93 participants, the study 

identified that 32 nurses did two 12-hour day shifts, 42 completed two 12-hour night 

shifts, and 19 had a 12-hour day shift followed by a 12-hour night shift. Therefore, the 

study excluded the 19 participants from the total sample (N = 93) and compared the 

resilience levels between the day shift group (n = 32) and the night shift group (n = 42). 

However, there was no significant difference in resilience between the two 12-hour day 
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shift group and the two 12-hour night shift group. The results are also described in the 

section, Post hoc analysis 2.  

 

Post hoc analysis 1. 

Working night shift as a control variable for four clusters in linear 

regression. 

 Step1: Resilience linear regression for working night shifts with four clusters: 

The variable, working night shifts, was dummied as “permanent night”, “nights every two 

weeks”, and “night monthly or no nights”. The variable, permanent nights, was selected 

as a reference. Of the four clusters, Cluster 2 with the highest participants’ number was 

selected as a reference. The results are shown below: 
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Step 2: Resilience regression for the variable, working night shifts, and four 

clusters, adjusted for marital status, and religious beliefs. The results are shown below: 
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Post hoc analysis 2. 

 
Independent-samples t test for resilience comparison of day 

and night shifts. 

 
There was no significant difference in resilience between two 12-hour day shifts 

and two 12-hour night shifts. The results are shown below: 
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