
 
 

UNDERSTANDING MOVEMENT BEHAVIOURS 
IN SHIFT WORKERS: TOWARDS THE 

DEVELOPMENT OF A HEALTH PROMOTION 

PROGRAM FOR SHIFT WORKERS 
 

A Thesis submitted by 

Malebogo Monnaatsie (M.Ed.) 

 

For the award of  

 

Doctor of Philosophy 

 

2023 

 

 

 

 
 



 

 

 

i 

ABSTRACT 
       

          Shift workers are prone to physical inactivity and high sedentary 

behaviour, which could lead to adverse health outcomes. Nonetheless, 

these behaviours are not well understood in shift workers. To address this 

gap, first, a meta-analysis was conducted following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses for Protocols 

(PRISMA) guidelines to summarize physical activity and sedentary 

behaviours in shift and non-shift workers. Results showed that shift and 

non-shift workers had similar physical activity patterns, but shift workers 

were less sedentary than non-shift workers. Only about 40% of shift 

workers met the physical activity guidelines. Additionally, previous studies 

mostly used retrospective self-report measures to assess behaviours. 

These results highlight the need to consider more objective measures to 

minimize recall biases, and the need to develop physical activity health 

promotion programs for shift workers. Second, a pilot study was 

conducted to test the applicability of a novel mobile Ecological Momentary 

Assessment (EMA) app with shift and non-shift workers (n=120). 

Participants downloaded an EMA app and answered 5 EMA surveys per 

day, for 7-10 days.  Results indicate that EMA, tailored in real-time for 

shift workers, is a feasible and valid tool to assess physical activity and 

sedentary behaviour in this population. Finally, the feasibility and efficacy 

of a health promotion program during a 24-day shift cycle to improve 

habitual levels of physical activity was conducted. Shift workers in a 

mining company (n=51) were allocated to intervention or comparison 

groups. Efficacy outcome measures included moderate-to-vigorous 

physical activity (MVPA) steps and other movement-related outcomes 

(activPAL assessed), quality of sleep (PQSI), and quality of life (WHO-5). 

Participants in the intervention group participated in an action planning 

session and received messages to motivate change in physical activity 

and EMA surveys for self-reporting physical activity. The comparison 

group received feedback on their baseline assessments and generic health 

promotion material. The intervention resulted in changes in MVPA steps 

on all days (p=0.00), day shift (p=0.04), and non-workdays (p=0.00) in 

the intervention group, but not during night or evening shifts. Other 

outcomes remained unchanged. In addition to testing efficacy, a process 

evaluation with the intervention group (n=25) using the RE-AIM (reach, 

effectiveness, adoption, implementation, maintenance) framework was 

conducted. Online exit surveys, interviews, and the researcher log were 

used to assess the intervention feasibility. Based on the process 

evaluation findings, workers were positive and desired most intervention 
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components. However, there is a need to address the identified barriers, 

including fatigue and better company management involvement. The 

thesis findings revealed the habitual movement-related behaviours in shift 

workers to provide the base to guide health promotion programs. The two 

empirical studies provided insights into using newer mobile technology to 

assess behaviours and promote physical activity for shift workers in their 

natural environment and in real time. 
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CHAPTER 1: INTRODUCTION 

1.1. Background  

       Shift work is prevalent in many industries, especially those requiring  

24/7 work like healthcare, manufacturing, mining, hospitality, and retail 

(Messenger, 2018). However, shift work is associated with unhealthy 

behaviours, including physical inactivity and high sedentary time (Demou 

et al., 2018). Shift work is also related to misalignment of the circadian 

rhythms, disturbance in sleep, and disruption of family and social life 

(James et al., 2017). Physical inactivity, smoking, and high sedentary 

time are key risk factors for non-communicable diseases (NCDs) 

(Katzmarzyk et al., 2022). Therefore, the combination of unhealthy 

behaviours and disruption in circadian rhythms, in turn, leads to increases 

in disease risk and incidence (Rivera et al., 2020). Epidemiological 

evidence has shown that there is an increase in chronic diseases such as 

cardiovascular diseases, cancers, obesity, and diabetes in shift workers 

(Boivin et al., 2022). In addition, evidence has shown a strong link 

between working in shifts and mental health issues, such as anxiety, 

depression, and suicide (Khan et al., 2020). Consequently, unhealthy 

behaviours and disruptions may lead to long-term physical and mental 

health effects in the shift working population (Silva et al., 2020).  

 

       The disruption of circadian rhythms because of shift work, 

particularly the night shift, describes a state of desynchronization 

between circadian clocks and the environment (Boivin & Boudreau, 2014). 
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The circadian misalignment associated with working in shifts has then 

been implicated in the increased risk of metabolic syndrome (Gabriel & 

Zierath, 2019), type 2 diabetes (Mason et al., 2020), and cardiovascular 

diseases (Chellappa et al., 2019).  

 

       Lifestyle behaviours including smoking, unhealthy diets (Souza et al., 

2019), physical inactivity (Cheng et al., 2020), sedentary behaviour 

(Hulsegge et al., 2017), lack and poor-quality sleep (Boivin & Boudreau, 

2014) are hypothesised to contribute to higher disease risk in shift 

workers. Low-quality diet, characterised by inadequate intakes of fruit, 

vegetables, legumes, whole grains, nuts or seeds, fish, lean meat, 

poultry, and added sugars, and disturbances in sleep are frequently 

reported by shift workers (Redeker et al., 2019). Regular physical activity 

may be more challenging for shift workers due to limited time to 

participate in leisure-time activities and fatigue associated with some shift 

work (Boivin et al., 2022). Prevalence of sedentary behaviour may also be 

high in shift workers, especially those with driving occupations (79% of 

daily work time) or in call-centres (Varela-Mato et al., 2017).  

 

       Well-established evidence demonstrates that physical activity and a 

less sedentary lifestyle reduce the risk of non-communicable diseases and 

improve overall health and well-being (González et al., 2017). However, 

there have been mixed results related to the relationship between 

working shifts and movement-related behaviours (Cheng et al., 2020; 
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Nea et al., 2015). Some previous research demonstrates shift workers are 

more active compared to non-shift workers (Hulsegge et al., 2020; Loef 

et al., 2020), while some show that shift workers report less physical 

activity (Loprinzi, 2015; Mansouri et al., 2022), and no differences have 

been reported (Roskoden et al., 2017). For example, shift work was 

associated with increased levels of occupational physical activity (Ma et 

al., 2011). In another study, shift workers spent more time walking at 

work than non-shift workers, but there were no differences in other 

physical activity levels (Loef et al., 2016). There have also been mixed 

reports on the effect of shift work on sedentary behaviour, with both low 

(Loef et al., 2018; Loprinzi, 2015) and high sedentary time reported 

(Hulsegge et al., 2017). More evidence is needed to investigate whether 

shift workers are less active and more sedentary than non-shift workers.  

 

         Most studies investigating physical activity and sedentary 

behaviours were in high-income countries, for example, the USA, 

Australia, Netherlands, and Canada, with only a few from low- and 

middle-income countries (LIMC) (Monnaatsie et al., 2021). In addition, 

self-report measures were used more frequently than devices for the 

assessment of physical activity, which may result in recall and social 

desirability bias (Loef et al., 2017; Marqueze et al., 2014; Park & Suh, 

2020). For example, questionnaires like IPAQ requires participants to 

report their behaviours over a predetermined time (e.g., over the past 
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month), leading to some recall bias (Colley et al., 2018; von Haaren‐Mack 

et al., 2020). 

 

        An increasing number of studies now use device-based measures of 

physical activity and sedentary behaviour (Lauren et al., 2020; Roskoden 

et al., 2017; Thompson et al., 2018). Similarly, devices can identify 

certain physical activity and sedentary behaviours, but not the context or 

domains of activity (Doherty et al., 2013). For example, the influence of 

work environments cannot be assessed with devices because they can fail 

to provide information about the location and type of behaviour or 

activity. Similarly, the types and domains of movement behaviours are 

not easily reported with devices (Nigg et al., 2020). Alternatives to 

retrospective self-report and device measures include using doubly 

labelled water and indirect calorimetry. The doubly-labelled water method 

which measures total energy expenditure is the gold standard for 

assessment of physical activity, based on measurement of energy 

expenditure (Speakman et al., 2021). However, the method places a 

large burden on participants and does not provide specific information on 

daily physical activity and sedentary behaviour (Ma et al., 2020; 

Westerterp, 2015).  

 

         There are other methods available to gather contextual information 

of physical activities and sedentary behaviours. Observational methods 

are a common approach for assessing movement-related behaviours and 
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have been shown to be valid and reasonably reliable when trained 

observers rate the postures of large body parts (Mathiassen & Wahlström, 

2013; Takala et al., 2010). However, observations are generally time-

consuming and expensive. Observations may also modify the behaviour of 

the observed participant (observational bias) (Nyman et al., 2023). To 

overcome such limitations, ecological momentary assessment (EMA) 

offers an alternative and promising method to assess movement-related 

behaviours, with rich contextual longitudinal data in real-time (Dunton, 

2017).  

 

       Using EMA with mobile phones highlights an opportunity to 

incorporate it in interventions to provide real-time and highly personalized 

support to increase health behaviour (Bentley et al., 2019). In addition, 

EMA can be suitable to demonstrate insights into health behaviours of 

shift workers catering to unique work rosters (Asare et al., 2023). Shift 

work results in adverse health effects; thus, developing appropriate 

interventions to improve workers' health should be a public health 

priority. To design effective interventions for shift workers, measurement 

tools that quantify specific physically active and sedentary behaviours 

within the relevant behavioral contexts are needed (Keadle et al., 2017). 

Most workplace physical activity and sedentary behaviour interventions do 

not target shift workers. As reported in one systematic review of physical 

activity-based interventions, a few have been implemented (Flahr et al., 

2018). 
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1.2. Summary and aims 

       This PhD project, therefore, is aimed at increasing understanding of 

physical activity and sedentary behaviour in shift workers to inform health 

promotion programs to improve workers’ health. The thesis consists of 

three main studies: a systematic review and meta-analysis and two 

primary empirical studies. The first study aimed to examine the levels of 

physical activity and sedentary behaviour in shift workers compared to 

non-shift workers to determine if shift workers are less active and more 

sedentary than non-shift workers. The second study aimed to determine 

the feasibility and validity of EMA with a mobile application as an 

alternative tool to consider in assessing physical activity and sedentary 

behaviour in shift workers. In the last study, a health promotion 

program’s efficacy and process evaluation were examined to improve 

habitual levels of physical activity in shift workers. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Chapter overview  

       This chapter presents an overview of the literature on shift work, 

health outcomes, and associated mechanisms in shift workers. 

Healthy behaviours, including physical activity and sedentary behaviour, 

are regarded as the leading risk factors for disease and all-cause 

mortality; thus they are possible risk factors that lead to adverse health 

outcomes in shift workers (Nea et al., 2015). These are explored in this 

section to discuss their influence on shift workers’ health outcomes. 

Further, the physical activity and sedentary behaviour public health 

guidelines and the benefits of leading a healthy lifestyle will be reported. 

To report on the physical activity and sedentary behaviour determinants 

and measurement tools to assess these movement behaviours in the shift 

working population were also reviewed. Lastly, research on health 

promotion programs to improve physical health in the shift work 

population are presented. 

 

2.2. What is shift work? 

       There are several definitions of shift work. One of the more common 

definitions is “any work outside the normal conventional work hours of 

7:30-9:00am to 5:00-6:00pm” (Costa, 2003). Thus, any work in the early 

morning before 9am or after 5pm in the evening and night. Therefore, 

some studies would refer to shift work as non-standard work (i.e., work 

that falls outside the standard day/week) (Richbell et al., 2011).  
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        The International Labour Organization (ILO) defines shift work as “a 

method of organization, of working time in which workers succeed one 

another at the workplace so that the establishment can operate longer 

than the hours of work of individual workers” (ILO, 1990). This means 

work hour arrangements involve two or more teams (shifts) that differ in 

terms of their work’s starting and finishing times. Workplaces implement 

the work ‘around the clock’ to accommodate the demand of providing 

services or products 24 hours per day and seven days per week. Shift 

work is common in health care, emergency services, hospitality, 

transport, mining, and manufacturing (Åkerstedt, 1990). In this PhD 

thesis, shift work is defined as “work carried out at set times of the day or 

at night, outside the normal working day and where individuals may 

rotate between different work time patterns.” In Botswana, where some 

of the PhD work was based, shift work is defined as work carried out 

24/7, and the period of such work covers day, afternoon, and night shifts 

of eight hours each (Botswana Employment Act, 1982). 

 

2.2.1 Shift schedules and patterns 

        Shift types or schedules can vary between countries and 

workplaces. Several types of shift work systems exist, including fixed shift 

systems, in which a particular group of workers always work the same 

shift; and rotating shift system, in which workers are assigned to work 

shifts that vary regularly over time and rotate around the clock; for 
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example, from morning to afternoon/evening to night shift (Casjens et 

al., 2022). In Australia, the number of consecutive days on night shift 

should be optimally one or two but no more than three days. A clockwise 

shift rotation pattern is recommended, with simple and predictable 

scheduling templates used where possible (three day, three evening and 

three-night shifts, and three recuperative days off) (ACT, 2019). In 

Botswana, where shift work is prevalent in diamond mining companies, 

shift schedules are also in a clockwise shift rotation. However, workers 

have six-day shifts, six evening and six-night shifts of 8 hours, with two 

rest days in between the three shifts (Monnaatsie et al., 2023).  

 

        Shift work can also involve working time for all or part of the night, 

and the number of nights worked per week/month/year can vary 

considerably. Moreover, night work shifts can have varying start and 

finish times. For example, starting times can range from 8 pm, 9 pm, 10 

pm, 11 pm or 12 pm, and finishing times from 4 am, 5 am, 6 am, or 6 am 

the following day (IARC, 2010).  

 

2.2.2.  Prevalence of shift work 

       The International Labour Organization and the European Foundation 

for the Improvement of Living and Working Conditions reported that 

between 10% and 30% of workers work night shifts at least once a 

month (Organization, 2019). Approximately 19 percent of Australian 

employees are shift workers, compared to 21% of Europeans and 25% of 
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Americans employed as shift workers (Brown et al., 2022; Lieberman et 

al., 2019; Australian Bureau of Statistics, 2019). Shift work is less 

prominent in Asia (12%) (Living & Conditions, 2019). In LMIC, about 15-

30% of the workforce is involved in shift work (Merchaoui et al., 2017). In 

the case of Botswana, there is a paucity of research on the prevalence of 

shift work. However, there is evidence of shift work practices in the 

healthcare and mining industry (Koitsiwe & Adachi, 2017; Motlhatlhedi et 

al., 2020; Olashore et al., 2021; Weldegiorgis et al., 2023).  

 

2.3. Health consequences of shift work 

       Working in shifts is associated with an increased risk for chronic 

diseases and premature mortality compared to non-shift workers and the 

general population (Boivin et al., 2022). In particular, working in shifts 

has been associated with an increased risk of NCDs (Gusmão et al., 2022; 

Rivera et al., 2020). The risk of NCDs, such as type 2 diabetes and 

cardiovascular diseases, is increased in people with metabolic syndrome 

(Leroith, 2012).  

 

       Several meta-analyses and systematic reviews have attempted to 

combine the various epidemiological studies that address the relationship 

between shift work and metabolic health, providing evidence for an 

association between shift work and metabolic syndrome (Dong et al., 

2022; Khosravipour et al., 2021; Sooriyaarachchi et al., 2022). A meta-

analysis of 12 studies concluded that compared to regular day workers, 
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shift workers in the healthcare sector exhibited more than a two-fold 

increase in developing metabolic syndrome (Sooriyaarachchi et al., 2022). 

Similarly, the odds ratio for shift workers with metabolic syndrome was 

particularly high (OR = 30.55; CI 13.70–81.64) in comparison to non-shift 

workers (Arias et al., 2021). In a study of 1575 petrochemical workers, 

the risk of metabolic syndrome was higher in rotating shift workers than 

fixed day workers (Khosravipour et al., 2019). While the studies 

mentioned above showed the increased risk of metabolic syndrome in 

shift workers, there is insufficient evidence of some metabolic outcomes, 

including lipid metabolism and blood pressure (Proper et al., 2016). 

Proper and colleagues concluded that poor shift work measurement 

scores could have contributed to the results (Proper et al., 2016). 

 

        For over two decades, cardiovascular disease risk factors associated 

with shift work have been reported in the literature (Strohmaier et al., 

2018). Working shifts increased the risk of cardiometabolic multimorbidity 

in a cohort of 36 969 UK workers (Yang et al., 2022). Similarly, a recent 

umbrella review estimated the risk of hypertension at 30% with rotating 

and night shift workers (Boini et al., 2022). Prolonged years of exposure 

to shift work is also related to a higher risk of cardiovascular disease (Abu 

Farha & Alefishat, 2018; Torquati et al., 2018; Wang et al., 2020). For 

example, there was a 7.1% increase in the risk of cardiovascular diseases 

for every additional five years of exposure to shift work (Torquati et al., 

2018). The evidence on the duration of shift work and the risk of type 2 
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diabetes was also reported (Gao et al., 2020). The pooled odds ratio for 

five years of shift work was 1.07 (95% CI: 1.05–1.09), and for ten years 

of shift work, 1.11 (95% CI: 1.06–1.15) (Gao et al., 2020). This suggests 

that longitudinal studies are crucial when assessing disease risk in shift 

workers.  

 

        In addition, evidence from systematic reviews of cross-sectional 

studies shows that shift work was associated with an increased risk of 

diabetes (Anothaisintawee et al., 2016; Gao et al., 2020; Li et al., 2019; 

Pan et al., 2011; Shan et al., 2018). A pooled risk ratio of 1.40 (1.18, 

1.66) (Anothaisintawee et al., 2016) and 1.10 (95% CI: 1.05, 1.14) was 

reported in shift workers compared with non-shift workers (Gao et al., 

2020). In relation to gender, the association between shift work and type 

2 diabetes appeared to be stronger among men than women (Gan et al., 

2015). However, in another study, a strong and highly significant linear 

dose-response relationship between the duration of shift work and the 

risk of diabetes was higher in women than men (RR=1.07, 95% CI 1.04 

to 1.09) (Li et al., 2019). When the type of shift was considered, rotating 

shifts were associated with an increased risk of type 2 diabetes compared 

to fixed shifts (Gan et al., 2015).  

 

        A large proportion of the research on shift work and cancer risk has 

mainly addressed breast cancer in women (Lin et al., 2015; Pronk et al., 

2010; Schwarz et al., 2021). Shift work, particularly night shift work, is 
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associated with increased breast (Cordina-Duverger et al., 2018; 

Sweeney et al., 2020; Wegrzyn et al., 2017) and prostate (Behrens et al., 

2017) cancers. In June 2019, a working group convened by the 

International Agency for Research on Cancer (IARC) concluded that “night 

shift work” is probably carcinogenic to humans (Erren et al., 2019). While 

the epidemiological evidence is clear about shift work and breast cancer, 

the association between shift work and prostate cancer cannot be 

confirmed with the available current data.  

 

         Other cancers reported in the shift work population included colon 

cancer and colorectal cancer (Kolstad, 2008; Schernhammer et al., 

2003). For example, a population-based cohort study involving male 

German reported an increased risk estimate for cancer of the distal colon 

in shift workers (IRR: 1.60, 95% CI: 0.53; 4.87) and in shift workers who 

did not perform night work (IRR: 3.93, 95% CI: 0.98; 15.70) (Wichert et 

al., 2020). However, in an Australian-based female case-control study 

involving shift workers, there was no evidence of an increased risk of 

colorectal cancer (Walasa et al., 2018). Evidence for an association 

between other forms of cancer and shift work is not particularly strong, 

with weak or conflicting data reported (Dun et al., 2020). Overall, 

evidence for the effect of shift work on cancer risk appears inconclusive. A 

point of consensus in the disparities seems to be the variability in study 

methodologies, with the definition of shift work and shift work exposure. 

The control for confounding factors, including shift work schedules and 
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lifestyle behaviours is frequently unclear in the studies (Wichert et al., 

2020).  

 

        Working in shifts has also been shown to affect workers' mental 

health (Sweeney et al., 2021; Torquati et al., 2019). Shift work has been 

associated with depressed mood and anxiety, substance use, impairments 

in cognition, lower quality of life, and even suicidal ideation (Brown et al., 

2020; Kang et al., 2017). For instance, Australian paramedics working 

rotating shifts reported significantly higher levels of depression, anxiety, 

fatigue, and PTSD symptoms than the general population (Khan et al., 

2020). Similarly, there was a significant increased risk of depression 

(OR = 1.13, 95% CI, 1.00–1.27) and poor self-rated health (OR = 1.13, 

95% CI, 1.14–1.55) among shift workers compared to non-shift worker in 

Canada (Sweeney et al., 2021). Moreover, female shift workers were 

more likely to experience depressive symptoms than female non–shift 

workers (Sweeney et al., 2021; Torquati et al., 2019). Evidence, 

therefore, suggests that health promotion programs to improve mental 

health would be beneficial for shift workers. 

 

           Other adverse health outcomes associated with shift work include 

overweight and obesity (Liu et al., 2018; Peplonska et al., 2014; Smith et 

al., 2022), chronic fatigue (Courtney et al., 2010; Donnelly et al., 2019), 

and gastrointestinal symptoms and disorders (Smith et al., 2022). Night 

shift work, in particular, was associated with increased odds of becoming 
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overweight (OR = 1.17; 95% CI, 0.97–1.41) or obese (OR = 1.27; 95% 

CI, 0.74–2.18) compared to those who only worked during the day (Sun 

et al., 2018). Another study indicated that permanent night shift workers 

had a greater risk of developing obesity than workers on rotating shift 

schedules (Sun et al., 2018).  

 

       Since a substantial proportion of the working population is involved 

in shift work, about 20% of the working population globally is at 

increased risk of developing various health problems (Kervezee et al., 

2020). Literature on the effects of shift work on physical and mental 

health has been provided over the last few decades, leading to the 

publication of numerous systematic reviews. Although more evidence is 

still needed to analyse better the burden of shift work on the health and 

well-being of workers, we know enough to drive health promotion 

programs to prevent and promote better health.  

 

2.4. Mechanisms affecting health in shift workers 

       The mechanisms related to shift work and poor health outcomes 

appear to be multifactorial (Hulsegge et al., 2017). Several mechanisms, 

such as circadian disruption, disturbed sleep, lifestyle behaviours, and 

psychosocial stress, have been suggested as possible reasons behind the 

health problems in shift workers (Cable et al., 2021). These factors 

disturb several physiological, socio-temporal, and behavioural processes 

that further contribute to and potentiate disease. Figure 2.1, adapted 
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from Knutsson, shows the causal association of the factors that lead to 

long-term chronic diseases in shift workers (Knutsson, 2003).  

 

 

Figure 2.1 Mechanisms that result in diseases in shift workers (From 

Knutsson, 2003) 

 

2.4.1. Circadian desynchronization 

        Substantial evidence has shown that shift work resulted in 

disturbances in sleep and low-quality sleep due to non-standard hours 

and rosters required of shift workers (Astiz et al., 2019; Boini et al., 

2022). These disturbances result in circadian mismatch or misalignment, 

which describes a state of desynchronization between circadian clocks and 

the environment (James et al., 2017). Circadian disturbances have often 
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been mentioned as a significant contributor to shift workers' adverse 

health outcomes and diseases (Kervezee et al., 2020). The findings give 

credence to the effect of circadian misalignment as a risk factor for cardio 

metabolic disturbances, independent of behavioural changes associated 

with night and shift work (Hemmer et al., 2021). The implications of 

circadian misalignment between the sleep/wake cycle and adverse health 

outcomes are perhaps obvious in shift workers. This PhD, however, 

primarily focuses on understanding movement behaviours and their 

association with shift work. 

