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Abstract  

Sedentary behaviour refers to postures or activities undertaken during waking hours in a 

sitting or reclined position that require low levels of energy expenditure. In people with 

chronic obstructive pulmonary disease (COPD), increased time spent in sedentary behaviour 

contributes to the risk of mortality and development of cardio-metabolic disease. This chapter 

summarises what we currently know about sedentary behaviour in people with COPD, in 

terms of measuring this domain, total volume and patterns of accumulation during daily life. 

The physiological mechanisms proposed to give rise to the deleterious health consequences 

are provided. This chapter also provides a rationale for the relevance and importance of 

including a reduction in sedentary time as a lifestyle target in this population. Practical 

strategies, informed by behaviour change theory are provided for clinicians to consider when 

working with people to achieve this target.  

 

Key messages 

 People with COPD spend the majority of their waking hours accumulating time in 

sedentary behaviour, which is detrimental to their health. 

 Although clinicians who provide pulmonary rehabilitation programs often encourage 

increased participation in physical activity, especially moderate to vigorous physical 

intensity physical activity, achieving and sustaining this behaviour change by people 

with COPD is rarely seen. 

 Even if following pulmonary rehabilitation, people with COPD do engage in a 30 

minute walk once a day, this is unlikely to counteract adequately the metabolic 

consequences of spending the rest of their waking time in largely sedentary pursuits.  
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 Targeting reductions in sedentary time is an emerging lifestyle goal for people with 

COPD, and consideration should be given to introducing theoretically informed 

approaches to achieve this behaviour change during pulmonary rehabilitation.  
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Sedentary behaviour refers to postures or activities undertaken during waking hours in a 

sitting or reclined position that require low levels of energy expenditure (defined as ≤ 1.5 

metabolic equivalent tasks [METs]) (1). Common examples include watching television (TV), 

reading and activities on the computer. Time spent in these postures or activities is referred to 

as sedentary time and is characterised by skeletal muscle unloading. The domain of sedentary 

time is discrete from inactivity, which is defined as little participation in physical activity (1). 

The possible combinations of sedentary and activity profiles, with examples of behaviours in 

each category are summarised in Table 1. The distinction between these domains is important 

because for some people, reducing sedentary time can be a separate lifestyle goal to 

increasing participation in physical activity.  

 

Since the mid-2000s, it has been well established that people with chronic obstructive 

pulmonary disease (COPD) engage in low levels of physical activity when compared with 

peers of similar age and gender proportion (2, 3). Epidemiological studies have shown that, in 

this population, low levels of physical activity influence important disease outcomes such as 

risk of hospitalisation and mortality (4). These data have sparked an interest in investigating 

strategies to increase participation in physical activity by people with COPD. The results of 

these studies have been at best, modest (5). Most notably, pulmonary rehabilitation, which is 

known to reduce symptoms of dyspnoea and fatigue as well as increase exercise tolerance (6) 

does little to change participation in daily physical activity (5, 7). After more than a decade of 

work in this area, we now understand that increasing participation in physical activity in this 

population is very challenging and is likely to require a multimodal, long-term and 

interdisciplinary approach.  
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Although our energy expenditure during waking time can fluctuate from that associated with 

sedentary time (i.e. very low), to that required during vigorous intensity physical activity (i.e. 

very high) (8), in both health and disease, there has been a focus on the health benefits 

associated with participation in moderate to vigorous intensity physical activity (MVPA) (9). 

Numerous public health campaigns promote the importance of adults accumulating at least 

150 minutes each week of MVPA. The primary focus on promoting MVPA is surprising as 

participation in the amount of physical activity recommended to produce health benefits (e.g. 

about 30 minutes per day) will equate to < 5% of their waking hours (8). In many populations, 

especially adults living with a chronic condition such as COPD, the rest of the day is spent in 

low energy expenditure pursuits, which includes a large amount of sedentary time (10-12). 

We now understand that this ubiquitous accumulation of sedentary time has detrimental 

health consequences. Even if we are able to increase the participation in MVPA by people 

with COPD, a 30 minute walk once a day is unlikely to counteract adequately the metabolic 

consequences of spending the rest of their waking time in largely sedentary pursuits (13).  