 

2.4.2 Lifestyle behaviours 

        Epidemiological studies highlight the strong link between sleep 

disturbances and unhealthy diets in shift workers compared to regular day 

workers. Sleep disturbances and altered meal timing due to shift work 

disturb the hormonal balance, disrupting the biological systems related to 

diet, weight, and metabolism (James et al., 2017). It is obvious that shift 

work results in disturbances to sleep and low-quality sleep due to non-

standard hours and rosters required of shift workers (Astiz et al., 2019; 

Boini et al., 2022).  Physical activity and high volumes of sedentary time 

are some of the possible health behaviours contributing to poor health 

outcomes in shift workers (Varela-Mato et al., 2017). 

 

         Evidence suggests that sleep deprivation, which is apparent in shift 

workers, can alter appetite, resulting in the consumption of high-energy 
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food (Broussard & Van Cauter, 2016). In addition, sleep duration and 

quality are strongly related to the body's metabolic functioning (Crowther 

et al., 2021; Medic et al., 2017). Therefore, sleep disturbance due to shift 

work impacts workers' health, as it can predispose them to chronic 

diseases. Similarly, shift work has been shown to affect workers' diets. A 

sub-optimal diet has been identified as the leading risk factor for death 

and disability worldwide (GBD 2017 Diet, 2019). Higher energy intake has 

been reported in the shift work population, who are already at a high risk 

of diseases (Pepłońska et al., 2019). Meal timing, food choice, and 

variation of energy metabolism at night were hypothesised to be 

responsible for the increased rates of obesity observed in shift workers 

(Bonham et al., 2016).  

        

        A strong link between physical activity and health and the 

deleterious effects of inactivity led to the classification of physical 

inactivity as the fourth primary risk factor for NCDs (Guthold et al., 

2018). There is a possible connection between the impact of shift work on 

regular physical activity due to several factors, including access to leisure 

facilities, availabilities of other work team or family members, conflicting 

domestic and family activities, and fatigue associated with shift work 

(Arlinghaus et al., 2019).  

 

        Like physical activity, shift workers are often involved in sedentary 

jobs, for example, drivers and call-centre workers (Varela-Mato et al., 
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2017). High sedentary behaviour is a risk factor for poor health (Gardner 

et al., 2016). Time spent in sedentary behaviour is associated with all-

cause and cardiovascular disease mortality and several NCDs (Patterson 

et al., 2018). Sedentary behaviour as a possible predictor for developing 

metabolic syndrome was reported by night shift workers compared to 

daytime workers (Pietroiusti et al., 2010). Although occupation may 

influence sedentary behaviour, research on the impact of shift work on 

sedentary behaviour is limited.  

          

2.5. Physical activity and sedentary behaviours in shift workers 

2.5.1. Physical activity and public health guidelines  

        Physical activity refers to any body movement that results in energy 

expenditure, including exercise (planned and structured to improve or 

maintain physical fitness), occupational physical activity, sports, 

household, or other daily activities (Caspersen et al., 1985). The recent 

World Health Organisation (WHO) guidelines recommend that adults 

undertake 150-300 min of moderate-intensity aerobic physical activity or 

75-150 min of vigorous-intensity aerobic physical activity (Bull et al., 

2020). The guidelines further specified weekly thresholds, that MVPA 

bouts of any duration can contribute towards meeting the 

recommendations, and that any movement counts for many inactive 

people (Bull et al., 2020). These are also consistent with Australian 

guidelines for physical activity (Brown et al., 2012).  
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           Despite the evidence on the benefits of physical activity, about 

one-quarter of adults worldwide do not meet the WHO recommendations 

based on self-report data (Guthold et al., 2018). In Australia, a smaller 

proportion (15%) of adults meet the physical activity guidelines (Bennie 

et al., 2019). In comparison, approximately 20% of Botswana adults are 

insufficiently active (Guthold et al., 2020). Physical activity guidelines can 

be met by being active in various domains, including active transport, 

leisure time, work, and household activities (Cusatis & Garbarski, 2019).  

 

         The recent WHO guidelines recommend general physical activity 

does not stipulate domain specifications (Coenen et al., 2018). However, 

evidence suggests that high levels of occupational physical activity may 

harm health (Holtermann et al., 2020). For example, in highly physically 

demanding jobs, such as construction and mining, manual work and 

prolonged occupational activity are carried out at lower intensities, which 

may not elicit substantial improvements in cardiorespiratory fitness 

(Coenen et al., 2018; Reed et al., 2018). The phenomenon has been 

referred to as the occupational physical activity paradox, which suggests 

that not all types of physical activities are necessarily good for health 

(Janssen et al., 2023). However, the evidence is inconclusive as some 

studies showed that high occupational physical activity has been shown to 

protect against chronic diseases (Martinez Gomez et al., 2022; Pearce et 

al., 2021). For example, blue collar shift workers are often involved in 

high levels of occupational physical activity that may result in adverse 
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health outcomes, thus more investigation on domains of physical activity 

needed. 

 

2.5.2. Sedentary behaviour  

        Sedentary behaviour is defined as any waking behaviour that is 

characterized by low energy expenditure (i.e., ≤ 1.5 metabolic 

equivalents) performed while in a seated, reclined or lying posture (e.g., 

reading, watching television) (Tremblay et al., 2017). Sedentary 

behaviour should be limited by breaking long periods of sitting and 

replacing it with some physical activity (Bull et al., 2020). Similar to the 

WHO guidelines, Australian guidelines advise adults to minimize time 

spent in prolonged sitting by breaking long periods of sitting as often as 

possible (Brown et al., 2012). With the recent WHO guidelines, the 

evidence on specific health benefits by type or domain of sedentary 

behaviour, or to determine the influence of frequency and duration of 

breaks in sedentary behaviour on health outcomes is still insufficient (Bull 

et al., 2020). 

 

          There is evidence that shows greater risk of cardio metabolic 

disease and mortality when sedentary time exceeds eight hours a day 

(Ekelund et al., 2016; Prince et al., 2016). Other studies have shown that 

adults spend on average 6–8 hours a day in sedentary behaviour, which 

can eventually lead to elevated levels of blood pressure and impaired 

cardiac autonomic modulation; both are risk factors for cardiovascular 
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disease morbidity and mortality (Dempsey et al., 2018; Paterson et al., 

2020). Further, there is new evidence on the interdependent relationship 

between sedentary behaviour and physical activity, suggesting that 

replacing sedentary time with any intensity of physical activity (including 

light intensity) has health benefits (Chastin et al., 2021).  

 

       Sedentary behaviour can occur across multiple domains and is 

influenced by various factors such as environmental, social, 

community/organisation, and culture (Owen et al., 2011). Understanding 

the physical and social context in which sedentary time takes place is 

crucial for workers. For example, in the transport domain, using a car or 

public transport rather than walking or riding a bike can result in high 

sedentary behaviour. Moreover, television viewing and use of screens are 

common in recreational settings (Prince et al., 2017). 

 

        Work environments can heavily influence physical activity and 

sedentary time (Prince et al., 2019). Occupations primarily involving 

screen use contribute extensively to prolonged sitting at work (Thorp et 

al., 2012). Workers spend approximately 8 hours at work and even more 

(up to 12 hours) for most shift workers (Ball et al., 2015). For instance, 

drivers spend large amounts of time sitting due to the nature of their 

work, while nurses can spend more time standing and walking at work 

(Coenen et al., 2018). Given the many hours adults spend at work, 
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understanding the contribution of occupational sitting time to overall 

sedentary behaviour in shift workers is essential (Holmes et al., 2016).  

 

       Like insufficient physical activity, sedentary behaviour is related to 

other adverse health-related outcomes, which include cardiovascular 

disease mortality, diabetes, increased insulin resistance, high blood 

pressure, and obesity (Ekelund et al., 2016; Stamatakis et al., 2012). 

Recently, evidence on joint association of physical activity of any intensity 

and sedentary behaviour with all-cause mortality risk is growing, 

highlighting the need for combinations in quantifying the time spent in 

these behaviours (Chastin et al., 2021; Clarke & Janssen, 2021).  

While considerable research efforts have been directed at understanding 

the patterns of physical activity and sedentary behaviour in shift workers, 

the findings are mixed. 

 

2.5.3. Prevalence of physical activity and sedentary behaviour in shift 

workers 

       Physical inactivity contributes to adverse health outcomes in shift 

workers (Atkinson, Fullick, Grindey & Maclaren, 2008). Loef et al. 

hypothesized that shift workers are less physically active than non-shift 

workers. However, they found no differences in leisure-time physical 

activity between shift workers and non-shift workers (Loef et al., 2017). 

Several other studies showed no differences in leisure-time physical 

activity between shift and non-shift workers (Chiang et al., 2022; 
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Hulsegge et al., 2017). A recent study showed no differences in overall 

physical activity in shift and non-shift workers using a novel physical 

activity–sleep index (Fenwick et al., 2022). Conversely, shift workers in 

the production industry engaged in less moderate-to-vigorous physical 

activity during leisure time (Hulsegge et al., 2021). 

 

       Some studies reported that shift workers are more active than non-

shift workers, especially at work (Esquirol et al., 2009; Loef et al., 2019; 

Roskoden et al., 2017). For example, data from the NHANES survey 

showed that shift workers sustained more MVPA at work, but no 

differences in overall MVPA (Loprinzi, 2015). Similarly, hospital shift 

workers walked more (95% CI 0.1-2.2) and spent more time standing 

(95% CI 6.4–12.6) at work than non-shift workers (Loef et al., 2018). 

Shift-working nurses were also more physically active during work hours 

than non-shift workers (2.1 vs. 1.7 METs, p<0.01) (Roskoden et al., 

2017).  

 

        On the contrary, low levels of occupational physical activity were 

reported in shift workers (Hulsegge et al., 2017). Like the results of 

Hulsegge and colleagues, 1300 shift workers in Ireland involved in various 

industries were less likely to spend more time at work physically active 

(Kelly et al., 2020). Further, the Irish middle-aged shift workers were 

35% (p=0.012, OR=0.65, 95% CI 0.46 to 0.91) less likely to adhere to 

physical activity guidelines than the younger workers (Kelly et al., 2020). 
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While most of these studies showed that shift work did not negatively 

impact physical activity or differ from regular day workers, occupation-

related physical activity seems higher than leisure-time physical activity. 

 

         Besides the type of physical activity (leisure time versus 

occupational), varying shift work patterns and characteristics might result 

in inconsistent conclusions. For example, non-fixed-rotating-shift nurses 

had relatively less physical activity than fixed-evening- or fixed-night-shift 

nurses (Chiang et al., 2022). In another study involving night and non-

night work patterns, participants were less physically active during the 

night-shift session than in the non-night-shift session because of limited 

leisure activities (van de Langenberg et al., 2019). Similarly, gender 

seems to have an impact; too little physical activity was reported in 

women who work shifts. 

 

        Previous studies used cross-sectional data and did not study 

workers' physical activity over time (Monnaatsie et al., 2021). In a recent 

scoping review of longitudinal studies on shift workers' health behaviours, 

only three studies examined physical activity and concluded that shift 

workers might be physically inactive (Crowther et al., 2022). The results 

of a longitudinal study show that shift workers were increasingly 

becoming physically inactive over time (Cheng et al., 2020). In this study, 

the Finnish workers were asked to report hours of physical activity per 

week on average during leisure time or commuting within the past year 
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(Cheng et al., 2020). However, in another longitudinal study with a 6-

year follow-up, no changes in physical activity were found (Buchvold et 

al., 2019).  

 

        The impact of shift work on sedentary behaviour also needs more 

conclusive evidence. The few studies that investigated shift workers' 

sedentary behaviours reported inconsistent results. Hulsegge et al. 

reported that shift workers spent more time in sedentary behaviours at 

work (Hulsegge et al., 2017), while Loef et al. have shown that shift 

workers are less sedentary at work (Loef et al., 2017). Like the results of 

Loef et al., shift workers engaged in less sedentary behaviour than non-

shift workers (Loprinzi, 2015). Total and occupational sitting time differed 

between shift workers and non-shift workers (Vandelanotte et al., 2013). 

Other studies found no differences in sedentary behaviour between shift 

and day workers (Alves et al., 2017). 

 

       A key variable that explains sedentary behaviour is work tasks or 

work-related factors. For example, sitting time may be low in health 

services and construction and high in transport and office workers 

(Vandelanotte et al., 2013). In a review of occupational physical activity 

and sedentary behaviour correlates, white-collar occupation was found to 

be consistently and negatively associated with occupational sedentary 

behaviour due to the nature of the work in that industry (Smith et al., 

2016). Working in a call centre has also been associated with higher 
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levels of sedentary behaviour than other indoor occupations (Clark et al., 

2022). Similarly, drivers sit for prolonged periods during driving and non-

driving periods at work (Varela-Mato et al., 2016).  

 

        Shift types or work and non-workdays may also be associated with 

sitting patterns. A cross-sectional study investigating shift workers at two 

workplaces (airport versus manufacturing) in Australian employees 

showed that airport workers were more sedentary on day and night shifts 

than manufacturing workers (Kolbe-Alexander et al., 2019). Though 

speculative, a potential explanation might be that demographic factors, 

including age and gender, influence sedentary behaviours in shift 

workers. A sedentary lifestyle significantly increased with age in both shift 

and day workers (KivimÄki et al., 2001). Women who worked regular 

hours reported more sitting than shift or night workers (Clark et al., 

2017). The discrepancy in the previous collective work is likely a result of 

different populations examined, different methods used to report and 

assess physical activity and sedentary behaviour, and the various work 

tasks and shift types. The previous findings do not provide strong 

evidence of an association between shift work and physical activity and 

sedentary behaviour.  
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2.5.4. Measurement of physical activity and sedentary behaviour in shift 

workers 

        Understanding the relationship between shift work and movement 

behaviours is important for managing the rising prevalence of disease 

burden in shift workers. Several studies in a variety of work industries 

have assessed the physical activity and sedentary behaviour levels of shift 

workers using self-report measures (Alves et al., 2017; Hulsegge et al., 

2021; Vandelanotte et al., 2015). Self-report tools are mostly 

questionnaires, such as the Modifiable Activity Questionnaire (MAQ), 

Previous Week Modifiable Activity Questionnaire (PWMAQ), Recent 

Physical Activity Questionnaire (RPAQ), International Physical Activity 

Questionnaires (IPAQ), Workforce Sitting Questionnaire, Previous Day 

Physical Activity Recall (PDPAR) and 7-day Physical Activity Recall (PAR) 

(Sylvia et al., 2014). 

 

        Questionnaires continue to serve and contribute to physical activity 

and sedentary behaviour research (Nigg et al., 2020). Questionnaires are 

cost-effective and easy to use; however, they can be susceptible to 

various forms of bias (Sylvia et al., 2014). Biases in reporting can include 

systematic errors and difficulties recalling physical activity and sedentary 

behaviours by participants (Winckers et al., 2015) and social desirability 

by participants. Self-report measures can result in over-estimation of 

physical activity (Warren et al., 2010), underestimation of sedentary time 
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(Kastelic & Šarabon, 2019), and they provide less data on total and light 

physical activity (Ekelund et al., 2019). 

 

       The increased use of device-based measures in physical activity and 

sedentary behaviour is promising. Studies have investigated these 

behaviours in shift and non-shift workers using devices including 

ActiGraph (Loef et al., 2018; van de Langenberg et al., 2019), Actical 

accelerometers (Neil-Sztramko et al., 2016), and activPAL (Kolbe-

Alexander et al., 2019). Accelerometer devices like ActivPAL and 

Actigraph have demonstrated exceptional validity and reliability in 

measuring both physical activity and sedentary behaviour (Chomistek et 

al., 2017; Edwardson et al., 2017). However, device-based tools like 

activPAL and Actigraph GT3x require technical expertise and cannot 

specify environmental context or behavioural specificity (Sylvia et al., 

2014). Recently, a pilot work tested the feasibility of a novel sensor-

based system that is reportedly easy to use and ensures the rapid 

collection of accurate surveillance of physical activity, sedentary 

behaviour, and sleep (SurPASS) (Crowley et al., 2022). However, the 

protocol is still limited in testing for social, cultural, and environmental 

contexts of the behaviours (Crowley et al., 2022).   

 

       For the shift work population, a measurement tool that is able to 

capture variations and environmental influences in physical activity and 

sedentary behaviour patterns would be useful to quantify these 
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behaviours in shift workers. EMA is a real-time method that involves 

repeated brief surveys that assess current experiences in individuals’ 

everyday environments. It provides context and type of activities, which 

can be beneficial in providing information on the influence of work shift 

schedules, thus providing valuable information in developing effective 

intervention strategies suitable for shift workers (Asare et al., 2022). This 

method allows for maximal ecological validity and minimal recall bias and, 

therefore, has the potential to assess within-person variability of 

behaviours (de Vries et al., 2021). Using EMA with accelerometers allows 

for time matching physical activity intensities and sedentary behaviours 

with self-report data (Knell et al., 2017). Despite the benefits of using 

EMA to assess behaviours, there is little evidence on its use with the shift 

work population.  

 

        Burke et al. defined EMA as a method that assesses participants’ 

experiences, behaviours, and moods as they occur in their natural 

environment (Burke et al., 2017). This approach considers determinants 

of behaviour, such as the environment and occupation, which are 

important in influencing individuals’ behaviours (Dunton, 2017). EMA 

techniques may be useful to overcome methodological limitations that 

comes with self-report and devise-based assessment of physical activity 

and sedentary behaviour (Knell et al., 2017). EMA has been used to 

measure physical activity and sedentary behaviour in adults (Maher et al., 

2018). 
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2.6. Health promotion programs  

        Corrective and preventive action is needed for the vulnerable 

subpopulation (shift workers) of the global workforce. Findings suggest 

that interventions are needed to improve the physical and mental health 

of shift workers (Neil-Sztramko et al., 2014). In terms of sedentary 

behaviour, the evidence is lacking, and most of the available evidence 

shows that shift workers are less sedentary than non-shift workers 

(Monnaatsie et al., 2021). However, occupations that result in high 

sedentary time, like drivers and call-centre workers, will benefit from 

health promotion programs targeting reduced sitting time. It has been 

suggested that interventions for improving health should focus not only 

on prescribing MVPA but also include recommendations and strategies to 

reduce sitting time (Dunstan et al., 2021). 

       In recent years, there has been an increased number of health 

promotion intervention studies targeting shift and non-shift workers. A 

systematic review and meta-analysis of workplace interventions improved 

MVPA levels and related cardiometabolic health of working-age women in 

high-income and developing countries (Reed et al., 2017). Bort-Roig et al. 

conducted a mHealth workplace-based ‘sit less, move more’ intervention 

and found no changes in MVPA or sitting patterns were observed during 

worktime or non-work time on a workday (Bort-Roig et al., 2020). 

However, a review on mHealth interventions provided modest evidence 



 

 

 

32 

that app-based interventions to improve physical activity and sedentary 

behaviours can be effective (Schoeppe et al., 2016).  

       Adults spend significant amounts of time of their waking hours in the 

workplace; thus the workplace can provide an important setting for 

implementing interventions to promote healthy lifestyle change (Genin et 

al., 2019). The workplace offers several advantages in that a substantial 

number of the working population can be reached (Buckingham et al., 

2019). Moreover, workplace-based research is a key step for translating 

findings to real-world settings and interventions specifically targeted at 

improving lifestyle behaviours (Neil-Sztramko et al., 2014).  

       Several investigators have shown that workplace interventions are 

effective in increasing physical activity and reducing sedentary time (Chu 

et al., 2016; Reed et al., 2017). Workplace health promotion 

interventions have been shown to be effective in improving workers' 

health, wellbeing, and productivity if they are tailored to suit the 

organisational requirements (Demou et al., 2018). Buckingham et al. 

investigated mobile health interventions for promoting physical activity 

and reducing sedentary behaviour in the workplace. One systematic 

review reported diverse methods and approaches used for lifestyle 

workplace interventions (Buckingham et al., 2019). Text messaging-

based cues had the potential to form physical activity habits at the 

workplace (Fournier et al., 2017). 
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       The effectiveness of interventions may also be increased by applying 

principles from a wide range of theories incorporating all aspects that 

influence behaviours, including social, cultural, and economic factors 

(Davis et al., 2015). The Medical Research Council (MRC) guidance in the 

UK offers help in developing complex interventions by starting with 

understanding the problem and the need for intervention (O'Cathain et 

al., 2019). The MRC also involves key early tasks to develop a theoretical 

understanding of the likely process of behaviour change by drawing on 

existing evidence and theory (Craig et al., 2008) and deciding on 

behaviour change techniques to use (Croot et al., 2019). Several theories 

have been used in public health interventions, for example, the theory of 

planned behaviour (Ajzen, 2011) and social cognitive theory (Bandura, 

2004). However, they do not account for other important determinants 

for behavioral intention and motivation, such as fear, threat, mood, or 

experience (Ong et al., 2022). 

 

         The Behaviour Change Wheel (BCW) (Michie et al., 2011) is an 

example of the protocol that can be used to change sitting behaviours and 

physical activity in shift workers. The BCW framework encompasses the 

components of capability, opportunity, and motivation to interact to 

generate behaviour - the ‘COM-B’ system. The framework has been used 

in intervention study designs focusing on targeted action mechanisms and 

integrating behaviour change theory (Munir et al., 2018).  
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       In the COM-B model, capability is defined as the individual's 

psychological and physical capacity to engage in a behaviour. It includes 

having the necessary knowledge and skills. Motivation is defined as all 

those brain processes that energize and direct behaviour, not just goals 

and conscious decision-making. It involves habitual processes, emotional 

responding, as well as analytical decision-making. Opportunity includes all 

the factors that lie outside the individual that make the behaviour possible 

or prompt it (Michie et al., 2014).  Figure 2.2 represents the potential 

influence between components in the COM-B system. For example, 

opportunity can influence motivation, as can capability; and performing a 

behaviour can alter capability, motivation, and opportunity.  

 

 

Figure 2.2 The COM-B system framework for understanding behaviour 

(from Michie et al., 2011) 
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        A given intervention might change one or more components in the 

behaviour system and the causal links within to alter the effect of 

interventions (Michie et al., 2011), making the COM-B model likely to be 

effective in bringing about behaviour change in shift workers’ lifestyle 

behaviours. The COM-B model has been applied successfully in a number 

of interventions in different contexts, such as sedentary behaviour (Biddle 

et al., 2020; Castro et al., 2021), physical activity (Webb et al., 2016; 

Willmott et al., 2021) and obesity prevention (Croker et al., 2020). For 

example, a recent workplace health promotion intervention targeting new 

graduate nurses reported an improvement in the health knowledge, and 

dietary and physical activity behaviours of some participants using the 

COM-B model (Brogan et al., 2022).  

 

       Some behaviour change techniques, including planning, specific goal 

setting, self-monitoring, and feedback on behaviours, are associated with 

effectiveness of interventions in increasing physical activity (Schroé et al., 

2020). In addition to using theories and behaviour change techniques, the 

MRC also recommends process evaluations (Fletcher et al., 2016). 

Process evaluation focuses on building, testing, and refining middle-range 

theories regarding complex causal mechanisms and how these interact 

with individuals’ agency and social context to produce outcomes (Moore 

et al., 2019).  
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          Process evaluation is widely advocated for health promotion 

programs. In addition, the use of evaluation framework for intervention is 

crucial (Wallner et al., 2023). Process evaluations can provide an in-depth 

understanding of mechanisms of impact and context to understand how 

outcomes are interpreted (Johansson et al., 2022). This is done by 

analysing the implementation process and where context is important 

(Thøgersen-Ntoumani et al., 2019). Other evaluations, for example, the 

constructive evaluation is based on finding the information on how to 

improve the program, whereas the concluding evaluations gather 

information to assess the value of the program (Chen, 2014).  

 

       Applying a structured guide or plan is necessary to allow for 

comprehensive assessment like the RE-AIM framework. The RE-AIM is an 

acronym for the framework’s five evaluation components: Reach, 

Effectiveness, Adoption, Implementation, and Maintenance. Reach refers 

to the absolute number, proportion, and representativeness of individuals 

participating in each intervention or program. Effectiveness is the impact 

of an intervention on important outcomes. Adoption is the absolute 

number, proportion, and representativeness of settings and intervention 

agents who initiate a program. Implementation refers to the intervention 

agents' fidelity to and adaptations of intervention and associated 

implementation strategies, including consistency of delivery as intended 

and the time and costs. Maintenance is the extent to which a program or 

policy becomes institutionalized or part of the routine organizational 
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practices and policies (Glasgow et al., 1999). It helps better understand 

what works and what does not and under what conditions and evaluation 

of all interacting factors (Kwan et al., 2019). Through these components, 

the impact of interventions can be assessed at both individual and 

organizational levels (Sweet et al., 2014). The framework's operational 

components have been increasingly applied over the years. RE-AIM was 

applied in a workplace-based cluster randomised trial that showed how 

the intervention reduced neck pain in office workers (Welch et al., 2020). 

 

2.6.1. Workplace health promotion programs for shift workers  

       The current prevalence of NCDs and mental health disorders in shift 

workers is concerning. Therefore, improving the associated health risk 

factors like physical activity is essential. In recent years, there has been 

an increased number of workplace interventions targeting physical activity 

and sedentary behaviour. The workplace provides an arena to promote 

physical activity and reduce sedentary behaviour. A systematic review of 

these behaviours in the workplace concluded that interventions might be 

most effective when targeted at white-collar workers, mainly because 

blue-collar work (including shift work) was associated with higher 

occupational physical activity and less sedentary time (Smith et al., 

2016). Their findings suggest that for physically active occupations, 

physical activity interventions are not necessary. However, occupational 

physical activity is regarded as potentially hazardous and may not be 

beneficial for workers health (Coenen et al., 2020). An approach called 
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the ‘Goldilocks Principle’ can thus be used to design health promoting 

work. The approach illustrates the need to design work with ‘just right’ 

amount of physical activity, standing and sitting. (Straker et al., 2018). In 

addition, health promotion at work has extensive reach, can positively 

influence workers’ health and wellbeing, and can result in improved 

productivity, decreased fatigue, and, consequently, reduced absenteeism 

(Prince et al., 2021). 

 

        Shifts in workplace culture are needed to improve shift workers’ 

physical activity levels, and subsequently cardiometabolic health. As the 

nature of work often results in fluctuating work hours, disturbances in 

circadian rhythm, and various health problems, interventions tailored to 

work patterns and occupational category may be useful to improve 

movement behaviours (Nea et al., 2015). Therefore, research must 

prioritise strategies to reduce the burden of shift work (Gupta et al., 

2019). 

 

         A systematic review including seven studies on the impact of 

workplace interventions in improving healthy diet and physical activity in 

‘around the clock’ (shift) workers showed moderate positive effects 

(Lassen et al., 2018). The review also highlights the need for more 

evidence on workplace intervention to promote physical activity and 

healthy behaviours in shift workers with individually tailored programmes. 

In a randomised control trial, Brunet et al. provided evidence for the 
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potential of a web-based intervention to improve moderate-to-vigorous 

intensity physical activity among nurses (Brunet et al., 2021).  

 

         A structured health intervention for long distance truckers 

increased the mean daily steps, moderate-to-vigorous physical activity (6 

mins/day, 95% CI: 0.3–11), and reduced time spent in sitting (Clemes et 

al., 2022).  However, daily step counts remained constant across the 20-

week intervention in a sample of 26 Australian drivers (Gilson et al., 

2016). A four-week m-health pilot randomised study resulted in no 

changes in sleep quality in shift-workers (Oftedal et al., 2019). The 

results of a systematic review investigating group-based workplace 

interventions for shift workers demonstrated moderate evidence for 

effectiveness on weight and physical activity (Demou et al., 2018).  

 

        Other recent workplace interventions targeted at shift workers 

included a cluster randomized controlled trial design to examine the 

effectiveness of the mobile wellness program for nurses with rotating 

shifts (Ha et al., 2022); high-intensity exercise training over eight weeks 

targeted to improve cardiovascular disease risk factors among shift 

workers (Mamen et al., 2020) and a non-pharmacological fatigue 

countermeasure of short-wavelength light exposure and exercise (Barger 

et al., 2021). Additionally, most physical activity interventions have 

targeted nurses and healthcare workers (Brogan et al., 2022; Ha et al., 

2022; Williams et al., 2018), drivers (Guest et al., 2022; Varela-Mato et 
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al., 2018) and mainly in high-income countries (Gilson et al., 2019). This 

is particularly important, as 15-30% of the workforce involved in shift 

work is estimated to be in high-income countries, and a substantial 

number are found in the healthcare industry (Sweileh, 2022). Considering 

that work tasks and demands differ by industry and will influence 

workers' behaviours differently, developing interventions and programs 

suitable for different organisations is necessary. For example, drivers 

accumulate large volumes of sedentary behaviour than nurses (Guest et 

al., 2020). This presents research gaps in other industries like mining and 

manufacturing.  

 

       Similarly, due to rapid industrialization in developing countries, more 

research is needed on the shift in the work population in those countries. 

Like Sweileh’s findings in their analysis of research on shift workers, the 

limited contribution of LMICs is primarily due to limited research 

resources rather than the absence of the problem (Sheileh, 2022). Thus, 

while the shift work population is lower in LMICs, the workers face the 

same problems. 

 

2.7. Summary of literature review 

         While previous research has examined health behaviours in shift 

workers, little is known regarding the impact of mobile-based intervention 

considering the setting and timing of shift patterns in mining shift 

workers. There is a need to pilot real-time mobile technology and the 
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influence of shift work patterns on physical activity. The findings highlight 

the need to target shift workers with workplace interventions that aim to 

improve their adherence to population physical activity guidelines. A 

study on the barriers and facilitators to a healthier lifestyle and the 

impact the working environment can have on shift workers found that the 

workplace environment was key in assisting shift workers to adopt and 

lead healthier lifestyles (Nea et al., 2017). In addition, the literature 

suggests that forming physical activity habits at the workplace might 

facilitate long-term maintenance of physical activity behaviours (Fournier 

et al., 2017).  

 

       Most studies investigating physical activity and sedentary behaviours 

were in first-world countries, for example, the USA, Australia, 

Netherlands, and Canada, and a few from LMICs (Monnaatsie et al., 

2021). Physical activity research should continue to examine the 

mechanisms causing adverse health issues, the scope on feasibility and 

validity of physical activity and sedentary behaviours surveillance and 

innovative measures while improving the reach and translation to real-

world settings, and the health promotion programs explicitly catering to 

the type of work.   

 

2.8 Research gaps 

       Shift work is becoming increasingly prevalent. Epidemiological 

evidence showed that shift work is associated with negative health 
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outcomes, and disease risk is apparent. Together with sleep and 

nutritional intake, physical and sedentary behaviours are important for a 

shift worker’s health. However, while the burden of diseases is increasing, 

evidence shows that fewer health promotion programs have targeted 

physical activity.  

 

       Evidence showed mixed findings when comparing physical activity 

and sedentary behaviours in shift workers. The links with physical 

activity, sedentary behaviour, and occupational psychosocial factors are 

worth being explored further. The inconsistency of the findings suggests 

the need for a comprehensive review to harmonise available data on 

physical activity and sedentary behaviours levels in shift and non-shift 

workers. Possible barriers to regular physical activity, including the type 

of shift and work factors, have been assessed. However, detailed 

information about how shift work influences physical activity and 

sedentary behaviour of workers is lacking. Thus, these factors need to be 

identified in large, controlled prospective studies to include and report the 

type of physical activity. Additionally, the findings show that few studies 

investigated sedentary behaviours in shift workers. Given the significant 

contribution of the workplace to sedentary behaviours in various shift 

work industries, more research is needed to investigate the sedentary 

behaviours of shift workers.  
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       Quantifying physical activity and sedentary behaviour patterns that 

might fluctuate with varying work schedules may need a more feasible 

tool that measures behaviours in real time. To make sound decisions 

regarding shift workers’ physical activity and sedentary behaviours, the 

highest quality evidence should be sought to develop and implement 

appropriate health interventions. Insights into physical activity levels and 

sedentary behaviours can offer opportunities for developing lifestyle 

interventions to improve shift workers’ health.  

 

       The findings on the linear association between the duration of 

exposure to shift work and increased health risk were unclear in other 

studies. More longitudinal studies are needed to understand the 

association between adverse health outcomes and lifestyle behaviours. 

Occupational characteristics were associated with higher sitting, shorter 

sleep, and less activity, suggesting an important role for workplaces in 

promoting healthier behaviours (Clark et al., 2017). While there are some 

intervention studies conducted to improve shift workers’ wellbeing, most 

studies are from high-income countries. There is a paucity of research on 

workplace health promotion in LMICs like Botswana and specifically in 

mining companies.  

 

 

 





 

 

 

45 

CHAPTER 3: PAPER 1-PHYSICAL ACTIVITY AND SEDENTARY 

BEHAVIOR IN SHIFT AND NON-SHIFT WORKERS: A SYSTEMATIC 

REVIEW AND META-ANALYSIS 

 

3.1 Introduction 

       Physical activity and sedentary behaviour can be used as treatment 

and prevention strategies to reduce the burden of disease in shift workers 

(Patnode et al., 2017). Current evidence shows mixed results when 

comparing the physical activity and sedentary behaviour in shift workers 

with those who work traditional daytime hours (Loef et al., 2018). It is 

important to harmonize the data available to help understand habitual 

levels of physical activity and sedentary behaviour in shift workers in 

various shift work industries. Therefore, the systematic review and meta-

analysis in chapter 3 aimed to collate the evidence on habitual levels of 

physical activity and sedentary behaviours in shift workers compared to 

non-shift workers.   
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3.2 Study 1: Monnaatsie, M., Biddle, S. J. H., Khan, S., & Kolbe-

Alexander, T. L. (2021). Physical activity and sedentary behaviour 

in shift and non-shift workers: A systematic review and meta-

analysis. Preventive Medicine Reports, 24, 101597. 

doi.org/10.1016/j.pmedr.2021.101597 

 

 





 

 

 

48 





 

 

 

50 



 

 

 

51 



 

 

 

52 



 

 

 

53 



 

 

 

54 



 

 

 

55 



 

 

 

56 



 

 

 

57 

 
 
 
 

 



 

 

 

58 

3.3 Implications and contribution to the advancement of the 

research area 

       The main findings of the systematic review and meta-analysis 

revealed that, the prevalence of workers meeting physical activity 

guidelines did not differ between shift and non-shift workers. The other 

finding is that there were no differences on time spent physical activity 

between shift workers and non-shift workers. Approximately, 40% of shift 

and non-shift workers met the physical activity guidelines. The results of 

the meta-analysis showed that shift workers tended to spend less time in 

sedentary behaviour than non-shift workers. Fewer studies investigated 

sedentary behaviour; thus more studies are needed to fully understand 

sedentary behaviour in shift workers. 

 

       A large number of studies included used self-report measures, which 

presented recall and social desirability biases. Measurement tools that can 

assess domains and determinants while providing feasible, affordable, 

and practical measures of physical activity and sedentary behaviour are 

necessary. EMA offers an alternative tool to overcome the retrospective 

biases of other self-report measures. In addition, it allows for use of 

newer mobile technologies. While EMA may seem like an important tool to 

assess behaviours in shift workers, wearable devices like smartwatches 

are ambitious and have become popular to monitor and promote healthy 

behaviours (Greiwe & Nyenhuis, 2020; Gualtieri et al., 2016; Wen et al., 

2017). Wearable devices provide a convenient, cost-efficient, and 
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innovative tool to improve overall well-being in the workplace, 

encouraging employees to plan and participate in physical activity (Yen, 

2021).  

  

       The meta-analysis provided an overview of overall physical activity 

and sedentary behaviour in shift workers; however a few gaps were 

identified in the literature. For example, studies included mainly used 

workers from health care industries. It may be essential to investigate 

and include other industries like mining for future intervention studies. 

Moreover, it is important to report and harmonise data by work industries 

by investigating other shift work industries. In addition, reporting the 

behaviours by domains is important to understand the determinants of 

the behaviours in shift workers. To fully understand the movement 

behaviours future studies may report all domains. Especially that there is 

evidence that occupational physical activity may not be beneficial for 

health (Holtermann et al, 2020). Recently, a scoping review summarised 

longitudinal studies on sleep, physical activity, and nutritional intake in 

shift workers and showed that some shift workers are physically inactive 

(Crowther et al., 2022).  
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CHAPTER 4: PAPER 2-FEASIBILITY OF ECOLOGICAL MOMENTARY 

ASSESSMENT IN MEASURING PHYSICAL ACTIVITY AND 

SEDENTARY BEHAVIOUR IN SHIFT AND NON-SHIFT WORKERS 

 

4.1 Introduction 

        Most of the studies included in the systematic review in chapter 3 

used traditional self-report measurement tools (Monnaatsie et al., 2021). 

There were fewer studies that used devices such as Actigraph (Loef et al, 

2018), pedometers (Kwiecień-Jaguś et al., 2019) and activPAL (Chappel 

et al., 2020) to assess physical activity and sedentary behaviour in shift 

workers. While devices provide less biases than traditional self-report 

measures, they are unable to provide the contexts of behaviours (Prince 

et al., 2019).  

 

       Work tasks and factors are hypothesised to influence behaviours in 

shift workers (Kolbe-Alexander et al., 2019). Understanding the work 

factors of physical activity and sedentary behaviour in shift workers are 

particularly important. For example, the workplace environment and work 

tasks are some of the important determinants to provide the context of 

behaviour during the development of interventions (Watanabe et al., 

2018). If measurement tools provide information on the context of 

behaviours, health promotion programs could be effective (Uijtdewilligen 

et al., 2011). Therefore, measurement tools that present less recall bias 

and more contexts of behaviours are necessary (Mead & Irish, 2022). 
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Examining the intra-individual variability in movement-related behaviours 

can provide important insights into shift workers behaviours and health 

promotion efforts may be improved (Perski et al., 2022). Therefore, the 

next study (Study 2, Chapter 4) aimed to assess the feasibility of EMA 

using a mobile application. EMA provides an alternative measure to 

assess physical activity and sedentary behaviour in shift workers.  
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4.2 Study 2: Monnaatsie, M., Biddle, S. J. H., Kolbe-Alexander T. 

Feasibility of ecological momentary assessment in measuring physical 

activity and sedentary behaviour in shift and non-shift workers. 

Submitted to Measurement in Physical Education and Exercise Science 

(Q2 Journal, Impact factor: 2.1). Revisions done. 

 

Abstract 

         Ecological momentary assessment (EMA) evaluates physical activity 

and sedentary behaviour in real-time and could be adapted to shift work 

schedules. This study compared the feasibility of EMA to measure physical 

activity and sedentary behaviour in workers. Shift (n=69) and non-shift 

(n=51) workers were enrolled. Participants downloaded the EMA app and 

answered 5 EMA surveys per day, for 7-10 days. The shift workers were 

sub-divided into 2 groups: Shift workers in group 1 received prompts 

tailored according to their work schedules (SW-T); shift workers group 2 

(SW-S) and non-shift workers (NSW-S) received prompts at standardised 

times. Feasibility outcomes included overall EMA compliance and factors 

influencing responses. Participants responded to 64% of EMA prompts, 

with no differences between groups. EMA prompt responses differed by 

the timing of prompts (p=0.02), work versus non-workdays (p=0.36) and 

shift schedule (p=0.02). On average, each participant received 37 

prompts per day, of which 24 were answered. Compliance was reduced 

after the fourth prompt of the day in all participants. SW-T and SW-S 
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were more likely to answer prompts during non-workdays, while NSW-S 

answered more prompts during workdays. SW-T answered fewer prompts 

while working night than day and evening shifts, whereas SW-S prompts 

answered fewer prompts on their evening shifts. Mobile EMA is feasible to 

quantify physical activity and sedentary behaviour in shift workers. 

Tailoring prompts according to shift work schedules influenced the EMA 

responses. Future EMA research should consider sending four prompts per 

day to increase EMA completion rates.  

 

Introduction 

       Physical inactivity is one of the leading modifiable risk factors for 

cardiovascular disease and all-cause mortality (Lavie et al., 2019) and 

has a strong association with poor mental health. Globally, 27.5% of the 

adult population do not meet the physical activity guidelines when activity 

is self-reported (Guthold et al., 2018). High levels of sedentary time 

(inactive sitting) has also been associated with all-cause mortality, 

cardiovascular diseases, cancer mortality and type 2 diabetes (Patterson 

et al., 2018; Zhao et al., 2020). A recent study shows that adults spend 

approximately 8.2 hours a day sedentary (Dempsey et al., 2020). 

 

        In the shift working population, physical activity and sedentary 

behaviour may be influenced by shift patterns and schedules (Kolbe-

Alexander et al., 2019). Shift work can include work in the early morning, 
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at night, in the late afternoon/evening, or rotating shifts (Cheng & Drake, 

2019). Strong evidence shows that working shifts is associated with 

increased risk of chronic diseases like cardiovascular diseases, breast 

cancer and diabetes (Torquati et al., 2018; Wu et al., 2022). Further, 

mental health outcomes, weight gain, sleep disorders and metabolic 

syndrome are higher in shift workers than in day workers (Lee et al., 

2017; Sooriyaarachchi et al., 2022). Because of adverse health outcomes 

of shift work, there is a need to understand and evaluate the physical 

activity and sedentary behaviour patterns of shift workers (Crowther et 

al., 2022). Advancing the field of physical activity and sedentary 

behaviour in shift workers requires measurement tools that are practical 

and feasible (Loef et al., 2018; Stevens et al., 2020). 

 

         Physical activity and sedentary behaviours in shift workers have 

been assessed with surveys such as the International Physical Activity 

Questionnaire (IPAQ), (Vlahoyiannis et al., 2022) IPAQ-short form, (Park 

& Suh, 2020) questions from the Behavioral Risk Factor Surveillance 

System (BRFSS), (Chin et al., 2016) or devices including ActiGraph, 

activPAL and Actical accelerometers, (Loef et al., 2018; Neil-Sztramko et 

al., 2016) and pedometers. (Kwiecień-Jaguś et al., 2019) Evaluating 

physical activity and sedentary behaviour with traditional self-report 

measures are feasible and can be cheaper to implement within population 

surveillance (Colley et al., 2018). Another advantage is that they can be 

used in large population studies and place a low burden on participants 
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and researchers (Cleland et al., 2018). For example, in a recent study of 

7607 workers, IPAQ-SF was used to compare shift and non-shift workers’ 

physical activity and sleep behaviours (Fenwick et al., 2022). However, 

self-report measures are often subject to bias and can lead to difficulties 

in recalling physical activity and sedentary behaviours by participants 

(von Haaren‐Mack et al., 2020). 

 

          Device-based measurement tools such as accelerometers allow 

movement to be continuously and more precisely monitored (Tarp et al., 

2020). Devices are feasible and acceptable to researchers in terms of 

time taken to download data (O’Neill et al., 2017). They record raw 

accelerations and establish algorithms to produce acceleration or activity 

counts over specific periods or epochs (Bammann et al., 2021). The 

activity counts are used to classify the intensity of physical activity (light, 

moderate, vigorous). Devices have several advantages over self-report 

methods (Migueles et al., 2017). However, they do not provide 

information on the environmental context or domains of activity (Mielke 

et al., 2022). The environmental context, including occupational 

indicators and work schedules are important to understand shift workers’ 

physical activity and sedentary behaviour (Vandelanotte et al., 2013).  

 

         EMA techniques may be useful to overcome methodological 

limitations associated with self-report and devise-based measures (Knell 

et al., 2017). EMA assess behaviours based on repeated measures that 
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take place in real-world settings, over time, and across contexts (type 

and location) (Dunton et al., 2012; Maher et al., 2018). Real-time 

collection of behaviours minimizes errors caused by recalling what 

happened in the previous day, week or month (Marszalek et al., 2014). 

When comparing EMA with other self-report measures (e.g., BRFSS and 

IPAQ) against accelerometry versus EMA with accelerometry, EMA 

presented significant agreement and accuracy than self-report measures 

(Knell et al., 2017). Thus, EMA could be effective for awake and timing 

challenges when assessing  behaviours in shift workers because of its 

ability to be adapted to in-moment events. Additionally, physical activity 

and sedentary behaviour are influenced by several factors including 

individual’s social, physical and environment (Stokols, 1996). To 

understand these behaviours, it is crucial to collect information about 

context of the behaviour. For example, information about shift schedules, 

and behaviours during work and non-workdays can be influenced by shift 

work. EMA is well suited to examine changes in movement behaviours 

and the factors that influence them as they occur in everyday life 

(Engelen et al., 2016).  

 

         Technological advances allow the use of smartphones to facilitate 

prompt setting and timestamping responses that are now commonly used 

in EMA studies (Müller et al., 2018). Smartphone EMA studies involve 

sending repeated brief surveys assessing current behaviour, as well as 

contextual information such as location and type of activity (de Vries et 



 

 

 

67 

al., 2021). An increasing number of studies are exploring the feasibility of 

EMA with smartphone applications to measure physical activity and 

sedentary behaviour in adults and older adults, (Dunton et al., 2012; 

Maher et al., 2018) and in college students. (Bruening et al., 2016) 

Compliance rates range between 58%-92% for adults (Engelen et al., 

2016; Maher et al., 2018), suggesting that EMA is a feasible assessment 

tool.  

 

           Previous research suggests that EMA is feasible in Fly-In-Fly-Out 

(FIFO) shift workers (Rebar et al., 2018). However, this research did not 

include information about shift types (day, evening, or night) thus not 

fully capitalizing on the potential of EMA to be adjusted according to 

various schedules. Additional studies with non-shift work populations 

showed that EMA was feasible in assessing health behaviours (Engelen et 

al., 2016; Weatherson et al., 2019). For instance, 45 adults were 

recruited for a workplace sit-to-stand desk intervention to assess the 

feasibility of EMA. Participants received five surveys each day for five 

workdays via smartphone application and the response rate was 81.4% of 

EMA prompts (Weatherson et al., 2019). These studies did not tailor EMA 

surveys according to work schedules. Shift work schedules are variable, 

even in the same industries and similar workplaces, making EMA a 

potentially suitable tool for assessing the behaviours during fluctuating 

rosters.  
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          Consequently, little is known about the use of EMA adapted to 

work schedules to evaluate physical activity and sedentary behaviour 

patterns in the shift work population. The aim of this study, therefore, 

was to evaluate the feasibility of EMA to assess physical activity and 

sedentary behaviour in shift and non-shift workers. The main objective 

was to compare EMA survey completion rates shift and non-shift workers.  

 

Methods 

Participants and procedure 

      This is a longitudinal EMA design with multiple assessments (Burke et 

al., 2017), comparing the feasibility of an EMA application for shift 

workers and non-shift workers. Full time workers were recruited via word 

of mouth, flyers, and social media. After receiving an information sheet, 

participants were invited to an in-person visit with the researcher. During 

the visit participants (1) signed the consent form, (2) completed the 

questionnaires about their demographic characteristics and health risk 

appraisal, (3) had anthropometric measures taken and, (4) downloaded 

the EMA app. Participants completed 7-10 days of EMA data collection. 