 

What do we know about sedentary time in people with COPD? 

Sedentary time in COPD has been measured using both self-report methods (i.e. 

questionnaires/diaries) and activity monitors (i.e. device-measured). A systematic review and 

synthesis of ten studies that compared self-report and device-based methods indicated that the 

median time people with COPD spend sitting during waking hours is roughly 359 minutes per 

day (range 269 to 390 minutes per day) (14). As self-report measures tend to underestimate 

sedentary time (15, 16), the next section will specifically focus on device-measured sedentary 

time in people with COPD. 
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There have been several studies around the world which have reported on device-measured 

sedentary time in people with COPD (2, 11, 17-25). Absolute sedentary time has varied from 

approximately 434 to 763 minutes per day. This large variation is most likely related to two 

main measurement issues. First, activity monitors can be worn on different parts of the body 

and use different sources of information to derive their measure of sedentary time. Some 

activity monitors determine sedentary time based on a set level of activity counts (e.g. 

Actigraph wGT3X-BT reports vector magnitude counts of <2000 per minute as sedentary 

time) or levels of energy expenditure (e.g. SenseWear Armband reports time spent at ≤1.5 

METs as sedentary time), whereas others sample acceleration data combined with body 

position (e.g. activPAL, waist-worn Dynaport Activity Monitor with leg sensor). The latter 

devices are often regarded as the gold standard as body position needs to be considered when 

classifying behaviour as sedentary (1).  

 

Second, the time over which the activity monitors were worn differed considerably with the 

majority of early studies in COPD measuring sedentary time for 12-hours after waking in the 

morning (2, 17-19, 26), whereas recent work has focused on 24-hour wear time. Importantly, 

as sleep is distinct from sedentary behaviour, studies which ask their participants to wear 

activity monitors for 24 hours must describe how they excluded overnight sleep time from the 

measurement of sedentary time (11, 22). Unsurprisingly, the reported absolute sedentary time 

in studies with the 12-hour wear time protocol have been smaller (approximately 434 to 487 

minutes per day) (2, 19) than those using a 24-hour wear time protocol (approximately 676 to 

763 minutes per day) (11, 22). To account for differences in wear time, sedentary time is 

often reported as a percentage of waking wear time, and ranges from 58% to 72% of waking 

wear time in people with COPD. Even after expressing sedentary time as a percentage of wear 

time, it may still be more accurate to use a 24-hour wear time protocol as a recent population-
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based study in Belgium on older adults indicated that those aged ≥65 years are least sedentary 

in the morning and accumulate most of their sedentary time in the evenings (27); data which 

would be missed using a 12-hour wear time protocol. 

 

Several studies have compared sedentary time in people with COPD to a comparator group of 

healthy peers (2, 20-23, 25, 26). Briefly, the participants with COPD spent, on average, more 

time in sedentary behaviours than their healthy counterparts. Of note, when comparing 

sedentary time between people with COPD and their resident loved-ones, this greater 

accumulation of sedentary time occurred despite both groups having relatively similar 

motivation to exercise (28). More complex analysis of the frequency and duration of 

sedentary bouts provides insight into the way in which sedentary time is accumulated. One 

study in COPD has reported that when all bouts >1 minute were considered during the 

analysis, 40% of these bouts were spent in sedentary time, 46% were spent in light intensity 

physical activity (LIPA) and only 14% were spent in MVPA (24). The median bout duration 

for sedentary time was considerably longer than those for both LIPA and MVPA, being 7, 3 

and 2 minutes, respectively (24).  

 

 

What are the health consequences of sedentary behaviour in health and people with 

COPD? 

Substantial evidence exists on the effects of sedentary time on various health outcomes. One 

review of studies undertaken in the general adult population concluded that sedentary time 

was associated with a greater risk of developing cardiovascular disease, cancer and type 2 

diabetes and morality associated with cardiovascular disease, cancer and from all causes (29). 

It is important to note that several of the studies included these reviews used TV viewing time 

as a surrogate of total sedentary time (29). This has been the source of some debate as TV 
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viewing time may be confounded by other factors such as snacking, poor socioeconomic 

factors and mental health factors which will also contribute to poor health outcomes (30). 