The number of days was dependent on participant individual shift 

schedules to collect EMA data during all work schedules and non-

workdays. Non-shift workers participated in the study for 7 consecutive 

days including five workdays and 2 non-workdays. This research study 

was approved by the University of Southern Queensland’s Human 

Research Ethics Committee.  
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Measures 

Ecological momentary assessment  

       The SEMA3 app link (Koval et al., 2019) was sent via email for 

participants to download onto their mobile phones. The researcher 

showed participants how to set up and use the app. Upon receiving the 

EMA prompt on their phones, participants were instructed to stop their 

current activity, provided it was safe to do so, and complete a 1-minute 

survey. EMA surveys were sent via the app five times per day. The survey 

expired after 30 minutes of no response. Shift workers (n=51) SW-T were 

sent tailored prompts, and a sub-group of shift SW-S (n=18), and non-

shift workers NSW-S (n=51) received the standardised prompts. The 

tailored prompts were set according to shift schedule and were different 

for each participant, while standardized prompts were sent at the same 

time of day during work and non-workdays. The tailored prompt times 

were based on anticipated shift schedules and wake-sleep pattern of the 

shift workers and adjusted when they reported any change of shift 

schedule. This avoided shift workers receiving prompts while they were 

sleeping. The standardized EMA surveys were sent between 10:00 AM and 

10:00 PM daily. Each EMA survey consisted of five questions and took less 

than a minute to complete. Table 4.1 summarises the EMA survey 

prompting schedule
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provide more detailed information on the “other” activity. For each 

activity reported, participants were asked to report time spent (in 

minutes) on the activity and their location. Survey responses were 

downloaded from the SEMA website in CSV format and converted to excel 

files. Figure 4.1 presents an example of the screen shots from the EMA 

items. The EMA questions and the number of prompts were adapted from 

previous EMA studies assessing physical activity and sedentary behaviour 

(Dunton et al., 2012; Maher et al., 2018). 

 

Figure 4.1 SEMA app screenshots from the researcher phone.  
The images show how the EMA questions appeared on the mobile 
phone.   
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EMA feasibility 

       Our primary outcome was feasibility of the EMA application survey, 

measured by enrolment rate, retention rate, engagement and adherence, 

and EMA compliance. Markers of feasibility were reported for all 

participants and the three groups (SW-T, SW-S and NSW-S). 

 

Enrolment and retention 

       Enrolment rate represented the percentage of invitees who enrolled 

in the study, whereas the retention rate represented participants who 

completed 7-10 days of prompts.  

 

EMA compliance 

       The percentage of EMA surveys completed out of the sent ones were 

reported as the overall compliance rate. The unanswered EMA prompts 

that were delivered to participants’ phones were categorised as missed 

prompts. The time taken to answer each prompt was recorded.  

 

EMA adherence 

       The adherence to the EMA survey was measured by the number of 

EMA responses for the 7-10 days and per day and by work factors 

including work versus non-workdays and shift schedules. 
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Predictors of EMA compliance 

       To determine the influence of answering EMA prompts, participant’s 

demographic characteristics were used.  

 

Prevalence of EMA reported physical activity and sedentary behaviour 

       EMA-reported physical activity was measured by asking participants 

to report by choosing among other options of EMA survey current 

activities when they were engaged in any physical activity. Sedentary 

behaviour was assessed by participants reporting that they were sitting or 

not with their current activity. To summarize, the EMA-reported physical 

activity and sedentary behaviour percentages were calculated.  

 

Health risk appraisal questionnaire 

       Participants’ age (years), gender (male, female or prefer not to say), 

marital status, and shift schedules were reported. The health risk 

appraisal section asked participants to report their perceived health status 

by choosing the options ‘poor’, ‘average’, ‘good’ or ‘excellent’. Participants 

also reported how their work schedule impacted their activities, including 

leisure time and domestic activities. The questionnaire was adapted from 

a previous shift work study (Kolbe-Alexander et al., 2019). 

 

Anthropometry 

       Waist circumference measurements (to the nearest 0.5 cm) were 

taken by placing a tape measure midpoint between the lower border of 



 

 

 

74 

the rib cage and the iliac crest. (Ross et al., 2020) Participants’ height 

was measured to the nearest 0.1 cm using a stadiometer (Seca) Weight 

was measured to the nearest 0.1 kg using a digital scale (Seca 803). 

Body mass index (BMI) was calculated as weight/height squared (m2). 

 

Statistical analysis 

       The demographic characteristics and feasibility markers were 

summarised as means and standard deviation for continuous variables, 

and frequencies and percentages for categorical variables. To test for 

normality, we used histograms and Shapiro-Wilk tests. We performed a 

Kruskal-Wallis test to examine the differences in the demographic 

characteristics of participants in the three work groups (SW-T, SW-S and 

NSW-S) and EMA compliance between groups. Pearson correlation 

coefficients were calculated to test associations between age, sex, and 

BMI with EMA compliance rate. The association between EMA prompt 

responses and workdays and shift schedules were examined using 

multinominal logistic regression analyses. The alpha level was set to 0.05, 

for all analyses and all statistics were conducted in SPSS version 27. 

 

Results 

Participant characteristics 

       The non-shift workers were significantly older than both the shift 

work groups (Table 4.2). Body Mass Index was similar for the groups with 

an average of 27.9 kg/m2, placing participants in the overweight category. 
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EMA feasibility 
 

Data availability and enrolment 

         Figure 4.2 is an overview of the participants at each stage of the 

study. Workers (n=164) were invited to participate in the study, with 128 

accepting and enrolling (78%). The reasons for declining participation 

included being unwilling to travel to the university campuses for the in-

person visit, or not responding to invitation emails. All the 128 workers 

who were enrolled completed the study, thus retention was 100%. 

However, eight participants did not receive EMA surveys due to unknown 

technical problems. Thus, 120 participants who completed the study were 

included for final analyses, including 51 shift workers (SW-T) who 

received EMA tailored prompts, 18 shift workers (SW-S) who received 

standardized prompts, and 51 non-shift workers (NSW-S) who also 

received standardized prompts.  
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Figure 4.2 Participation at each stage of the study 
 

 

 

 

 

 

 

 

  

Participants invited (n=164) 
 

Unknown EMA 
technical issues (n=8) 

 
  

SW-T (n=51) 
 

Enrolled (n=128) 

 Measurement: 
-Questionnaire (n=128) 

-EMA app (n=120) 
-Anthropometry measured (n=107) 

-Self-reported anthropometry (n=21) 
 
 
 

EMA data (n=120) 
Total EMA prompts sent =4482 

NSW-S (n=51) 
 

SW-S (n=18) 
 

 

 

-Not willing to travel for 
meetings (n=14) 

-No response (n=22) 
 

Prompts sent per 
person=38 

Total prompts sent =1962 
 

 

Prompts sent per 
person=42 

Total prompts sent =757 
 
 

 

Prompts sent per 
person=35 

Total prompts sent=1763 
 
 

 

Legend. HRA: Health risk appraisal, Participants invited represents the number of 
participants sent emails, EMA prompts sent– the number of EMA surveys 

successfully sent to mobile phone. EMA prompts per person are number of EMA 
Surveys sent to each participant. SW-T: shift workers with tailored EMA prompts, 
SW-S: shift workers who received standardized prompts, NSW-S: non-shift 

workers with standardised prompts. 
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EMA adherence 

       Figure 3 shows the completed prompts according to the timing of 

daily prompts (first to fifth prompt). The most frequently answered was 

the first prompt of the day (24%), and the fifth was the least answered 

(14%) in all participants. The post-hoc results show the difference in 

prompt responses was between fourth (p=0.04) and fifth (p=0.012) and 

between SW-T and SW-S (p=0.008) and SW-T and NSW-S (p=0.02).  

The mean number of days of EMA completed surveys was 4.4 days (SD 

2.3) out of a possible 7 days in non-shift workers, and 5.3 days (SD 4.5) 

out of a possible 10 days in shift workers. Prompts responses did not 

differ by days.  
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EMA engagement  
 

       For comparison of the five EMA prompt responses, participants 

across all three groups were more likely to answer the second and fourth 

prompts than the first but not the third and fifth prompts of the day. 

When compared to the reference group (NSW-S) the EMA tailored 

prompts group (SW-T) were also less likely to answer the second and 

fourth prompts than the first prompt but the not 3rd and 5th. The SW-S 

were less likely to answer all the four prompts than the first prompt of the 

day (Table 4.4). 
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EMA compliance and demographics predictors 

       EMA compliance was unrelated to age (r=-0.03; P=0.47), gender 

(r=0.08; P=0.47), BMI (r=0.03; P=0.38), and marital status 

(r=0.03; P=0.49).  

 

Prevalence of EMA reported physical activity and sedentary behaviour 

       Engaging in physical activity was reported in 3.7% prompts. Time 

spent watching television was reported in 8% prompts and using phone or 

computer in 10% of the prompts. EMA reported sitting and physical 

activity differed between SW-T (p=0.02) and NSW-S (p=0.00). Non-shift 

workers reported more time spent sitting and physically active than shift 

workers. EMA reported sitting and physical activity were similar in the two 

EMA shift work groups (p>0.05). Supplementary table B.1. presents other 

EMA-reported activities. 

 

Discussion 

        Mobile technology is now widely available, and researchers can 

include electronically delivered EMA surveys to quantify physical activity 

and sedentary behaviour. Shift work results in irregular work patterns and 

schedules and using traditional self-report recall measures and devices 

may be insufficient to cater for irregular work patterns. Therefore, the aim 

of this study was to determine the feasibility of EMA to quantify physical 

activity and sedentary behaviour in shift workers. We adapted the EMA 
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prompts to a group of shift workers’ work schedules and sent standardized 

EMA prompts to another group of shift workers and non-shift workers to 

assess physical activity and sedentary behaviour.  

 

       The overall EMA compliance in our study was 64%. This is 

comparable to other studies involving non-shift workers. Office workers in 

a 5-day study with four EMA surveys per day completed 58% prompts 

(Engelen et al., 2016), whereas unversity workers who received five 

surveys in five working days had a compliance rate of 80% (Weatherson 

et al., 2019). Although we sent the same number of prompts per day as 

Weatherson et al., the overall compliance rate was higher than our study. 

Our EMA survey expired after 30 minutes when unanswered, whereas 

they sent three reminders before the survey expired. Thus, the higher 

compliance rate in their study might have been influenced by sending 

reminders to participants every 10 minutes until the survey expired. It 

was shown that sending frequent reminders to participants before the 

survey expires can increase overall compliance (Elavsky et al., 2021). 

 

       Results from the present study showed no differences in overall 

compliance by the EMA prompt groups. Tailoring prompts may have been 

equally effective in aligning the timing between the tailored EMA prompts 

for shift workers and standardized prompts for non-shift workers. 

Additionally, we sent a group of shift workers standardized prompts, 

resulting in more missed prompts when compared to shift workers with 
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tailored prompts. The missed standardized prompt confirms our initial 

hypothesis that tailoring EMA prompts to shift schedules are more feasible 

than standardized prompts. Previous studies also recommended that EMA 

prompting be tailored to individual participants’ schedules to increase 

compliance (Dunton et al., 2012; Maher et al., 2021). Therefore, the 

method supports estimating physical activity and sedentary behaviour 

with various predictors of behaviours, such as work, non-work, and shift 

schedules with EMA. The use of tailoring prompts can inform future health 

promotion programs using mobile apps on when to deliver prompts to 

improve behaviours based on the days and times of the day when they 

answered more prompts. 

 

       Our study compliance rate may have also been affected by a lack of 

incentives. For example, office workers with the higher compliance rate 

received $20 (Weatherson et al., 2019). In comparison, office workers 

who did not receive incentives had a lower completion rate (Engelen et 

al., 2016). Evidence from a meta-analysis with 477 articles on designs 

and compliance to ecological momentary assessment showed that giving 

participants incentives is associated with higher compliance rates 

compared with no incentives (Wrzus & Neubauer, 2022). 

 

       Our study findings also suggest that EMA surveys present low burden 

to participants. Workers in our study spent less than a minute (0.4 

minutes) on average answering each EMA survey. By comparison, office 
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workers in Engelen et al. study also took less than one minute to complete 

each prompt (Engelen et al., 2016). Similarly, the retention rate was 

higher in our study, showing that EMA reporting was not overly 

burdensome. Only a few participants (n=8) were removed due to lack of 

EMA data.  

 

       Our results showed that the first prompt of the day had the highest 

response rate for shift and non-shift workers. The response rate was 

reduced after the fourth prompt in all the groups. This might be 

attributable to the time of the day when EMA prompts were sent. The last 

prompt of the day for those who received standardised prompts was sent 

at 10 p.m. Therefore, participants may have been sleeping or not close to 

their mobile phones. The lower response rate for the SW-T could be 

related to occupational tasks that did not allow for responses. This is likely 

to be the case for most of our participants who were nurses and 

paramedics and might have been attending to a patient when the prompt 

was received. Whereas non-shift workers, who were mainly office 

workers, may have more access to their phones at work. 

 

       Another advantage of EMA is its ability to capture correlates and time 

varying factors that influence physical and sedentary behaviours (Dunton, 

2017). Our findings showed that prompt response rates did not differ 

according to demographic factors, including age, body mass index, and 

gender. Shift workers in our study were younger than non-shift workers. 
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One would expect that the age differences between shift workers and non-

shift workers to influence the prompt compliance because it has been 

shown that younger participants tend to have lower responses to EMA. 

Rintala et al. concluded that compliance rates are often reduced in 

younger population due to their busy daily routine or less interest (Rintala 

et al., 2019). However, this was not the case in our study as age did not 

influence compliance rate and this is consistent with the results of 

Weatherson et al. (Weatherson et al., 2019). 

 

       Collectively, these findings show that mobile EMA is feasible in 

assessing workers' physical activity and sedentary behaviour. This study 

provides insight into the tailoring of EMA surveys to accommodate shift 

workers’ work schedules. Therefore, the same tailoring of personalised 

content to promote healthy behaviours at the right time in the right 

context can be used in intervention studies for shift workers. 

 

Strengths 

        Participants provided extensive longitudinal data for 7-10 days about 

activities during work and non-workdays. Participants in our study 

received a total of 4482 prompts throughout the study, many data points 

per person. In addition, the EMA protocol allowed for evaluation of within-

individual variation of work, non-work and shift schedule patterns. These 

interactions are difficult to obtain when using traditional self-report 
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measures. This study used shift and non-shift work populations, therefore 

expanding the evidence of use of EMA in both working groups. 

 

Limitations  

       The SEMA3 application used in this study was still in the development 

research stage, thus, we were not able to find out why some prompts 

were not delivered to participants. Further we did not assess participants’ 

mood or stressful events and experiences with using the SEMA 

application. The overall compliance rates could be related to the prompts 

occurring at inopportune times. Further, given that the sample included 

workers in Australia and did not cover all shift work industries, the results 

cannot be generalised to other countries and all shift workers. It has been 

reported that mobile EMA may not be appropriate for all industries, 

however, it was not a validation study and no tailoring by work schedule 

took place (Rebar et al., 2018). EMA with mobile phones has been used in 

a study involving mining shift workers (Rebar et al., 2018).  

 

Conclusion  

       EMA could be considered as an alternative tool to quantify physical 

activity and sedentary behaviour. The EMA completion rate was 

acceptable and differed by work and non-work schedules. Shift workers 

were more likely to answer prompts during non-workdays, while non-shift 

workers were likely to answer prompts during workdays. Future EMA 

studies with shift workers should consider tailoring and sending only four 
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prompts per day as compliance reduced with the fifth prompt. The results 

of our study support tailoring EMA surveys according to the work and non-

workdays. This study adds new knowledge about the feasibility of 

ecological momentary assessment in shift workers.  

 

4.3 Implications and contribution to the advancement of the 

research area 

       Investigating the feasibility of EMA in shift workers provided some 

insights about the possibility of using EMA with a mobile application 

adapted for variability of shift work schedules. For example, we adapted 

the EMA prompts according to work schedules for shift workers. While the 

aim was to investigate the feasibility, the ability of EMA to assess 

behaviours in real time can provide information on work factors and 

context of behaviours with lower recall bias. As such, study 2a adds to 

available studies on the feasibility of mobile EMA application use in 

assessing physical activity and sedentary behaviour. EMA can be used to 

examine the activity, to help better understand the context of behaviours 

and contributing work factors in shift workers.  

 

       In addition, investigating the feasibility, there is need to determine if 

EMA is valid in assessing shift workers’ physical activity and sedentary 

behaviour. Testing validity of EMA will establish if EMA is a reliable 

measure of physical activity and sedentary behaviour in shift workers 

(Bannigan & Watson, 2009).  
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CHAPTER 5: PAPER 3-ECOLOGICAL MOMENTARY ASSESSMENT OF 

PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOUR IN SHIFT 

WORKERS AND NON-SHIFT WORKERS: VALIDATION STUDY 

 

5.1 Introduction 

       EMA has potential to expand our understanding of contextual and 

work factors. EMA provides intensive, real-world data collection enable 

researchers to collect large amounts of information in people’s behaviours 

in their natural environments (Smyth & Heron, 2014). EMA has been 

validated previously in adults, children, office workers, and older adults 

(Dunton, 2012, Maher 2018, Knell et al., 2017). However, there is no or 

little evidence on the validity of EMA in assessing physical activity and 

sedentary behaviour in shift and non-shift workers. Shift work presents 

unique problems to those who do it, because of atypical work schedules 

and work at night. Thus, if EMA is found to be valid, it provides the 

opportunity to be used for health promotion studies that will improve 

workers’ wellbeing. Therefore, we tested criterion validity against 

Actigraph devices. Assessing physical activity and sedentary behaviour is 

based on the presumption that it is valid and practical.  
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5.2 Study 3: Monnaatsie, M., Mielke, I. G., Biddle, S. J. H., Kolbe-

Alexander T. L. Ecological Momentary Assessment of physical activity and 

sedentary behaviour in shift workers and non-shift workers: Validation 

Study. Revisions submitted to Journal of Sports Sciences (Q2 Journal, 

Impact factor: 3.943). 

 

Abstract 

        This study examined the criterion validity of ecological momentary 

assessment (EMA)-reported physical activity and sedentary time 

compared with accelerometry in shift workers and non-shift workers. 

Australian workers (n=102) received prompts through a mobile EMA app 

and wore the Actigraph accelerometer on the right hip for 7-10 days. Five 

EMA prompts per day were sent to participants’ mobile phones assessing 

physical activity and sedentary time, location, and time spent on the 

activity. EMA prompts sent to shift workers (SW-T) were tailored according 

to their work schedule, while prompts to non-shift workers (NSW-S) were 

sent at standardised times. Criterion validity was assessed by determining 

the association of EMA reported activities obtained with the EMA app and 

the Actigraph accelerometer activity counts and number of steps. 

Participants were 36 ±11 years and 58% were female. On occasions 

where participants reported physical activity, the acceleration counts and 

steps were significantly higher (β=1184 CPM, CI 95%: 1034, 1334) and 

(β=20.9 steps, CI 95%: 18.2, 23.6) respectively, than each of the other 

ten EMA activities. Acceleration counts and steps were lower when sitting 
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was reported than when no sitting was reported with EMA survey. The 

association between EMA reported activities and accelerometer data were 

similar between SW-T and NSW-S. Our study showed that EMA-reported 

physical activity and sedentary time was significantly associated with 

accelerometer-derived data and should be considered as the alternative to 

use than traditional self-report measures for the shift work population. 

 

Keywords: accelerometer, ecological momentary assessment (EMA), 

physical activity, sedentary behaviour, shift work 

 

Introduction 

       Shift work involves any work done outside 9am to 5pm during 

weekdays (Costa, 2003). Several systematic reviews indicate that shift 

work is related to increased risk of metabolic syndrome (Sooriyaarachchi 

et al., 2022), cardiovascular diseases, (Torquati et al., 2018) cancers, (Wei 

et al., 2022) type 2 diabetes (Ismail et al., 2021) and other adverse 

health outcomes (Su et al., 2021). Lifestyle behaviours are considered in 

part, to be related to the increased risk of diseases and adverse health 

outcomes in shift workers (Nea et al., 2015).  

 

       Evidence on the impact of shift work on lifestyle behaviours including 

physical activity and sedentary behaviour present mixed results. When 

compared to non-shift workers, studies have reported negative (Mansouri 

et al., 2022), positive (Peplonska et al., 2014) and no influence (Hulsegge 
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et al., 2017; Lauren et al., 2020) on the level of physical activity. 

Similarly, some studies show that sedentary behaviour did not differ 

between shift and non-shift workers, (Alves et al., 2017) while others 

reported its less in shift workers than non-shift workers (Loef et al., 2018; 

Loprinzi, 2015), and more in shift workers in some studies (Mansouri et 

al., 2022). Measurement tools used to assess physical activity and 

sedentary time may contribute to these equivocal results (Loef et al., 

2018).  

 

        Monitoring of physical activity and sedentary behaviour by self-

report measures remains a practical method for research studies 

especially national surveillance systems (Prince et al., 2020). However, 

retrospective self-report measures present recall and social desirability 

biases (Althubaiti, 2016; Cleland et al., 2018). Accelerometers are 

designed to record acceleration and posture and provide a good estimate 

of duration, intensity, and steps, however, they also have limitations 

(Skender et al., 2016). A key challenge remains regarding contexts of 

behaviour and incomplete data limits (Pulsford et al., 2023). Recently, 

more studies are using real-time reporting of behaviours often done with 

the use of smartphones or a web-based application commonly known as 

EMA (Knell et al., 2017).  
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          In comparison to traditional self-report measures (e.g., survey 

recall), EMA eliminates recall bias and provides more contexts of 

movement behaviours that cannot be captured by devices (Knell et al., 

2017). Recently, EMA methods employed smartphone applications to 

signal people to complete surveys to self-report their daily activities 

(Burke & Naylor, 2022). Smartphone EMA surveys provide the flexibility in 

designing data collection and can be customised to individual participants 

(de Vries et al., 2021). Additionally, using smartphones in EMA studies 

provides an opportunity to match timestamped EMA data with device-

based measures of physical activity and sedentary behaviour (Kracht et 

al., 2021). Previous research has demonstrated that EMA is a valid tool for 

monitoring physical activity and sedentary behaviour among adult office 

workers, (Weatherson et al., 2019) and young adults (Pannicke et al., 

2020).  

 

        Despite the practical advantages of using EMA, it has not been 

validated for estimating physical activity and sedentary behaviour in the 

shift work population. Additionally, while EMA has been used and validated 

in adults, no studies have been found comparing physical activity and 

sedentary behaviour in shift and non-shift workers. Measurement tools 

that consider non-standard work patterns of shift workers are required to 

inform the impact of different types of work schedules on their physical 

activity and sedentary behaviours. Therefore, the primary aim of this 

study was to determine the validity of mobile EMA to physical activity and 
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sedentary behaviour. Secondarily, we compared the validity of EMA 

between shift and non-shift workers.  

 

Methods 

Study design  

      This is EMA longitudinal design of full-time workers living in and 

around Brisbane, Australia assessing EMA multiple times. Participants 

were recruited through word of mouth, flyers, and social media posts. 

Most of the shift workers were employed in health care (88%) comprising 

mainly paramedics and nurses doing rotating shifts, while most non-shift 

workers were office workers. Emails that included the information sheet 

were sent inviting participants. Once participants agreed to join the study, 

they were invited to meet with the researcher at the university. This study 

was approved by the University of Southern Queensland human research 

ethics committee.  

 

Data collection 

      The participants signed the consent form and were sent the link to 

download the EMA app and given instructions on how to use the EMA app 

and filled the questionnaire. During the first meeting, participants’ height 

and weight were also measured. The ActiGraph accelerometer and 

instructions on how to wear the device were then given. Shift workers 

were enrolled in the study for 7-10 days to ensure data collected included 

their full shift rotation incorporated day, afternoon, evening, and night 
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shifts, as well as non-workdays. The non-shift workers participated for 7 

days, allowing for measurement of activity during week and weekend days 

(Warren et al., 2010). A second meeting with participants was arranged to 

collect the accelerometers to download data.  

 

Measures 

Questionnaire 

        Demographic information including age, gender, and marital status 

was obtained with a questionnaire. Marital status was coded as living with 

partner (married or living together) or not living with partner (single, 

widowed, separated or divorced). Shift work status was assessed by 

asking participants to indicate their work shifts.  

 

Anthropometric measures 

       Participants’ body weight was measured using a Seca digital scale 

and height with a Seca 213 portable stadiometer (Seca GmbH & Co. 

Germany) (WHO, 1995). Height and weight were used to calculate Body 

Mass Index (BMI) using the standard formula, combining weight and 

height (meters2). Waist circumference (to the nearest 0.5 cm) was 

measured by placing the measuring tape at the level of the last rib (Ross 

et al., 2020).  
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Ecological momentary assessment  

        The SEMA 3 app (Koval et al., 2019) available for iOS and Android 

devices delivered EMA prompts five times a day, at 3-hour intervals. The 

study period for shift workers was 7-10 days and 7 days non-shift 

workers, inclusive of work and non-workdays. Each participant received 

approximately 35-38 prompts depending on their individual length of 

study. Upon receiving the EMA prompt, participants completed the short 

survey on their phones for 1-2 min which disappeared after 30 minutes if 

unanswered.  

 

       The first question asked participants to report their current activity by 

choosing from 11 options provided; “watching television, using mobile 

phone/computer, eating/drinking, exercise or physical activity, work 

duties, socializing, driving/travelling, sleeping and household/garden 

chores, caring for children and other.” When they chose the exercise or 

physical activity option the survey further requested them to report the 

type of physical activity. If participant’s response option of the current 

activity included any activity that can be done sitting like using 

mobile/computer, caring for children, socializing or other, they were then 

asked to report if they were sitting or not. The survey also included 

questions about the location and time spent to do the activity. Survey 

responses were downloaded from the SEMA website in CSV files. The EMA 
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prompting scheduled differed between the shift workers and non-shift 

workers, and were delivered as follows: 

1. SW-T group (n=51): The prompts were set according to each 

participant’s work and awake patterns every 3 hours, five times a 

day 

2. NSW-S (n=51): The prompts were sent to participants between 10 

am and 10pm every 3 hours, five times a day. 

 

Device-based measure of physical activity and sedentary behaviour 

        Actigraph GT3X-BT (Actigraph Corp Pensacola, FL) devices were 

used to measure physical activity and sedentary time. Participants were 

requested to wear the accelerometer on the right hip attached with an 

adjustable belt for a consecutive 7-10 days during waking hours (Morris et 

al., 2018). The Actigraph accelerometer recorded data at 30 Hz and data 

were downloaded in 1-minute epochs (John & Freedson, 2012). The 

accelerometer vector magnitude (counts per minute) and steps per 

minute recorded in the 15 minutes before receiving the EMA prompts were 

time stamped with the corresponding EMA data. EMA responses were 

excluded from if the accelerometer activity values were zero (Maher et al., 

2021).  
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Statistical analysis 

       Descriptive statistics with mean and standard deviations for 

continuous variables and frequencies and percentages for categorical 

variables were reported. Actigraph data were then time matched with 

corresponding EMA data. Box plots were constructed to show the 

variability and correspondence of EMA reported activities with the 

matching accelerometer data. To determine the difference between the 

groups, Kruskal-Wallis test was used for the accelerometer and EMA data.  

We used linear regression analyses to determine association of EMA 

reported physical activity and sedentary time. The dummy coded EMA 

reported activities (ten-level categorical variable) and sitting (yes/no) 

were used as the independent variables, and concurrent counts and steps 

per minute (measured by Actigraph) as the dependent variables. For the 

model testing differences in EMA reported activities, contrasts were 

examined between the sleeping as the lowest intensity activity with the 

other EMA-reported activities (mobile/computer, watching TV, work duties, 

caring for children, socialising, chores, physical activity, others, 

eating/drinking and travelling and drinking). We regressed EMA reported 

siting versus no sitting with accelerometer derived data. Analyses were 

performed using IBM SPSS Statistics version 27.0. 
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Results 

Participant characteristics  

        Most participants were female (58%), living with partner (60%) and 

overweight (27.9 kg/m2±5.7). The average age of participants was 36 

years (± 10.6). There were no demographic differences between shift and 

non-shift workers. Most of the shift workers employed in health care 

(88%) comprising of mainly paramedics and nurses doing rotating shifts 

while most of non-shift workers were office workers. 

 

Accelerometer-based summaries 

       The average wear time was 6 days (± 1.7) in all workers and similar 

in shift and non-shift workers. Light-intensity physical activity was 

different (p=0.04), whereas time spent in sedentary behaviour and 

moderate-to-vigorous intensity physical activity was similar in shift and 

non-shift workers (Supplementary Table C.1.).  

 

Validity of EMA  

        Out of the 2917 completed EMA prompts, 2318 EMA prompts were 

time matched with accelerometer data. As shown in Figure 5.1 and 5.2, 

accelerometer activity counts and steps were highest in the two groups 

when physical activity was reported in the EMA app. In addition, the 

ActiGraph activity counts were lower when sitting was reported. The 

median acceleration activity counts for EMA-reported physical activity in 

the SW-T group and NSW-S were 636 (25th-75th: 80-1279) and 1004 
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(25th-75th: 447-2365) respectively. The steps were also higher in EMA 

reported physical activity than all other activities in the two groups with 

the median of 9.4 (25th-75th: 0.0-19.6) in SW-T and 16.3 (25th-75th: 4.1-

25.1) in NSW-S.  

 

       EMA reported sleep and using mobile/computer shows the least 

activity counts in both the groups (see Figure 5.1 and 5.2). Another 

activity that showed low acceleration counts than other EMA reported 

activities was watching television. The median acceleration counts and 

steps were lowest when participants reported that they were sitting 

(Figure 5.3 and 5.4). In the SW-T, the median acceleration counts were 

202 (25th-75th: 10.8-480) and 97 (25th-75th: 6.4-357) in the NSW-S group 

when sitting was reported. Similarly, the steps were lower with EMA 

reported sitting than not sitting.   
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        The Actigraph derived acceleration counts differed between all the 

EMA reported activities and the reference activity (sleep) except for 

watching TV and using mobile/computer with the shift work (SW-T) and 

non-shift workers (NSW-S). On occasions where participants reported 

physical activity, the corresponding acceleration was highest in NSW-S 

(B=1405 CPM, 95%: 1179.7, 1630.5) and (B=775.7 CPM, 95%: 546.7, 

1004.6) in SW-T (Table 5.1).   

 

        Comparisons of the corresponding Actigraph derived steps with EMA 

reported activities and EMA reported sleep (reference activity) showed 

significant differences with the eight EMA reported activities (socialising, 

eating/drinking, travelling, other, caring for children, work duties, chores, 

and physical activity) with both the SW-T group and NSW-S.  

 

         The steps were significantly higher than sleep with EMA reported 

physical activity, chores work duties and travelling/driving in the NSW-S, 

and with seven EMA reported activities including physical activity in the 

SW-T (Table 5.1). Accelerometer derived accelerations and steps were 

significantly higher when participants reported no sitting with EMA than 

sitting (Table 5.1). There were no differences in association between EMA 

acceleration counts and steps between the SW-T and NSW-S 

(Supplementary table C.2).  
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Discussion 

       The study aimed to evaluate mobile EMA application for assessing 

physical activity and sedentary time in shift and non-shift workers. The 

main finding of our study was that EMA reported physical activity and 

sitting were strongly associated with accelerometer-derived data, thus 

supporting criterion validity. Compared to other EMA reported activities, 

high acceleration counts, and steps were higher with EMA reported 

physical activity. Similarly, acceleration counts and steps were lower when 

participants reported that they were sitting. There were differences in the 

association of EMA and Actigraph device data between shift and non-shift 

workers. Other important findings were that EMA reported chores also 

corresponded with more acceleration counts and steps, while sleep, 

watching television, and using a mobile phone or computer corresponded 

with the lowest steps and acceleration counts. 

  

        Collectively, these findings indicate that participants accurately 

reported their current activity on EMA surveys. Similar to previous EMA 

studies investigating the validity of EMA against Actigraph assessing 

physical activity and sedentary time was sufficiently associated with 

accelerometer data (Maher et al., 2018; Maher et al., 2021; Ponnada et 

al., 2021). However, Ponnada and colleagues used a smartwatch to send 

72 prompts each day for a week (Ponnada et al., 2021). Like our study, 

five prompts per day were sent to participants (Weatherson et al., 2019). 

Whereas other studies used six prompts per day for 10 days (Maher et 



 

 

 

119 

al., 2018) and eight prompts in a 4-day EMA protocol (Dunton et al., 

2012). While all these studies showed good validity, the EMA protocols 

differed. Therefore, it is important to standardize EMA reporting in future 

studies for comparability and measurement in EMA studies.  

 

         Similar to our study, the Actigraph accelerometer was used for 

device based physical activity (Bruening et al., 2016). Actigraph 

accelerometer is one of the most commonly used activity monitors that 

assessed physical activity and sedentary time across various populations 

(Degroote et al., 2018; Ngueleu et al., 2022). The Actigraph 

accelerometer has been found to be valid (Chomistek et al., 2017; Kelly 

et al., 2013), and shows a strong association with EMA reported physical 

and sedentary behaviours, therefore, EMA could be used as a cheaper 

alternative to accelerometry. In a study where accelerometer estimates of 

physical activity and sedentary behaviour were compared with other self-

report measures (IPAQ and BRFSS), the EMA measure showed stronger 

correlations and agreement to accelerometer estimates than IPAQ and 

BRFSS (Knell et al., 2017). 

 

        Concerning sitting, our study findings are consistent with the 

findings of previous studies where participants accurately reported sitting 

behaviours (Dunton et al., 2011; Romanzini et al., 2019). In an EMA 

study of office workers aged 40 years, activPAL accelerometer-derived 

data was shown to have good agreement with EMA reported sedentary 
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time (Weatherson et al., 2019). Despite using a different criterion 

instrument (activPAL) for measuring sedentary behaviour, like our study, 

Weatherson and colleagues had accelerometer data time stamped in the 

15 minutes before the EMA prompt. Thus, both studies showed that EMA 

is valid in assessing sedentary time. However, the activPAL has better 

agreement compared to direct observation for sedentary behaviour 

(Koster et al., 2016). Therefore, our results for the validity of EMA in 

assessing sedentary behaviour should be interpreted with caution.  

 

        In our study, we did not distinguish EMA physical activity by levels 

of intensity. In a study where physical activity intensity was reported, 

EMA survey did not correspond to the intensity of physical activity in 

college students (Bruening et al., 2016). Brueining and colleagues 

concluded that social desirability and/or perception biases may be at play 

with these results, but other factors like participant’s fitness level could 

affect perception of intensity levels (Bruening et al., 2016). Like the 

results of the previous EMA study, our results from ActiGraph data 

showed that shift workers spent more time in light physical activity than 

non-shift workers, but no differences were recorded in MVPA (Loef et al., 

2018; Prince et al., 2019). Future EMA studies for workers should 

consider including EMA reported physical activity intensity of participants 

to specify if workers are sufficiently active.  
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         Previous evidence suggests that EMA is a helpful tool to adapt to 

shift worker’s schedules (de Vries et al., 2021). Our results suggest that 

there were no differences in EMA validity between shift and non-shift 

workers. Thus, showing that tailoring EMA did not influence the validity. 

However, the agreement with the criterion, Actigraph was strong. The 

similarity may emerge because both shift and non-shift workers may have 

accurately reported their activities on the EMA survey, thus EMA-reported 

activities sufficiently associated with device data in the two groups. The 

use of a mobile app allowed for ease of testing the feasibility and the 

results showed that compliance can be improved, especially if prompts 

are reduced to only four per day and providing reminders when prompts 

are unanswered.  

 

        In contrast to our study, EMA tailored to meal timing increased the 

correspondence of EMA and device measure for energy and nutrient 

measures (Martin et al., 2012). However, we did not find any other study 

to compare the findings with our study as most EMA studies assessing 

physical activity and sedentary behaviours in workers did not adapt EMA 

to work schedules. For example, in a study using EMA in a workplace 

intervention, the EMA surveys were sent across the five working days and 

not on weekend days (Weatherson et al., 2019). 
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         While it was not the focus of this study, the EMA survey was able to 

report additional activities, including socialising, taking care of children, 

and travelling. Therefore, showing the ability of EMA surveys to monitor 

types of activities that are important to elucidate the health risks 

associated with various activities on work and non-workdays. This study 

provides evidence supporting EMA as a valid measure of physical activity 

and sedentary behaviour in shift workers, therefore could be used in 

workplace health promotion interventions. 

  

Strengths 

        Our study provided intensive longitudinal datasets near or in real-

time, minimizing retrospective bias. After time-matching accelerometer 

and EMA data substantial data points were available. Most previous 

studies evaluating the validity of EMA did not tailor EMA prompts to 

individual participants work schedules as was done in our study. In our 

study we adapted the timing of EMA surveys in accordance to shift 

workers work and shift patterns. Thus, allowing for flexibility and highly 

adaptable measurements using EMA in the shift work population was 

sufficient.  

 

Limitations 

         One of the limitations of this study was that we matched 

accelerometer data with EMA before a prompt, thus we could not 

determine if responding to EMA disrupts activities. Determining the use of 
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EMA to influence activities could be used for intervention studies in order 

nudge or change movement related behaviours. Additionally, the EMA 

survey prompts set from 10 a.m. to 10 p.m. could have resulted missing 

physical activity and sedentary behaviour early morning and late night in 

non-shift work and shift workers who received standardized prompts.  

 

Conclusion 

        The aim of the study was to assess validity of EMA for assessing 

physical activity and sedentary behaviour in workers. The findings of this 

study showed that EMA-reported physical activity and sedentary 

behaviour was accurately associated with accelerometer-derived data in 

shift and non-shift workers. Using mobile EMA opens opportunities for 

reaching a large number of participants at a relatively low cost. The 

findings of the study showed that an EMA tailoring approach was possible 

and can be integrated into intervention studies to provide tailored 

feedback and support in real-time and in a real-world setting.  

 

5.3 Implications and contribution to the advancement of the 

research area         

         EMA provides a valid and cheaper alternative measure of physical 

activity and sedentary compared to other wearable devices and can be 

used in both surveillance and health promotion studies to provide real-

time support. Physical activity and sedentary behaviour assessed with 

EMA in worker’s naturalistic settings and in real time could be useful to 
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evaluate work related determinants. Consequently, EMA may be used 

investigate psychological drivers and work factors associations with 

lifestyle behaviours, which in turn can better inform public health and 

policymakers on strategies to promote physical activity and reduce 

sedentary behaviours (Markus Reichert et al., 2020). For example if we 

need to understand why a person engages in physical activity at a certain 

time of the day or in a certain context a promising approach will be use of 

EMA (Reichert et al., 2020). 

 

       The findings from study 2a and 2b highlight the feasibility and 

validity of EMA using mobile phones, therefore presenting a possible 

intervention tool to be considered in health promotion for shift workers. 

Moreover, identifying the barriers and facilitators for improving physical 

activity will help to lay the groundwork in understanding work factors and 

participants’ experiences about health promotion to shift workers in a 

mining company. 
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CHAPTER 6: PAPER 5 - EFFICACY OF A TEXT MESSAGING 

INTERVENTION TO IMPROVE PHYSICAL ACTIVITY IN MINING 

SHIFT WORKERS: PILOT STUDY  

 

6.1 Introduction 

      The results of study one (chapter 3) highlighted the need for physical 

activity interventions, as only 41% of shift workers were sufficiently 

active (Monnaatsie et al., 2021). Mobile health (mHealth) provides diverse 

methods and approaches for workplace health promotion. Findings from 

our EMA studies showed that EMA is feasible and valid measure of 

physical activity and sedentary behaviours in workers. These findings 

reinforced the idea of using EMA in the intervention study, as a reliable 

and practical self-reporting measure.  

 

        This chapter reports the efficacy of an intervention designed to 

increase physical activity in a 24-day period during workdays and non-

workdays in shift workers at a mining company. The results of the study 

will provide preliminary evidence on a physical activity intervention and 

the role of the intervention in improving shift workers health and 

wellbeing. In addition, there is little exploration of appropriate 

interventions to improve workers' wellbeing, especially in Sub-Saharan 

Africa (Ledikwe et al., 2019). However, the increase of NCDs in Botswana, 

as in many LMICs, has been attributed to the changing lifestyles and 
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urbanisation (Keetile et al., 2020). Given that the NCDs are now common 

in Botswana, it is important to develop and plan health promotion 

programs, especially in the workplace as most working adults spend more 

than half of their time in this context (Mulchandani et al., 2019). 
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6.2 Paper 5: Monnaatsie, M., Biddle, S. J. H., Kolbe-Alexander, T. L. 

Efficacy of a text messaging intervention to improve physical activity in 

shift workers: pilot study. To be submitted to Journal of Physical Activity 

and Health, Q2; Journal Impact Factor 3.0. 

 
Abstract  
 

        Previous research has shown that workplace health promotion 

programs (WHPPs) can increase employees’ habitual physical activity 

levels. We investigated the efficacy of a text messaging workplace health 

promotion program to increase physical activity for shift workers. Shift 

workers at a mining company (n=51) recruited from three departments 

were allocated to intervention and comparison groups. All participants 

completed GPAQ, PSQI, and WHO-5 questionnaires and wore the activPAL 

device for 11-14 days during the first and second shift cycles (24 days 

each). Intervention participants received feedback on their physical 

activity, had an action planning session, and received text messages and 

EMA prompts to encourage PA. The comparison group received generic 

information on the benefits of healthy behaviours. After completing the 

program, the intervention and comparison group participants received mi 

fitness band as an incentive. The primary outcome was the time spent 

walking with a cadence ≥100 steps/min (equivalent to MVPA). Average 

MVPA increased in the intervention group on all days and non-workdays. 

We found no significant changes in the overall number of steps, standing, 

sitting, and lying time or quality of life and sleep in both groups. Since 

there were no improvements in physical activity during some workdays, it 

may be necessary to consider collaborating with workers to discover 

work-related factors when designing physical activity interventions in the 

workplace. 

 

Keywords: shift work, physical activity, EMA, text-messaging, Workplace 

health promotion program, intervention
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Introduction 

       Shift work researchers need to cater for all the shift schedules and 

patterns as they can impact lifestyle behaviours differently. For example, 

in a study involving night and non-night work patterns, participants were 

less physically active during the night-shift session than the non-night-

shift session because of limited leisure activities (van de Langenberg et 

al., 2019).  

 

       In addition to considering work schedules and factors, there is 

support for the use of theories and implementing behaviour change 

techniques in promoting physical activity behaviour (McDermott et al., 

2016). We used the COM-B framework which encompasses the 

components of capability (C), opportunity (O), and motivation (M) to 

guide text messaging development that, in turn, influences behaviour (B). 

The COM-B framework lies in the centre of the Behaviour Change Wheel 

(BCW) and has been used in intervention studies to guide and create a 

change in behaviour (Munir et al., 2018). The COM-B model can be used 

on creation of text messages to motivate change in behaviour.  

 

       Mobile phones offer new approaches for measuring and promoting 

walking and health behaviours (Sullivan & Lachman, 2017; Zhao et al., 

2016). Using brief text messages delivered through personal smartphones 

were effective for improving health outcomes (Burns et al., 2020). Mobile 
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phones can also allow for self-reporting of behaviour in real time, often 

referred to as EMA. Using EMA in interventions showed that improving 

health behaviours including physical activity (Cruciani et al., 2017), 

sedentary behaviour (Müller et al., 2017), diet and sleep is possible 

(Pulantara et al., 2018). With the use of mobile phones, the ability to 

adapt the intervention to work schedules is also possible (Nahum-Shani et 

al., 2018; Neil-Sztramko et al., 2017). In the study by Van Drongelen et 

al. (2014) in which a control group received general information regarding 

fatigue and health behaviours, tailoring information to work schedules 

was suggested.  

 

        Health promotion programs targeting physical activity often have 

limited shift work representation (Flahr et al., 2018; Lassen et al., 2018). 

Because of the increasing prevalence of shift work worldwide, WHPPs for 

shift workers are needed. While there has been significant efforts in 

promoting health and physical activity for shift workers, interventions are 

rarely investigated in different shift schedules. For example, in a 20-week 

intervention, healthcare workers who were engaged in shift work, 

appeared to be more responsive to interventions than non-shift workers 

(Cheng et al.,2022). They concluded that shift workers should be a 

priority group for workplace health promotion with work status and 

schedules considered (Cheng et al., 2022). The results of a systematic 

review and meta-analysis of non-pharmacological interventions to 

improve chronic diseases in shift workers reported that all the studies 
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included were conducted within healthcare populations (Crowther et al., 

2021). Therefore, the need to consider shift workers from other 

occupations, to identify specific worker populations respond to 

interventions. In addition, there is little exploration on appropriate 

interventions to improve workers' wellbeing especially in Sub-Saharan 

Africa (Keetile et al., 2020). Investigating the efficacy of physical activity 

interventions with respect to shift schedules, is therefore essential for 

shift workers in low-and-middle income countries and other industries 

other than healthcare.   

 

       The aim of this study was to investigate the efficacy of a text 

messaging health promotion program to improve physical activity in shift 

workers in a mining company. We hypothesised that moderate to vigorous 

intensity physical activity steps (using step cadence of more than 100 

steps/min as a proxy measure) would increase for those in the 

intervention group, while there would be no changes in the comparison 

group. We also hypothesised that the total number of steps would be 

increased. Moreover, the intervention should reduce sitting time, and 

improve sleep and quality of life. 
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Methods 

Participants and Recruitment          

          Shift workers who met the following inclusion criteria were invited 

to participate; at least 18 years old, working as a full-time shift worker, 

able to communicate in English, owning a smartphone and willing to 

download the EMA application, and no history medical diagnosis that 

might pose health risk due to increased physical activity. A total of 51 

shift workers employed at a mining company in Botswana were recruited 

via email invitations, presentations at staff meetings, posters at the 

workplace and snowball sampling  

 

        Shift workers in the mine hospital, mine processing, and mine pit 

departments doing similar shift rotation schedules were invited to 

participate. The shift cycle comprised of three schedules, 6 days each of a 

morning, afternoon and night (in that order) with two non-workdays 

between each pattern, resulting in a 24-day shift cycle (Figure 6.1). 
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outcome measure was moderate-to-vigorous physical activity (MVPA) 

steps, equivalent of to a walking cadence of ≥ 100 steps/min (Tudor-

Locke & Rowe, 2012). Other variables from the activPAL were number of 

steps/days, mean sedentary time, standing and lying time. Valid wear 

time was defined by a minimum of 10 hours per day (King et al., 2011). 

For each variable, daily averages were calculated across all valid days, as 

well as for the three shift schedules (morning, afternoon, and night) and 

non-workdays. 

 

        Self-reported physical activity  

        The Global Physical Activity Questionnaire (GPAQ) was used to 

measure physical activity at baseline (Bull et al., 2009). The GPAQ 

consists of 16 questions designed to estimate an individual’s level of 

physical activity in 3 domains (work, transport, and leisure time) and time 

spent in sedentary behaviour (Bull et al., 2009). While the GPAQ was 

initially developed as a surveillance tool, to be used for evaluation both at 

local and international level, its use in behaviour interventions is gaining 

popularity (Cleland et al., 2014). The GPAQ evaluated time in MVPA at 

baseline.  

 

        Sleep quality 

        Pittsburgh Sleep Quality Index (PSQI) assessed sleep at baseline 

and post-intervention.  The PSQI measures sleep quality during the 

previous month quality index consists of 19 items and seven components 
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(subjective sleep quality, sleep latency, sleep duration, habitual sleep 

efficiency, sleep disturbances, use of sleeping medication, and daytime 

dysfunction with scores ranging from zero to 21 (Buysse et al., 1989). 

The overall score of sleep quality score ranges from 0 to 21, a score >5 is 

indicative of poor sleep (Moghaddam et al., 2012).  

 

        Mental health and quality of life 

        The World Health Organisation’s well-being index (WHO-5) scale 

(Topp et al., 2015) assessed quality of life and psychological well-being. 

The WHO-5 consists of five positively worded items reflecting present 

mental well-being within the previous two weeks. The items rated on a 6-

point Likert scale, ranged from 0 ‘at no time” to 5 “all the time (e.g., 

“Over the last two weeks I have felt cheerful and in good spirits”) (Krieger 

et al., 2014). Scores were from all the components were summated, with 

a raw score ranging from 0 to 25. A score of 0 represents the worst 

possible well-being, while a score of 25 represents the best possible well-

being (Volinn, 2007).  

 

       EMA survey 

       EMA survey prompted participants to report physical activity, location 

and total time spent in physical activity during the intervention (Burke et 

al., 2017). The EMA survey began with: “Did you do any physical activity 

for at least 10 min at least one time today? Response options will include 

“yes”, “no” and “do not know/prefer not to answer”. If the participant 
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indicated that they have done some physical activity, the next question 

was: How long did it last? Response options included “10–20 min”, “20–

30 min”, “30–40 min”, “40–50 min”, “More than 60 min” and “Do not 

know/Prefer not to answer”. The EMA compliance rate and the association 

of EMA reporting and physical activity changes were reported. EMA was 

used to report physical activity during the intervention. The EMA survey 

prompts were delivered once per day for the 24 days. The timing of the 

EMA prompts for the days on which text messages were delivered, was 

set as one hour after the text message was sent. The EMA survey expired 

after an hour of non-response.  

 

Intervention group 

        One-on-one meeting 

        The intervention was conducted during the second 24-day shift 

cycle. Participants in the intervention group took in part in a one-on-one 

meeting with the researcher. The 5A’s action planning framework was 

followed during the meeting. For action planning during the meeting, we 

used the 5As (Ask, Assess, Advise, Assist, and Arrange) to guide 

discussion. Participants received feedback, and guidance to set goals and 

identify possible barriers to engaging in physical activity (Carroll, 

Antognoli & Flocke, 2011). At the end of the meeting, the times to send 

text messages and EMA prompts were agreed upon by the researcher and 

individual participants. Following action planning, participants were sent a 

link to download the EMA application.  
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      Text messages 

       Each participant received five text messages per week (one per day) 

during the second shift cycle of 24 days for 15 days only (see Figure 1). 

The COM-B components of capability and opportunity were used to 

develop text messages to motivate improvement in physical activity 

(Michie et al., 2011). For example, a text message targeted at increasing 

psychological capability would be: “Why not aim for a morning walk 

before your afternoon shift? A 30-minute walk is about 3500 steps!” An 

example of social opportunity message was: “Today is a great day for a 

jog! Have you tried suggesting an afternoon jog/run to a friend or family 

member?”  

 

        Incentive 

       At the end of the program participants received the Mi fitness band 

(Xiaomi band 5) (Concheiro-Moscoso et al., 2021) as an incentive. The Mi 

fitness band measures number of steps and biomedical parameters 

including heart rate and sleep. It uses age, height, weight, and gender in 

the native Mi Fit application to calculate the activity (Concheiro-Moscoso 

et al., 2021). The fitness band was given to participants to monitor and 

improve physical activity beyond the intervention study. 

 

 

 



 

 

 

146 

Comparison group 

       Following the baseline measures, participants in the comparison 

group received generic advice on the guidelines and benefits of physical 

activity. They did not receive any text messages or EMA prompts. The 

comparison group participants also received the Mi fitness band at the 

end of the program.  

 

Study procedure 

       The study procedure is described in detail elsewhere in the thesis 

chapter 7 (Monnaatsie et al., 2023). Workers were allocated (1:1) to the 

intervention and comparison groups stratified by department and the 

current shift schedule. In order to avoid contamination, workers who 

started the program with similar shift schedules and in the same 

department were allocated to the same group (Robinson et al., 2020).  

 

        Measures were taken at baseline during the first cycle and at follow-

up (second shift cycle). The activPAL accelerometer was worn for 11-14 

days during the first cycle, and 11-14 days in last shift cycle in the same 

pattern; three to four days of activPAL wear from the three shift 

schedules and two non-workdays. Online questionnaires, including the 

demographic questions, Global Physical Activity Questionnaire (GPAQ), 

Pittsburgh Sleep Quality Index (PSQI) and World Health Organisation’s 
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well-being index (WHO-5) scale were also completed at baseline and 

follow-up. 

 

        Figure 6.2 shows an overview of study enrolment and participation 

in the intervention and comparison groups. Of the 71 workers interested 

in participating, 60 were eligible and completed baseline measures. The 

remaining individuals were excluded if they did not complete the baseline 

measurements or changed to traditional day time shifts. Of the 60 

workers enrolled, 9 did not complete follow up measures resulting in 51 

workers (see Figure 6.2) 
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Ethical Considerations 

       The study was approved by the Ethics Committee of University of 

Southern Queensland (H22REA021). All participants provided written 

informed consent before data collection.  

 

Data analysis 

        Demographic and baseline characteristics with continuous variables 

are expressed as means (±SD), median (25th, 75th percentiles), and 

categorical variables as proportions (%). We used paired t-test for normal 

distributed data and Wilcoxon-Mann-Whitney test for non-normal data to 

determine differences between baseline and follow up (Duan et al., 2020). 

Repeated measures Analysis of Variance (ANOVA) (Group X Time) were 

performed for the primary and secondary outcomes. Covariates were age, 

gender, and the work department. Spearman correlations was used to 

test association between EMA response rate and the primary outcome (De 

Winter et al., 2016). All outcome measures were reported by all the shift 

schedules and non-workdays (Moyer et al., 2022). Statistical analysis was 

performed using IBM Statistical Package for Social Sciences (SPSS), 

version 27. The alpha level indicating statistical significance was accepted 

at p< 0.05.  

 

        The sample size required for analysis based on increasing the 

number of steps by 1200 per day given 80% power significance level of 

0.05, effect size (Cohen’s f) of 0.50 was 27 per group (intervention and 
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control) (Martin et al., 2015; Lee et al., 2019). Therefore, our projected 

sample size was 70 participants (35 per group), allowing for a drop-out 

rate of up to 20% based on previous studies (Aittasalo et al., 2012; 

Mathew et al., 2019).   

 

Results  

 

Participant Characteristics 

       Table 6.1 presents demographic characteristics of the workers at the 

mining company. Participants from three departments with a larger 

proportion as the mine hospital shift workers (n=24) and a smaller 

proportion form the mine pit (n=11) were targeted. The mean age of 

participants included in the data analysis (n=51) was 39 years (SD= 5.4), 

and mean Body Mass Index was 26.2 kg/m2 (SD=5.8). There were no 

differences in demographic characteristics between the two groups.  The 

average time spent in MVPA was 10 min/per day, and it did not differ 

between the intervention and comparison groups. At baseline workers 

accumulated an average of 9173 (95% CI 7871, 10501) steps, only 1311 

(95% CI 894, 1817) MVPA steps and 455 (95% CI 414, 495) minutes  

was spent sitting. 
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Figure 6.5 Device-based changes in total steps  

 

Effects on the minutes of sitting  

     The mean differences of sitting time among the intervention and 

comparison groups are presented in Table 6.3. There were no significant 

differences in the sitting, but there were some reductions observed in 

sitting time in intervention group on day, afternoon, afternoon shifts non-

workdays and all days, but not during night shift. Similarly, sitting time 

was slightly reduced in the comparison group on day, afternoon shifts, 

and on non-workdays (Figure 6.6).  
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Figure 6.6 Device-based changes on sitting time 

 

Effect on standing and lying down 

         No significant differences were observed in standing and lying time 

in the intervention group, compared to the comparison both within and 

between the groups. 

 

Ecological Momentary Assessment 

         On average, participants responded to 59% of the EMA prompts. 

The EMA response rate was highest in day 2 (87%) of the 24-day 

intervention period. However, the EMA responses did not differ by days. 

Moreover, the EMA compliance rate was unrelated to the change in MVPA 

(r=-0.17; p=0.46). 
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Figure 6.7 EMA compliance rate during the intervention period 

 

Effects on total sleep quality and quality of life 

      Participants’ quality of life and sleep quality are compared both within 

and between groups in Table 6.4. No significant changes were observed in 

overall quality of life and sleep quality within and between both the 

intervention and comparison groups.  
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Discussion 

       This study aimed to test the efficacy of a text-messaging workplace 

health promotion program targeting physical activity in shift workers. The 

MVPA steps (cadence ≥100 steps/min) were increased in all workdays 

combined, morning/day shift and nonwork days for the intervention 

group. However, MVPA steps remained unchanged during other shift 

schedules (afternoon and night). The other findings include no changes in 

total number of steps, sitting, and standing in both intervention and 

comparison group.  

 

       Our study showed that a text-messaging intervention during one 

shift cycle resulted significant increases in time spent in MVPA mainly 

during non-workdays. The findings are consistent with the results of 

studies showing changes in physical activity during non-workdays in shift 

working drivers (Clemes et al., 2022; Yeongmi Ha et al., 2022; Rapisarda 

et al., 2021; Viester et al., 2018). We observed some increase in the 

number steps with moderate-to-vigorous intensity during the 

day/morning shift, but there were no changes in time spent in MVPA 

during morning, afternoon, and night shifts. The morning or day shift 

started at 7 am and ended at 3 pm. As such, more daytime remaining for 

engaging in physical activity after work. These findings are important 

given that shift work has been predicted to reduce opportunities for 

physical activities (Atkinson et al., 2008).  
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       Moreover, the action planning time was used to identify the times 

that workers indicated that there might find time to be active. For 

example, for afternoon and night shifts text messages were sent before 

work.  However, while not shown in our study it might be the desire to do 

physical activity might be higher in the evening than in the morning or 

before work. In a recent study involving US population, using EMA to 

assess motivations for physical activity showed the least excitement to 

engage in physical activity in the morning (Crosley-Lyons et al., 2023). 

Therefore, physical activity intervention programs performed during work 

hours maybe beneficial when planned in the afternoon or evening. 

 

       Our findings showed that participants accumulated high levels of 

steps during baseline. Continuous and long periods of stepping with no 

rest at work may result in fatigue thus less improvement in physical 

activity during workdays (Oakman et al., 2019). In our process evaluation 

results (chapter 7), work related fatigue was reported as one of the 

barriers to improve physical activity (Monnaatsie et al., 2023). Like the 

results of a study investigating lifestyle behaviours and workplace health 

across a range of shift workers (Nea et al., 2017). Participants reported 

that factors like insufficient breaks and high workload resulting in fatigue 

influenced unhealthy behaviours (Nea et al., 2017).  
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       The mining industry present unique occupational factors associated 

with long work hours. In a study of 204 employees from the dairy 

industry, a four-month resistance exercise program improved 

musculoskeletal symptoms and fatigue (Santos et al., 2020). Perhaps a 

resistance training physical activity intervention aimed at workers who 

experience work-related fatigue may benefit more from physical activity. 

The effectiveness of resistance exercise programs for fatigue has been 

shown (Santos et al., 2020). In addition, implementing work breaks to 

reduce fatigue may result in improvement in engaging in physical activity 

programs in shift workers.  

 

        Most participants in our study were nurses, followed by diamond-

processing mine workers. The occupational tasks of these workers 

required long periods of standing and walking (Bezzina et al., 2021). This 

was shown in our device data showing significant steps and standing 

hours spent at work. The recent physical activity guidelines encourage 

adults to increase physical activity all domains (Bull et al., 2020), 

however, disputed evidence on the benefits of occupational physical in 

improving health and wellbeing, known as ‘physical activity paradox’, is 

increasing. Epidemiological data shows that high occupational physical 

activity is associated with increased risk for diseases and adverse health 

effects (Holtermann et al., 2018; Quinn et al., 2021). Thus, while high 

total steps were recorded in shift workers in our study, the moderate-

intensity were lower. Proving that the shift workers did not meet physical 
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activity guidelines at baseline. In the study by Chastin et al., the dose-

response associations between time spent in physical activity and all-

cause mortality was strongest for MVPA (Chastin et al., 2021). Thus 

MVPA, is associated with great health benefits, than light physical activity 

(Powell et al., 2018). Therefore, shift workers may benefit from improving 

MVPA, as more health benefits and lower mortality risks are gained.  

 

       In our study, we saw the benefits of assessing behaviours in 

changing schedule of shift-workers, showing more significant changes 

during non-workdays. The comparison of physical activity changes by 

shift schedules provided a deeper understanding of occupational physical 

activity across all shift schedules and non-workdays. Thus, it is important 

to assess physical activity during work and non-workdays and in the shift 

working population by different shift patterns. These findings are 

important given that shift work has been predicted to reduce 

opportunities for physical activities. As such, for shift workers in a mining 

set up with three shift types (morning/day, evening, and night), 

intervention to increase physical activity may be beneficial planned during 

non-workdays and after morning shifts. 

 

       The time spent sitting, standing, and sleeping did not change in both 

the intervention and comparison groups. Participants received feedback 

on their time spent sitting, standing and sleep. A possible reason that 

these measures showed no change could be due to including only physical 
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activity motivation in the text messages. There is growing evidence that 

shows that physical activity, sleep, and sedentary behaviour are 

interrelated over the course of 24 hours (Clarke & Janssen, 2021). A 

multicomponent intervention targeting improving all the behaviours 

together may be useful to improve overall physical and mental health for 

shift workers. 

 

       No changes in self-reported outcomes of sleep, mental health, and 

quality of life. Similar to our study, no significant differences were found 

in self-reported health markers of US workers in multiple worksites 

enrolled in a workplace wellness program (Song & Baicker, 2021). In the 

present study, the intervention group participated in an action planning 

and self-monitoring using a mobile app. Using EMA app for self-reporting 

did not influence physical activity in our study. Our results suggest that 

using text messaging with EMA may have increased participant burden. 

Significant improvements in the behavioural and health outcomes were 

shown by Schoeppe et al. when self-monitoring and performance 

feedback in the application design were included (Schoeppe et al., 2016).  

 

       One of the strengths our study is use of mobile technology, which is 

increasingly becoming accessible to many individuals. Mobile phones allow 

for real time support and feedback to users (Schoeppe et al., 2016). 

However, we did not find any evidence related to using both EMA and 

text-messaging in the intervention together. However, evidence suggests 
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that EMA is beneficial for real-time support to improve healthy behaviour 

and can be adapted to shift schedules. Future studies should consider 

using EMA as a nudging tool (Dao et al., 2021). 

 

       Our analytical sample was below the number we pre-set to achieve 

change in MVPA; however, it was only short by five participants after 

dropouts. It would be beneficial to conduct the study with more 

participants, however, the results are encouraging as there were some 

improvements even with a smaller sample size. The other limitation is 

that we used activPAL to assess physical activity instead of Actigraph 

device. The activPAL has high reliability and validity for sedentary 

behaviour estimates rather than physical activity (Kim & Kang, 2019; 

Koster et al., 2016). It can classify behaviour into time spent sitting/lying, 

standing, and walking (Chastin et al., 2018). However, because it can 

detect the cadence of walking, we used it to assess MVPA steps. The 

intervention resulted in a few changes even with only 24 days. 

Intervention studies targeting physical activity for mining shift workers 

should consider more than one shift cycle for more benefits. 

 

Conclusions 

       The workplace health promotion was effective in improving physical 

activity during the morning shift and non-workdays. Shift work health 

promotion studies should consider including physical activity programs 

during non-workdays due to more time available on non-workdays and 
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less fatigue. We found no improvements in other health behaviours. The 

program offers potential to be adapted to improve physical activity in shift 

workers in a mining company. Further research should continue to 

investigate innovative interventions targeting healthy behaviours in shift 

workers to improve their physical and mental health. Shift workers in a 

mining company may benefit from health promotion programs during 

day/morning shifts and on non-workdays.  
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CHAPTER 7: THE FEASIBILITY OF A TEXT-MESSAGING 

INTERVENTION PROMOTING PHYSICAL ACTIVITY IN SHIFT 

WORKERS: A PROCESS EVALUATION 

 

7.1 Introduction 

      The ubiquity of mobile phones offers a convenient and relatively 

inexpensive way to access adults (Willoughby & Brickman, 2021). Text-

messaging interventions have been used in several intervention studies 

such improving physical activity (Foccardi et al., 2021) and reduction in 

sedentary behaviour (Castro et al., 2021). Similarly, EMA have emerged 

as a popular methodology in the physical activity research that uses 

mobile technology. There is growing evidence to support the potential of 

ecological momentary intervention (EMI) approaches. EMA facilitates 

tailoring (i.e., personalizing) support to participants’ needs in real time in 

health promotion programs, especially shift workers with atypical work 

schedules. The RE-AIM framework provided a guide to assess the study 

process. 

  

         In order to help understand whether a workplace health promotion 

program was implemented as planned, process evaluations are necessary. 

This is important specifically to understanding the intervention process 

and implementation to provide the context to the research findings for 

translation into real world. Using a mixed methods approach and RE-AIM 
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framework, this chapter highlights the process evaluation of a text-

messaging health promotion intervention for mining shift workers during 

a 24-day shift cycle. However, the efficacy of the intervention is the focus 

of Chapter 6 and thus not included in this chapter. 

 

7.2 Paper 4: Monnaatsie, M., Biddle, S. J. H., Kolbe-Alexander T. 

(2023) The feasibility of a text-messaging intervention promoting physical 

activity in shift workers: a process evaluation. International Journal of 

Environmental Research and Public Health, 20(4), 3260. 

doi.org/10.3390/ijerph20043260  
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7.3 Implications and contribution to the advancement of the 

research area 

 

       This study provide good insights about the experiences of shift 

workers who took part in the intervention. The use of RE-AIM framework 

provided a comprehensive guide to identify barriers and facilitators 

(Glasgow et al., 2019). All the 25 participants in the intervention group 

were invited for the interviews, however only seven agreed to be 

interviewed. Future research should aim to recruit more participants, to 

improve the quality and accuracy of the results. 

 

        While EMA compliance rate was relatively low (59%) we learnt 

important lessons regarding procedures with assessing physical activity, 

adapting text messages and EMA to different shift schedules. COM-B 

model and the behaviour change techniques including feedback on 

behaviour, action planning were desired by participants. The process 

evaluation and intervention were designed systematically using RE-AIM 

and COM-B frameworks. This adds to the body of knowledge on 

intervention that use theories and frameworks in health promotion 

programs. However, a participatory approach with workers and the 

employer involved in the planning of the intervention would be beneficial. 

This study provides support for using tailored text messages for future 

interventions to influence physical activity in mining shift workers. 
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However, the use of EMA needs further investigation to use for the 

intervention as the compliance was low.  

 

        The intervention resulted in some changes in physical activity, 

mainly when working morning/day shifts and non-workdays. Thus, shift 

workers could benefit from leisure activities that are enjoyable and more 

beneficial for their well-being than occupational physical activity, which 

may not be necessarily good for their health. In addition, it is worth 

investigating the effectiveness of the intervention in improving shift 

workers’ physical activity.
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CHAPTER 8: OVERALL DISCUSSION AND CONCLUSION 

8.1. Overview of the chapter 

      This final chapter provides a summary of findings, overall discussion, 

implications, recommendations for future research, strengths/limitations, 

and conclusions. Figure 8.1 presents thesis summary. 

 

Figure 8.1 Overview of research activities and outcomes 
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8.2. Summary of Aims and Main Findings 

       The main aim of the overall PhD was to investigate the habitual 

levels of physical activity and sedentary behaviour in shift workers. We 

collated the evidence to determine if shift workers are less active or more 

sedentary than non-shift workers. In addition, a pilot of a novel mobile 

EMA application was investigated to assess its feasibility and validity. EMA 

was also used with the text messages in the health promotion program to 

improve physical activity in mining shift workers. 

 

       The result of our systematic review and meta-analysis showed that 

habitual levels of physical activity was similar for shift and non-shift 

workers (Monnaatsie et al., 2021). Since the habitual levels of physical 

activity are similar for shift and non-shift workers, it can then be 

suggested that the shift work-related health risks are unlikely to be the 

result of decreased physical activity and high sedentary behaviour. 

However, the physical activity was low in both groups, thus both could 

benefit from taking part in health promotion programs.  

 

          Our meta-analysis only included overall physical activity. However, 

it is important to note that physical activity is a complex behaviour, and 

multiple domains and factors contribute to daily physical activity levels 

(Rhodes et al., 2019). Opportunities to be active exist in several domains 

including at work, household or at school, for travel or during leisure time 

(Strain et al., 2020). Information on domains is necessary to fully 
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understand the dynamics of physical activity in shift workers especially as 

evidence shows that different domains may contribute to health in 

different ways as discussed in chapter 7 (Holtermann et al., 2021). Strong 

evidence suggests that EMA can provide context-rich data (Engelen et al., 

2016; Maher et al., 2018). Thus, could be possible with the use of EMA 

that was shown to be feasible to use in shift workers in chapter 4.  

 

         Our findings also revealed that shift workers spent less time in 

sedentary behaviour than non-shift workers. The results may be mainly 

influenced by differences in occupational industries and work tasks. 

Moreover, most studies included in the analysis used retrospective self-

report measures. Because of the challenges of using self-report measures 

reported in the previous chapters one and two, there was a need to 

determine the feasibility and validity of EMA to overcome the limitations 

of other self-report measures. EMA was shown to be feasible and valid, 

future studies could use it for assessing context of behaviours and tailor 

interventions that would be beneficial for shift workers’ unique work 

schedules. The intervention improved physical activity during morning and 

non-workdays and was desired by intervention participants. Based on the 

process evaluation results, barriers including work-related fatigue and low 

work management involvement should be addressed to increase the 

intervention implementation and effectiveness. 
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        Another important finding from the systematic review results was 

the heterogeneity of methods, shift work definitions, and measures, the 

latter being mainly self-reported. Self-reporting these behaviours in 

studies often results in over-reporting actual physical activity and under-

reporting sedentary time (Bir & Widmar, 2020; Gardner et al., 2020). The 

heterogeneity in definition of shift work and shift patterns and schedules 

is a concern and made comparability of studies difficult. Therefore, there 

is need to standardise the definitions of shift work and measurement 

tools. Understanding movement behaviour in shift workers by work 

industries may contribute to the development of health promotion 

strategies that are targeted at specific work contexts. Further, greater 

insights into occupational physical activities would help design effective 

interventions suitable for work demands and job tasks  

 

          Like other studies that used EMA to assess physical activity and 

sedentary behaviour in workers, EMA was feasible and valid to use in shift 

and non-shift workers. (Engelen et al., 2016; Weatherson et al., 2019). 

The use of mobile EMA protocols is promising in contributing to insights 

on the determinants, domains and the context of physical activity and 

sedentary behaviours in shift workers (Dunton, 2017). In addition, EMA 

can be tailored to time prompts to be delivered when participants are 

bound to be more active to nudge to change behaviour. However, tailoring 

prompts did not influence the validity of EMA in shift and non-shift 

workers, but more missed prompts were recorded when a group of shift 
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workers received non-tailored prompts. EMA methods may be used in 

combinations with device-based measures to provide robust data on 

movement behaviours.  

 

         EMA provides longitudinal, real-time physical activity and sedentary 

behaviour data that allows for reaching a large population affordably 

(Engelen et al., 2016; Smyth et al., 2017). There is no consensus on the 

influence of exposure to shift work overtime, and more research is 

required to differentiate the effect of years of work and intensity of shift 

schedules on movement behaviours. Therefore, future cohort studies can 

start with use of EMA to yield intensive longitudinal data. Perhaps 

longitudinal studies will provide more information about lifestyle 

behaviour development with shift working experience.  

 

        Our results also showed that shift workers engaged in less 

sedentary behaviour than non-shift workers (Monnaatsie et al., 2021) 

(chapter 3). This was supported by the findings of the EMA validity study 

(chapter 5). While the focus of the study (chapter 5) was not to assess 

sedentary behaviour, the Actigraph data showed that shift workers spent 

more time sedentary. A call centre worker or driver is likely to spend more 

time in sitting positions, whereas a production or hospital worker may 

mainly adopt a standing posture to carry out tasks at work (Smith et al., 

2016). However, fewer studies investigating sedentary behaviours were 

included in the meta-analysis. Apart from the paucity of data on levels of 
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sedentary behaviour in shift workers, half of the studies included in our 

review were from health care industries, mainly nurses 

Therefore, differing industries and domains needs to be investigated and 

reported in future studies. For intervention to be effective, they need to 

be suited for workers health concerns, thus more beneficial for their 

physical and mental health. Owing to differing work tasks, reporting 

sedentary time by work industries and domain is also necessary. Like 

physical activity, environmental and occupational factors influence both 

total and occupational sitting (Vandelanotte et al., 2013). However, 

because of the paucity of research on workplace health promotion in 

Botswana mining companies, our study results have limited comparative 

data. 

 

        The health promotion program resulted in changes in MVPA mainly 

during non-workdays and morning/day shift as shown in chapter 6. In 

addition, the intervention did not improve shift workers' quality of life and 

sleep. Conducting needs assessment before the intervention could have 

helped inform identifying possible barriers and an intervention that is 

likely to have positive impacts on health (Skivington et al., 2021). 

Involvement of workers to co-develop the intervention, therefore, is 

important. However, we could not co-develop the intervention because of 

the PhD time constraints. Participants in the intervention group, (chapter 

7) reported positive experiences with using both EMA and text messages, 
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however EMA reporting did not influence physical activity changes as 

discussed in chapter 6.  

 

       No improvement in physical activity during some shift schedules led 

us to conclude that it is possible that job constraints, fatigue and limited 

time during workdays affected changes in physical activity. A structured 

health intervention for truckers in the UK also resulted in less changes in 

physical activity during workdays compared to non-workdays (Clemes et 

al., 2022). As discussed in Chapter 7, work-related fatigue was reported 

as a barrier for changing physical activity (Monnaatsie et al., 2023). 

Intervention strategies should therefore consider implementing changes in 

the workplace to improve job constraints. For example, it may be 

beneficial to provide frequent breaks for shift workers with high 

occupational physical activity.  

 

         Workplace initiatives to increase physical activity may be 

particularly important among individuals employed in predominantly 

sedentary jobs like drivers, as well low physically demanding occupations 

(Varela-Mato et al., 2017). Health care and manual workers may benefit 

from interventions that targets recovery than just increasing physical 

activity (Brown, 2020). Because of the demanding work tasks and lots of 

time spent walking in the mining company, workers could also benefit 

from interventions that involves workplace tasks as suggested by the 

Goldilocks Work Paradigm (Holtermann et al., 2021). Epidemiological data 
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shows that high occupational physical activity is associated with increased 

risk for diseases and adverse health effects, while leisure time activities 

are beneficial for health (Holtermann et al., 2018; Quinn et al., 2021). 

Thus our intervention may result in improved wellbeing in mining shift 

workers if conducted for a longer period.  

 

           The intervention did not improve time spent in standing and 

sitting and increasing time spent lying down. A possible explanation for 

lack of improvements in the healthy behaviours maybe the use of a 

wearable device which provides a more rigorous measure of physical 

activity/movement instead of self-report measures. While we also applied 

the COM-B model to inform the development of text messages in our 

intervention, the feedback on other behaviours were not framed according 

to the model (Michie et al., 2014). It is also important to note that the 

intervention was implemented in one shift cycle of 24 days. The duration 

of the intervention also needs to be longer to establish effects on sleep 

and quality of life (Vanderlinden et al., 2022). 

 

          While several previous studies have shown that physical activity 

can improve sleep quality (Wang & Boros, 2021; Yang et al., 2012), 

mental health and quality of life (Gothe et al., 2020). Our findings and 

results of previous studies revealed that, the physical activity intervention 

did not influence sleep quality or quality of life (Vanderlinden et al., 

2022). The quantitative and qualitative methods contributed to our 
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understanding of the process of the text messaging physical activity 

intervention. The results of the process evaluation showed that emphasis 

should be placed on action planning, providing feedback on behaviour, 

and providing incentives as they were desired by participants (Chapter 7) 

(Monnaatsie et al., 2023). For example, the Mi fitness tracker could be 

provided to monitor and promote continued engagement in physical 

activity. The results of the process evaluation revealed that the health 

promotion program has the potential to be adopted if barriers identified 

including fatigue and low management involvement are overcome.   

  

8.3. Implications and Recommendations for Future Research 

         Our meta-analysis revealed information about the overall physical 

activity and sedentary behaviours. However, most of the studies have 

assessed these behaviours with self-report surveys. Thus, use of EMA with 

devices to assess all behaviours in all domains repeatedly, may provide a 

richer context understanding of the healthy behaviours in shift workers. 

Workers’ behaviours reported by different occupations with domains and 

the context of the behaviour is necessary for future research. This will 

allow for planning and developing interventions for the different work 

occupations, thus beneficial for workers’ wellbeing.  

 

           Future studies in a mining workplace should consider including 

assessments of physical activity and regular physical tests for shift 

workers to provide real-time support. This could be easily done with 
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mobile EMA in real-time and their workplaces. The text message effects 

varied between weekdays and weekends, supporting the view that future 

studies should assess work schedule as a potential moderator for 

improving physical activity in shift workers (NeCamp et al., 2020). For the 

mining shift workers, health promotion program that follow the ‘Goldilocks 

Principle’ as discussed in the previous chapters may be useful to design 

health promoting activities. 

 

8.4. Strengths and limitations  

 

        This thesis used both quantitative and qualitative methods, and both 

self-report and device-based measures. The empirical studies used shift 

workers from high-income (Australia) and middle-income (Botswana) 

countries, thus contributing to research in both types of countries. 

Secondly, the systematic review and EMA feasibility studies included shift 

and non-shift work populations, thus providing comprehensive, rich 

methods and data to understand the dynamics of shift work and physical 

behaviours. Another strength is the use and incorporation of the COM-B 

model and RE-AIM framework to provide guidance for the intervention 

implementation and evaluation. The use of mobile technology in Studies 2 

and 3 provides novelty in EMA use in shift workers and contributes to the 

growing area of mHealth technologies. 

 

       Limitations of this thesis include the homogeneity of the population 

used in Studies 2 and 3. Therefore the results cannot be generalised to 
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other countries and all shift workers. More studies in different industries 

catering for work tasks and schedules are essential. The SEMA3 

application used in this study was still in the development research stage, 

thus we were not able to find out why some prompts were not delivered 

to participants. While EMA could provide context of behaviour and domain 

specific activities, we did not take advantage of analysing the contexts of 

the behaviours because of time and thesis restrictions. In addition, we 

used different devices for the validity/feasibility studies and intervention 

study, therefore, limiting comparability of the studies. The intervention 

study had a smaller sample size than the pre-calculated powered sample 

size with 24-day intervention period. However, as discussed in the 

previous chapter only a few participants dropped out.  

 

       More studies are needed to explore the efficacy of the intervention in 

a randomised controlled trial with larger sample size and longer duration. 

A sample that is larger will be a better representative of the population 

and will hence provide more accurate results (Andrade, 2020). Another 

limitation is that we did not involve employees and management for 

needs assessment, therefore a wider participatory approach could have 

provided a more detailed picture of the workplace health promotion that is 

beneficial for workers. However, workers were involved in determining 

time that they were likely to be active and the time to send text-

messages and EMA prompts predetermined with the researcher.  
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8.5.  Conclusions 

       Based on the findings of this thesis, it can be concluded that shift 

workers are not less active or more sedentary than normal day workers. 

The majority of shift workers included in the meta-analysis do not meet 

physical activity guidelines. In addition, extensive epidemiological 

evidence from the reviewed literature proved that improving shift workers’ 

healthy behaviours should be a public health priority to improve their 

mental and physical health. The health promotion program in our study 

was only during one shift circle of 24 days, however the results are 

promising since the MVPA steps were improved during morning and non-

workdays. Similarly, based on our intervention study, shift workers may 

benefit from improving their physical activity especially during non-

workdays. More innovative and tailored health promotion programs are 

essential to target improving physical activity during afternoon and night 

shifts. Because of the differing work duties and tasks, interventions that 

cater for different job tasks, patterns of work and individuals could be 

beneficial and mobile EMA tailoring would be useful. While EMA is valid 

and feasible to assess movement-related behaviours in shift workers. 

More research is needed to expand on the use of EMA to provide 

information on the context of behaviour and how shift schedules affect 

the healthy behaviours of shift workers. More evidence is needed about 

physical activity and sedentary behaviour domains in the shift working 

population. 
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APPENDICES 

Appendix A 

 

 

Table A.1 Search strategy    

Search terms Data bases Limits (English) Results 

(("physical activity" or 

"sedentary behaviour" or 
"Sedentary behaviour" or 
inactivit* or exercise)) AND 

(("shift work" or "shift worker" 
or "non-shift worker" or "day 
worker"))   

Scopus yes 683 

(("physical activity" or 
"sedentary behaviour" or 
"Sedentary behaviour" or 

inactivit* or exercise)) AND 
(("shift work" or "shift worker" 
or "non-shift worker" or "day 

worker"))  

Ebscot megafile 
ultimate: CINHAL, E-
journals, Academic 

search ultimate, 
health source 
consumer edition, 

SPORT Discus 

Yes  213 

("physical activity" OR 
"sedentary behaviour" OR 

"Sedentary behaviour" OR 
inactivity or exercise) AND 
("shift work" OR "shift worker" 

OR "non-shift worker" OR "day 
work")  

Science direct yes 2045 

((physical activity or sedentary 
behaviour or Sedentary 
behaviour or inactivit* or 

exercise)) AND ((shift work or 
shift worker or non-shift worker 
or day worker))   

Web of Science yes 840 

(("physical activity" or 
"sedentary behaviour" or 
"Sedentary behaviour" or 

inactivit* or exercise)) AND 
(("shift work" or "shift worker" 
or "non-shift worker" or "day 

worker"))  

PubMed yes 74 
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Table A.2 Characteristics of included studies reporting prevalence of workers who meet physical activity guidelines 

Author (Year) 
country 

Research 
design 

Sample 
characteristi
c: n; mean 

age  
 % female 

Occupation 
Shift type 

Measureme
nt tool 

Outcome measures Data inputted in 
the meta-
analysis 

No. of SW and 
non-SW 

Alves et al. 

(2017) 
Brazil 

Cross-

sectional 

423; 30.7 

years  
58% female 
 

Poultry 

processing 
early morning, 
day, night shift 

IPAQ Physically active 

(≥150 min/wk.) 
 

78 SW; 69 non-

SW 

Ma (2011) 
USA 

Cross-
sectional 

350; 41.2 
years; 28.6% 
female 

Police; Day, 
afternoon, 
midnight shift 

 

PAR 
questionnair
e 

Prevalence of workers 
who do ≥ 150 
min/week PA 

SW-104; non-
SW-126 

Marqueze 
(2013) 

Brazil 
 

Cross-
sectional 

57; 39.8 
years; 0% 

female 

Truck drivers; 
Irregular, day 

shift 

IPAQ ≥ 150 min/week PA SW-8; nonSW-1 

Neil-Sztramko 
(2016) 
Canada 

 

Cross-
sectional 

4323; 39.1 
years; 46% 
female  

Various 
industries; Shift 
and day worker 

Questionnair
e  

≥ 150 min/week PA SW-72; non-SW-
474 
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Panczyk et al 
(2018) Poland  

Cross-
sectional 

1017; 43.2 
years; 100% 

female 

Nurses & 
midwives; shift 

and non-shift 

Positive 
Health 

Behaviours 
Scale (PHBS)  

≥ 150 min/week PA 
 

SW-372; nonSW-
140 

Park & Suh 

(2019) 
South Korea 
 

Cross-

sectional 

185958; 39.6 

years; 28.4% 
female 

Various 

industries, day, 
and shift workers 

IPAQ-SF ≥ 600 METs 

min/week PA 

SW-6112; Non-

SW-101120 

Chin et al 
(2016) 
USA 

 
 

Cross-
sectional 

393; 48.4 
years; 90% 
female 

 

Nurses 
Day, non-day 

Questionnair
e 

(≥150 min/week), 
Regular muscle 
strengthening 

physical activity (≥2 
days/week) 

SW-108; 41-non-
SW 
 

Garcez et al. 

(2015) 
Brazil 

Cross-

sectional 

1206; 30.5 

years; 65% 
female 
 

Poultry 

processing  
Day, night shift 

IPAQ ≥ 150 min/week PA SW-312; non-

SW-125 

Hulsegge et al 
(2020) 
Netherlands  

 

Cross-
sectional 

7417, 45.8 
years; 13% 
female 

Industrial 
production  

Questionnair
e  

≥ 150 min/week 
MVPA 
 

SW-1482; non-
SW-2716 

Hulsegge et al 
(2021) 

Netherlands  
 

Cross-
sectional  

9583; 45.8 
years; 12% 

female  

Industrial 
production  

Questionnair
e 

≥ 150 min/week 
MVPA 

SW-1850; non-
SW-3701 

Sugiura et al. 

(2020) 
Japan 

Cross-

sectional  

10073; 46.6 

years; 100% 
female 

Health care 

support; day and 
shift workers 

Questionnair

e 

Regular exercise 

(more than 30 min 
per day) 

SW-2096; Non-

SW-4138 
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Loef et al 
(2020) 

Netherlands   

Data from 
prospective 

cohort study 

396; 43.7 
years; 86.3% 

female 

Health care 
workers; shift 

and non-shift 

Actigraph 
GT3X 

Physically active 
(≥150 min/wk.) 

 

SW-151; non-
SW-25 

Awosoga et al. 
(2020) Canada  

Cross-
sectional        

918; 39 years; 
91% female 

Care givers; day, 
night, evening 

and rotating  

Questionnair
e 

Exercise 3 
times/week for at 

least 20 mins  
 

None, data 
doesn’t show 

meeting PA 
guidelines 
71 SW; 23 non-

SW 

Buchvold et al. 
(2019) Norway 

 

Baseline data 1371; 32.6 
years; 90% 

female  

Nurses; day, 
night workers 

Questionnair
e 

>1hr/week  None, assessed 
PA by >1hr per 

week; 364 SW; 
493 non-SW 

Bushnell (2010) 

USA & Different 
countries 
 

Baseline 

data-
Longitudinal  

266442; 42.6 

years 
31.3% female 

Manufacturing 

company; Day, 
rotating, night 
shifts 

Online 

questionnair
e 

Lack of exercise  None, reported 

risk ratios 

Chen et al 
(2020) USA  

Cross-
sectional 

26, 44.2 
years; 86% 
female 

Healthcare 
workers 
Day, rotating, 

night shifts 

Actiwatch Motion counts  None, reported 
counts; SW-
270000; non-SW 

250000 counts  
 

Farais et al 

(2020) 
Chille 
 

Cross-

sectional 

50; 37.1 

years; 94% 
female 

Health care  IPAQ ≥ 150 min/week PA None, reported 

zero min of MVPA 
both SW and 
NonSW 

Kwiecien et 
(2019) Poland 

Cross-
sectional 

158; 58% 
female 

Nurses; day and 
night 

Pedometer Number of steps None, steps 
reported day-
292.3 kcal; night-

146.3kcal 
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Lim et al (2019) 

South Korea 

Cross-

sectional 

339; 27 years; 

99% female 
 

Nurses; rotating 

shift work 

Questionnair

e 

exercise was 

recorded as never, 
rarely, sometimes, 
regularly, or 

competitively 
 

None; reported 12 

% of shift workers 
did no regular 
exercise 

 
 

Lim (2016) 

Singapore 
 
 

Cross-

sectional 

231; 31.6 

years; 100% 
female 

Hospital 

employees 

Questionnair

e 

exercise was 

recorded as never, 
rarely, sometimes, 
regularly, or 

competitively 
 

None 

Kawada (2008) 

Japan 

Cross-

sectional 

17, 0% female Managers in car 

manufacturing 
Rotating, 
evening, 

morning shift 
 

Actiwatch Activity counts None, reported 

activity counts; 
SW-164319; non-
Sw-146528 

 

Pham & Park 

(2019) Korea 
 

Cross-

sectional 

26985; 39.8 

years; 50% 
female  

Various 

industries; day 
evening and 
night  

Interview 

guided 
questionnair
e 

Yes/no PA None, PA 

assessed by yes 
or no; SW-10386; 
non-SW-680 

 

Roskoden 
(2017) 

Germany 
 

Cross-
sectional 

44, 36.3 
years; 77.3% 

female 

Medical 
university 

employees; shift 
and non-shift 

Actigraph 
 

Energy intake kcal None, reported 
energy intake  
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Legend: SW-Shift workers, NonSW-non-shift workers, IPAQ-International Physical Activity Questionnaire, PA-
Physical activity, MVPA-Moderate-to-Vigorous Physical Activity, min/day-minutes per day. 

 
 
 

 
 
 

 
 
 

Wakui (2002) 
Japan 

Cross-
sectional 

9; 48.7 years; 
100% female 

Care workers; 
day and night 

shift  

Calorie 
counter 

No. of steps  None, Steps 
reported; SW-

18660 steps; 
nonSw-10294 
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Table A.3 Characteristics of included studies reporting time spent in physical activity by workers 

Author (Year) 
country 

Research 
design 

Sample 
characteristic: 

n; mean age  
 % female 

Occupation 
Shift group 

Measurement 
tool 

Outcome 
measures 

Data inputted in 
the meta-

analysis 
% of time spent 
in PA 

Loef et al (2017) 
Netherlands 
 

Cross-
sectional  

6512; 47.7 
years; 75.4% 
female 

Various industries 
Shift, non-shift 
workers  

Questionnaire Moderate PA & 
Vigorous PA 
(hours/week) 

SW-18%; non-
SW-15.4% 

Clark et al (2017) 
Australia 

Cross-
sectional 

7835; 33.7 
years; 100% 
female 

Various industries 
Shift/night and not 
shift/night 

Active 
Australia 
Questionnaire 

Moderate to 
Vigorous 
Physical Activity 

(h/week) 

SW-12.5%; non-
SW-11.5% 

Loprinzi (2015) 
USA 

Cross-
sectional  

 

1536; 39.9 
years; 46.1% 

female  

Various industries; 
daytime and shift  

 

Questionnaire MVPA, min/day 
overall 8–10 min 

bouts 

SW-25.8%; non-
SW-28.5% 

Tada (2014) 
Japan 

Cross-
sectional 

2758; 42.1 
years; 100% 

female 

Nurse 
Day workers 

Questionnaire Time in PA  SW-25.2%; 
nonSw-24.7% 

Peplonska et al 
(2014) 

Poland 
 

Cross-
sectional 

725; 49.3 years  
100% female  

Nurses and midwives 
Rotating night shift, 

day shifts 

IPAQ (MET hrs/week) SW-26%; non-
SW-20.9% 

Vandelanotte (2015) 

Australia 

Cross-

sectional  
 

1194; 45.3 

years; 53.9% 
female 

Various industries 

Non-shift, shift worker 

IPAQ Total Physical 

Activity 
(min/wk.)  

SW-26.8%; 

nonSW-24.9% 

Vlahoylannis et al 

(2021) Greece  

Cross-

sectional 

40; 42.9 years Nurses; shift and non-

shift workers 

IPAQ IPAQ score SW-15.5%; non-

SW-12.4%  
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Legend: SW-Shift workers, NonSW-non-shift workers, IPAQ-International Physical Activity Questionnaire, PA-
Physical activity, MVPA-Moderate-to-Vigorous Physical Activity, min/day-minutes per day, MET hrs/week-metabolic 

equivalent hours per week  

 

Van de Langenberg 

(2019) 
Netherlands  

Cross-

sectional  
 

69; 47 years; 

100% female 

Health care workers 

Day worker, rotating 
shift worker 

Questionnaire 

Actigraph 
GT3X 

MVPA mean 

min/day 
self-reported PA 
mean min/day 

SW-40.1%; 

nonSw-38.2% 

Hulsegge et al (2017) 
Denmark 

Cross-
sectional 

812; 45 years; 
46% female 

Various industries 
Day worker, night, and 
non-night shift 

Actigraph 
GT3X 

Time in MVPA SW-13.9%; non-
SW-15.5% 

Lauren et al (2019) 
USA 

Cross-
sectional 

24; 34.8 years; 
100% female 

Medical staff Actigraph 
wGT3X-BT 

Moderate 
intensity PA, 
min/d 

SW-12.8%; non-
SW-14.3% 

Loef et al (2018) 
Netherlands 
 

Baseline 
data- 
Cohort 

study  

479; 44.1 
years; 87% 
female 

 

Hospital shift workers 
Shift, non-shift worker 

Actigraph 
GT3X 

Mean and SD 
time spent in 
different 

physical activity 
types 

SW-11.7%; non-
SW-12.5% 

Neil-Sztramko et al 

(2016) 
Canada 

Cross-

sectional  
 

4323; 39.1 

years; 46.7% 
female 

Shift worker, day 

worker 

Actical 

accelerometer 

MVPA min/day SW-10.1%; non-

SW-10.2% 

Esquirol et al (2009) 

France 

Cross-

sectional 

198; 39yrs; 0% 

female 

Chemical plant 

workers 
Rotating, regular day  
Worker 

Baecke 

questionnaire 

Index score  

 

None, reported 

index score; SW-
9.1%; nonSW-
8.6% 

Yu et al. (2020) 
New Zealand  

Cross-
sectional 

102; 72.5% 
female 

Hospital shift workers; 
12hr shifts 

Axivity AX3 Time walking None, Shift 
workers only; 
SW-64.3% 
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Table A.4 Characteristics of included studies reporting time sedentary by workers 

Author (Year) 

country 

Research 

design 

Sample 

characteristic: 
n; mean age  
 % female 

Occupation 

Shift schedule 

Measurement 

tool 

Outcome 

measures 

Data 

inputted in 
the meta-
analysis 

% of time 
spent in SB  

Clark et al (2017) 

Australia 

Cross-

sectional 

7835; 33.7 

years; 100% 
female 

Various industries 

Shift/night and not 
shift/night 

Active 

Australia 
Questionnaire 

Sitting 

Time(h/day) 

SW-29.6%; 

non-SW-
34.2%  
 

Hulsegge et al (2017) 
Denmark 

Cross-
sectional 

812; 45 years; 
46% female 

Various industries 
Day worker, night, 
and non-night shift 

Actigraph 
GT3X 

Sedentary 
behaviour 
(lying/sitting) 

SW-13.9%; 
non-SW-
15.5% 

Lauren et al (2019) 
USA 

Cross-
sectional 

24; 34.8 years; 
100% female 

Medical staff Actigraph 
wGT3X-BT 

Sedentary 
time, min/d 

SW-12.8%; 
non-SW-
14.3% 

Loef et al (2018) 
Netherlands 
 

Baseline 
data- Cohort 
study  

479; 44.1 
years; 87% 
female 

 

Hospital shift workers 
Shift, non-shift 
worker 

Actigraph 
GT3X 

Mean time in 
SB 

SW-11.7%; 
non-SW-
12.5% 

Loprinzi (2015) 
USA 

Cross-
sectional  

 

1536; 39.9 
years; 46.1% 

female  

Various industries; 
daytime and shift  

 

Questionnaire SB, min/day SW-25.8%; 
non-SW-

28.5% 

Neil-Sztramko et al 
(2016) 

Canada 

Cross-
sectional  

 

4323; 39.1 
years; 46.7% 

female 

Shift worker, day 
worker 

Actical 
accelerometer 

SB min/day SW-10.1%; 
non-SW-

10.2% 

Vandelanotte et al 
(2013) Australia 

Cross-
sectional  

1194; 45.3 
years; 53.9% 

female 

Various industries; 
shift and non-shift  

Workforce 
sitting 

questionnaire 

Total sitting 
time 

(min/day) 

SW-37.1%; 
non-SW-38% 
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Legend: SW-Shift workers, NonSW-non-shift workers, SB-sedentary behaviour. 

KivimAki et al (2001) 
Finland 

 

Cross-
sectional 

689; 41.6 
years; 100% 

female 

Nurses; shift and day 
workers 

Questionnaire Sedentary 
lifestyle 

None, SB 
assessed as 

yes or no fast 
walk 
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Table A.5 Characteristics of studies with shift workers only  
 

Author 
(Year) 
country 

Research 
design 

Sample 
characteristic: 
n; mean age 

 % female 

Occupation 
Shift schedule 

Measurement 
tool 

Outcome 
measures 

Data inputted in the 
meta-analysis 
 

Abu 
Hanifah et 

al. (2020) 
Malaysia 

Cross-
sectional 

255; 39 years; 
100% female 

Electronics 
manufacturing; shift 

workers only  

Questionnaire Exercise 
routine 

(yes/no)  

None, SW only 

Buchvold et 

al. (2015) 
Norway 

Cross-

sectional 

2059; 33.1 years  

90.6% female 

Nurses 

Night work 

Questionnaire >1hr/week  none 

Hajo et al. 

(2020) 
Canada  

Cross-

sectional 

342, 45.8 years 

94% female  

Nurses; fixed and 

rotating shifts 

Actigraph  (MVPA 

min/day) SB 
(min/day) 

None; SW-41.5 %;  

Reed 

(2018) 
Canada 

Cross-

sectional 

410; 42.9 years; 

94% female   

Nurses; fixed and 

rotating shifts  

IPAQ, 

Actigraph 
GT3X 

≥ 150 

min/week PA 

All SW-PA-4.7%; SB-

49.5%  

Kolbe-

Alexander 
et al (2019) 
Australia  

Cross-

sectional  

30; 43.7 years; 

15% female 

Drivers and 

manufacturing; day 
and night shifts 

MARA; ActivPal 24-h activity 

recall; time 
in PA & SB 

SW steps & SB 

Reed 
(2018) 
Canada 

Cross-
sectional 

410; 42.9 years; 
94% female   

Nurses; fixed and 
rotating shifts  

IPAQ, 
Actigraph 
GT3X 

≥ 150 
min/week PA 

All SW-PA-4.7%; SB-
49.5%  

Chappel et 
al (2020) 
Australia  

Cross-
sectional  

62; 33 years; 
92% female  

Nurses; morning, 
afternoon, or night 

Actigraph, 
ActivPal 

Time spent 
in MVPA 

Reported beta 
coefficient  
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Fullick 
(2009) 

England 

Cross-
sectional 

95; 37.2 years; 
25.3% female 

 

Various industries; 
shift workers 

Questionnaire Kilojoules  none SW only 

Oftedal et 
al (2019) 

Australia 

Baseline 
data 

40; 35.7 years; 
53% female 

 

Did not say 
occupation; rotating 

shifts 

Active 
Australia 

Questionnaire  

≥ 150 
min/week PA 

None, shift work only 
SW-18 

Kelly et al. 
(2020) 

Ireland  

Cross-
sectional  

450; 48% female Various industries; 
shift workers only 

Telephone 
interview 

Physically 
active 

(>150/wk.) 

None, reported SW only 
SW-509 

Park et al 
(2020) 

South 
Korea 

Cross-
sectional 

5196; 38.1 years; 
7.6% female 

Firefighters, 3 and 21 
circuits shift 

Questionnaire Exercise 
training ≥ 

150 
min/week   

None, SW only 
All SW-2324 

Theodoro 

et al (2020) 
Brazil 
  

Cross-

sectional  

450; 36 years; 

100% female 

Manufacturing; hybrid 

and night shift workers 

Questionnaire  PA as yes or 

no 

None, Shift workers 

only 
SW-385 

Legend: PA (Physical activity), MVPA (moderate-to-vigorous physical activity), SB (Sedentary behaviour) IPAQ 
(International Physical Activity Questionnaire), SW (shift worker), Non-SW (Non-SW) various industries (different 
occupation group within the study population)
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Table A.6. Quality assessment for all studies 
 

Study  1A. 
Sample 

1B. 
Sample  

2A. 
Measu
res 

3A. 
Analyse
s 

3B. 
Analyse
s 

4A. 
Variable
s 

4C. 
Variable
s 

4D. 
Variable
s 

4E.  
Variables 

5A. 
Result
s 

Total % 

Abu-
Hanifah 
(2020) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Alves et al 
(2017) 

Yes yes n/a n/a n/a yes yes yes yes yes 7/7 100 

Awosoga 

(2020) 
 

Yes yes n/a n/a n/a yes yes yes n/a no 5/6 83 

Buchvold 

et al 
(2015) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Buchvold 

et al 

(2019) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Bushnell et 

al 
(2010) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Chappel  

(2020) 

yes yes yes yes yes yes yes yes yes yes 10/ 

10 

100 

Chen et al  
(2020) 

Yes no yes yes yes yes no yes yes no 8/10 80 

Chin et al  

(2016) 
Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Clark et al 

(2017) 

Yes yes n/a n/a n/a yes yes yes yes yes 8/8 100 
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Esquirol et 
al (2009) 

Yes yes n/a n/a n/a yes no yes n/a no 4/6 67 

Fullick et 
al (2009) 

No yes n/a n/a n/a yes no yes n/a no 3/6 50 

da Silva 

Garcez et 
al (2015) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Hajo et al  

(2020) 

Yes yes yes yes yes yes yes yes unclear yes 9/10 90 

Hulsegge 
et al 

(2017) 

Yes yes yes yes yes yes yes yes yes yes 10/ 
10 

100 

Hulsegge 
et al  

(2020) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Hulsegge 
et al 

(2021) 

yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Kawada et 
al (2008) 

No no yes no yes yes no yes unclear yes 5/10 50 

KivimAki 
et al 
(2001) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Kelly  
(2020) 

Yes yes n/a n/a n/a yes yes yes yes yes 7/7 100 

Kolbe-

Alexander 
et al 
(2019) 

Yes yes yes yes yes yes yes yes unclear yes 9/10 90 
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Kwiecuen-
Jagus et al 

(2019) 

Yes yes yes no yes yes no yes n/a yes 7/9 78 

Lauren et 
al (2019) 

Yes no yes yes yes yes yes yes Yes yes 9/10 90 

Lim et al  
(2016) 

Yes yes n/a n/a n/a yes yes yes n/a no 5/6 83 

Lim et al  

(2019) 

Yes yes n/a n/a n/a no no yes n/a no 3/6 50 

Loef et al 
 (2020) 

Yes yes yes yes yes yes yes yes unclear yes 9/10 90 

Loef et al  
(2017) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Loef et al  

(2018) 

Yes yes yes yes yes yes yes yes Yes yes 10/ 

10 

100 

Loprinzi  
(2015) 

Yes yes yes yes yes yes yes yes yes yes 10/ 
10 

100 

Ma et al  
(2011) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Marqueze 

et al 

(2013) 

Yes no n/a n/a n/a yes yes yes n/a no 4/6 67 

Neil-

Sztramko 
et al 
(2016) 

Yes yes unclear yes yes yes yes yes yes yes 9/10 90 

Oftedal et 
al (2019) 

Yes yes n/a n/a n/a no yes yes yes yes 6/7 86 

Panczyk et 

al (2018) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 
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Park & 
Suh 

(2019) 

Yes yes n/a n/a n/a yes yes yes unclear yes 6/7 86 

Park et al  
(2020) 

Yes yes n/a n/a n/a yes no yes n/a no 4/6 67 

Peplonska 
et al 
(2014a) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Pham & 
Park 
(2019) 

Yes yes n/a n/a n/a yes yes yes n/a no 5/6 83 

Reed et al  
(2018) 

Yes yes yes yes no yes yes yes yes yes 9/10 90 

Roskoden 

et al 
(2017) 

Yes yes no unclear yes yes no yes yes no 6/10 60 

Sugiura et 

al (2020) 

No yes n/a n/a n/a yes yes yes n/a no 4/6 67 

Tada et al  

(2014) 
Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Theodoro  
(2020) 

Yes yes n/a n/a n/a no yes yes n/a yes 5/6 83 

Van de 

Langenber
g et al 
(2019) 

Yes yes unclear unclear yes yes yes yes n/a yes 7/9 78 

Vandelano
tte et al 
(2013)  

Yes yes n/a n/a n/a yes yes yes yes yes 7/7 100 
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Vandelano
tte et al 

(2015) 

Yes yes n/a n/a n/a yes yes yes n/a yes 6/6 100 

Vlahoylann
is et al 

(2021) 

yes no unclear unclear no yes yes yes n/a yes 5/9 56 

Wakui et 
al (2002) 

No no n/a n/a n/a yes yes yes yes yes 5/7 71 

Yu et al  
(2020) 

Yes yes unclear unclear no yes yes yes yes yes 7/10 70 

Total 

score n 
(%) 
 

44/49 

(90) 

42/49 

(86) 

11/17 

(65) 

11/17 

(65) 

14/17 

(82) 

46/49 

(93) 

41/49 

(84) 

49/49 

(100) 

16/21 

(76) 

38/49 

(77) 

  

 
Legend: Each item to be scored a “yes” (1 point) and “no” or “unclear” (0 point) “n/a” item not applicable/included 
for the study
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• The researcher will give you two devices that measure posture and 

movement, called accelerometers. We will show you to put them on 

and take them off.  

 

After the first meeting we will ask you to do the following for 7-10 days:  
• Answer 3-5 SEMA prompts per day (we will agree on times that suit 

you best in the first visit).  

• Wear the accelerometers (please see some more information on the 
accelerometers below.  

 

After the 10 days, the researcher will contact you and arrange to collect 
the accelerometer, or you can drop it off at the USQ campus.  
 

Health Risk Assessment 
The health risk assessment is a questionnaire comprising of three 
sections. The first part asks about demographic information like your age 

and work habits, we will also ask you about your lifestyle behaviours and 
health status. The second part is a series of questions to determine is you 
are a morning or evening person. The last part is a series of questions 

that relate to your sleep quality.  
 
Accelerometers:  

ActivPAL accelerometers:  

The activPAL device is a thigh-worn inclinometer accelerometer, 

which continuously records posture and movement (time spent 

sitting/lying, standing, or stepping). The device will be sealed 

with a nitrile finger cot and attached to the skin with a 

transparent film to provide a waterproof barrier. We will ask you 

to wear this device on your right thigh for 10 days. 

 

 
Actigraph GT3x accelerometer 

 

This accelerometer is worn on an elastic belt either over or 
under your clothes. It measures time spent stepping and 
various intensities of physical activity. We will ask you to 

wear this device during all waking hours for 10 days.  
 
 

 
Your participation in this project is entirely voluntary. If you do not wish to 
take part, you are not obliged to. If you decide to take part and later 

change your mind, you are free to withdraw from the project at any 
stage. You may also request that any data collected about you be 
withdrawn and confidentially destroyed. However, you will be unable to 

withdraw data collected about yourself after the data has been analysed. 
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Waist  

Survey 

completed 

 

Results report  
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Supplementary B.5. EMA advertisement 
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Table B.1. EMA reported activities by occupation group [n (%)] 

Survey question Total 

(N=120) 

SW-T  

(N=51) 

 SW-S 

(N=18) 

NSW-S 

 (N=51) 

Watching TV 

Using phone/computer 

Eating/drinking 

365* (8.0) 

461 (10.1) 

262 (5.7) 

140 (7.2) 

136 (6.9) 

105 (5.4) 

69 (9.1) 

81 (10.7) 

35 (4.6) 

156 (8.3) 

244 (13.0) 

122 (6.5) 

Physical 

activity/exercise 

171* (3.7) 43 (2.2) 39 (5.2) 89 (4.8) 

Work duties  

Socialising  

Sleeping 

Caring for children 

Chores 

Travelling 

750 (16.4) 

137 (3.0) 

141 (3.1) 

48 (1.0) 

231 (5.0) 

223 (4.9) 

311 (21.0) 

58 (3.0) 

68 (3.5) 

18 (0.9) 

78 (4.0) 

98 (5.0) 

70 (9.2) 

16 (2.1) 

31 (4.1) 

4 (0.1) 

36 (4.8) 

45 (5.9) 

269 (14.4) 

63 (3.4) 

42 (2.2) 

26 (1.4) 

117 (6.3) 

80 (4.3) 

Others 166 (3.6) 84 (4.3) 30 (4.0) 52 (2.8) 

Legend: SW-T: shift workers with tailored EMA prompts, SW-S: shift 
workers who received standardized prompts, NSW-S: non-shift workers 

with standardised prompts. Differences with Kruskal Wallis test between 
the groups are statistically significant represented with * (p<0.05). 
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Appendix C 

EMA Validity 

Table C.1. EMA compliance rate and overall accelerometer data in workers 

 

Variable  SW-T (n=51) NSW-S (n=51) p-value 

Accelerometry (Actigraph)    

Valid wear time (%) 46.6 46.5 0.95 

MVPA (%) 3.1 3.8 0.75 

LPA (%) 33.9  29.8 0.04* 

Sedentary time (%) 62.4 65.2 0.09 

MVPA (min/wk.) 217.7 (117.0) 234.0 (209.0) 0.08 

EMA    

Completed prompts (%) 63.6 67.6 0.19 

Missed prompts (%) 36.1 32.4 0.08 

Response time min) 0.41 0.34 0.26 

 

Legend: MVPA: Moderate-to-Vigorous Physical Activity, LPA: Light Physical 

Activity, SW-T: Shift workers who received tailored EMA prompts, NSW-S: 

Non-shift workers who received standardized EMA prompts 

Note: Kruskal-Wallis’s test was used to test differences between the 

groups for EMA and accelerometer data, statistically significant 

represented with * (p<0.05). 
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Table C.2. Results from regression analysis predicting accelerometer-

derived steps and vector magnitude (CPM) 15 minutes before EMA prompt 

showing differences between SW-T and 

NSW-S 

 

 EMA reported  

activities (CPM) 

EMA reported  

activities (Steps) 

EMA reported  

sitting (CPM) 

EMA reported  

sitting (Steps) 

 b 95% CI b 95% CI b 95% CI b 95% CI 

Intercept 66.6 ref 0.53 ref 277.
8 

ref 3.4 ref 

SW-T 35.5 -14.2,85.7 0.40 -0.51,1.30 50.7 -5.2, 106.7 0.64 -0.35,1.6 

Legend: SW-T: shift workers who received tailored EMA prompts, CPM: 

Counts per minute, b: Beta, 95% CI: 95% Confidence Intervals. 

Note: Reference group: Non-shift workers 
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Supplementary File D.5. 

Intervention advertisement sheet 

 

 
 

 
 

 

What’s involved?  
• You will get a free physical activity program and learn ab  

physical 

       activity guidelines  
• Find out about your physical activity and sleep quality. 
• Receive the activity tracker (picture on the right) after the program. 

 
Who is involved?  
If you meet the following criteria, then you are eligible to 

participate: 
• Full time shift worker at Debswana i  
• >18 years old 

• Own a smart mobile phone 
 

 

What you need to do: 
• Complete questionnaires 
• Meet at your workplace for 5 visits 

• Wear an activity monitor for 16 days during the two shift cycles 
 
 

 
Please email/call or text Malebogo Monnaatsie to register your interest in 
this initiative. Phone +267 72285305 Or email: 

malebogo.monnaatsie@usq.edu.au/ monnaatsiem@ub.ac.bw. 
 
 

 

 

Health promotion programme in shift workers 

           
 

 

Are you a shift worker interested in becoming more 

physically active?   
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Supplementary table D.1. 

The feasibility of a text-messaging intervention promoting 

physical activity in shift workers: a process evaluation  

Exit online survey 

The following survey items addressing the implementation, context and 

mechanisms of action will be used: 

Process evaluation 
component 

Survey items 

Reach Why did you take part in th program 
 

Adoption Overall, how beneficial do you think the program has 

been to you so far?   
How would you rate the text messages?   
How would you rate the SEMA3 app?   

How would you rate the discussions with the researcher 
on the program?   
 (Answer with 1=no benefit, 5= neutral &; 10= 

extremely beneficial)  

Implementation Did the program meet your expectations? 
Did you experience any barriers to participation in the 

program?   
If you answered yes to the last question, please give 
details about any barriers: 

Do you have any other comments about the health 
promotion program? (Maybe positive or negative 
factors). 

Maintenance  I will continue to be physically active even after the 
program (answer: yes, uncertain, no) 
Would you recommend this type of program to other 

shift workers?   
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Supplementary File D.6. 

The feasibility of a text-messaging intervention promoting 

physical activity in shift workers: a process evaluation  

Interview guide questions 

1. Why did you participate in the program? 

2. How has this intervention influenced your physical activity or 

exercise habits?  

3. Which factors influenced your physical activity habits while on 

the intervention?  

4. What were the most helpful and the least helpful components of 

the intervention?  

5. How did you like the physical activity information provided?  

6. What was your experiences about the text messages?  

-Follow up; what are some of the things you find most 

valuable/useful for you? And what things have you found not find 

valuable/useful?  

7. Can you tell me about your experiences of using the SEMA app?  

8. How has the program influenced your sleep habits? 

9. How has the program influenced your sitting habits? 

10. On the scale of 1-10, where 1 is not at all, and 10 is 

extremely confident. How competent do you feel to carry on 

being physically active after the programme has ended?  

11. Have you used the Mi band you received as an incentive after 

the program? And has it played a role in your PA, sitting and 

sleeping? 

12. Would you recommend this type of intervention for other 

people doing shift work who want to increase the amount of 

physical activity they do – why/why not?  
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 Supplementary table D.2.   

 Content 
 

Action planning 
component 

Notes 

1  

Based on your physical activity measured the 
past weeks, your average moderate physical 
activity is  minutes. The highest steps 

recorded were _____ and this was during shift 
________and lowest ______ on a                   .  
 

Cadence, which is the number of steps per 
minute simply means the speed of walking. Your 
results shows that only ___ minutes of the steps 

were moderate intensity (>100 cadence).  
 
The average sitting time recorded was _ h and 

__ h spent standing. 
 

Assess  

2 Physical activity is important to help prevent 

diseases and increase your energy levels thus 
reducing fatigue. The public health guideline is 
at least 150-300 minutes of moderate activity 

intensity per week.  
Moderate intensity is any activity that produce 
sweat and heavy breathing like a brisk walk. 

When doing vigorous activity, it will be difficult 
to talk. This comes to about 30-60 mins 5 times 
per week.  

 
A walking cadence of 100 steps per minute 
translate to moderate physical activity.    

 
Prolonged sitting and standing are also risk 
factors for impaired health. Shorter periods of 

standing can be beneficial since it allows breaks 
in prolonged sitting but standing for long in the 
same posture can be risk for low back pain. 

So, the aim is to break long periods of standing 
and sitting by doing some activities like 
stretching.  

 

Advise  

3 Now let us agree on a physical activity goal for 
the next month. When we create a goal, we 

want it to be clear and realistic. An example will 
be to increase your walking speed during work 
hours and go to gym or jogs after work or on 

day offs. 

Agree  
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What is a realistic goal for you to improve your 

moderate physical activity? 
 
On a scale of 0-10, where 0 is not at all 

confident or sure and 10 is extremely confident 
or sure. 
 

4 To reach this goal, let’s make a plan. What days 
do you plan to exercise? What time of the day 
do you think you can get to be active/ do leisure 

time activities, considering all your day shifts, 
afternoon shifts, night shifts and even day offs 
schedule? 

How many minutes per session? 
In the long term, after the program what is your 
physical activity goal? 

 

Agree  

5 Now we are going to come up with tips to help 
you achieve your goal. 

If you are not able to reach the goal, you can 
invite family member or friend to help with 
accountability. Let’s identify people that can 

provide that support______ 
 

Assist  

6 There can be other challenges that might stop 

you from reaching your goal. Can you think of 
something that you think will be a barrier 
stopping you from achieving your goal? 

 
Suggest ways on how to overcome the chosen 
barrier.  

 

Assist  

7 During the second cycle we will ask you to wear 
the device that you were wearing on the thigh 

again to compare if there will be an 
improvement. 
 

Arrange  
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Supplementary Table D.3. 

Feasibility and efficacy of a text messaging intervention to improve 
physical activity in shift workers: a pilot randomized trial and process 

evaluation 
 
Examples of text-messages 

 
First text message: Well-done on starting the shift work intervention! Your 
daily average  

MVPA was ** minutes and your goal is to reach *** minutes per day. 
Have a great week! 
 

 

COM-B behaviour change and 
techniques 

Text messages examples 

Psychological capability 
Describe psychological benefits of 
walking and physical activity. 

Physical activity can help you manage stress and 
feel less tired. 
Once you become active, you’re likely to have 

more energy 
than before. 
 

You may not be able to walk 30 minutes a day 
every day but every little bit counts. Start small 
the minutes will add up! 

 
Why not aim for a weekend walk? A 30-minute 
walk is about 3500 steps! :) 

Going for a walk is a great stress reliever! Get 
stepping to keep your heart healthy!  

Social opportunity 

Encourage participants that they 
may share the information and 
walks with other workers and 

family 
 

Today is a great day for a walk! Have you tried 

walking with a friend or family member? 
 
You might want to walk more today. Want to 

suggest a walking meeting with a co-worker? 
 

Physical opportunity 

Physical environment cues to 
engage in physical activity 

Keep on finding opportunities to walk more! Go 

to the mall and walk! 
 
Physical activity doesn’t have to happen in gyms 

only, try walking around your home or 
workplace. 
 

Try walk during a work break, walking can be 
done anywhere. 
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Automatic motivation 

Increasing the desire to walk 

Remember your goal is to walk an average of 

**** minutes per day. How about an early 
morning walk? 
 

Keeping on clocking up those steps. You are on 
track for achieving your goal of **** minutes per 
day! How about adding an evening walk to your 

day?  
 
Walking and talking can be a fun activity. Think 

of someone you know who might want to join 
you for a “walk and talk”. 
 

Reflective Motivation 
Setting goals on increasing steps 
and believing that engaging in 

walks will improve their wellbeing 
 

Great job! You’re working hard to meet your 
goals. Now try 
increasing your time to meet next week’s goal. 

 
You are doing great! You can do it again, park 
further away in parking lots to walk more! 

 
 
 

 
 

 
 

 
 

 

 

 

 