More recent prospective studies where direct sitting time has been measured suggests no 

association with diabetes (31, 32) so further studies are still required to understand fully the 

context of sitting to poor health outcomes in the general adult population. Although it appears 

that the risk of poor health outcomes associated with prolonged sedentary time can be offset 

by engaging in very high levels of physical activity (i.e. 60 to 75 minutes of moderate 

intensity physical activity per day) (29, 33), this finding is of little relevance to people with 

COPD who rarely engage in this volume of physical activity. 

 

There are data in the general population to show that the way in which sedentary time is 

accumulated also contributes to health risk. Data from both Australia (34) and the America 

(35) have shown that, independent of total sedentary time, when compared accumulating 

sedentary time in shorter bouts, the accumulation sedentary time in prolonged uninterrupted 

bouts is associated with higher cardio-metabolic risk factors such as increased waist 

circumference and fasting plasma glucose. Nevertheless, the finer details, such as how often 

and for how long people should break up sedentary time to ameliorate this increased risk, are 

not yet known.  

 

Evidence of the deleterious effects of sedentary time are now emerging in people with COPD. 

Sedentary time appears to have similar consequences in terms of the development of cardio-

metabolic risk factors and diabetes and both all-cause and COPD-related mortality (36-38). 

The relationship between TV viewing time and COPD-related mortality has only been 

evaluated in one study (37). Results indicated that Japanese men who watched TV for four or 

more hours per day were 1.64 times more likely to die of COPD compared to those who 
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watched TV for less than two hours per day (37). Two studies in people with COPD reported 

device-measured sedentary time (36, 38) with one study (38) showing a four times higher risk 

of mortality in people with COPD who spent more than 8.5 hours per day being sedentary and 

the other study (36) reporting a positive association of sedentary time with metabolic 

variables such as waist circumference and glucose levels. There has also been preliminary 

evidence to suggest that greater sedentary time in people with COPD is associated with more 

severe disease (39, 40) and poorer perceived health including mental health (40).   

 

What is the physiological basis for sedentary behaviour being harmful? 

The way in which sedentary time increases the risk of cardio-metabolic risk is likely to be 

distinct from the way in which participation in MVPA reduces cardio-metabolic risk. 

Epidemiological data shows the risks associated with too much sitting often hold true when 

adjusted for low to moderate time spent in MVPA (41, 42). The most well-established 

mechanism for the reduction in cardio-metabolic risk associated with MVPA is flow-

mediated improvements in endothelial function (43). This adaptation appears to be dependent 

on the intensity of physical activity with LIPA having minimal effect (43, 44). In contrast, too 

much sitting impairs the metabolism of skeletal muscle to utilise triglycerides and glucose 

(45). This is because a loss of muscle contraction results in a dramatic loss of skeletal muscle 

lipoprotein lipase activity, which reduces the capacity of skeletal muscle to siphon off and use 

triglycerides for energy and impairs glucose uptake (45). Lipoprotein lipase is also involved 

in anti-inflammatory processes and has been linked to the signalling for mitochondrial 

biogenesis (13). In people with COPD, sedentary time, when expressed relative to the time 

spent in moderate intensity activity was strongly correlated with gene expression involved in 

signalling pathways for oxidative stress, inflammation and aging (12) and contributes to 

cardio-metabolic risk (46). It follows that if high sedentary time is hazardous to our health, 
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then frequent muscular loading is likely to be beneficial to our health (13). Indeed, data from 

both animal and human studies, markers of impaired skeletal muscle metabolism, induced by 

too much sitting, have been ameliorated by participation in LIPA (45, 47, 48). When people 

with COPD do engage in physical activity, it is almost exclusively LIPA (11), which appears 

to have health benefits in this population (49). 

 

Considerations when applying an intervention to reduce sedentary time in COPD 

Implementing interventions that aim to reduce sedentary time seems to be a particularly 

pragmatic option for people with COPD. That is, people with COPD have a high prevalence 

of both cardiovascular and metabolic disease when compared with their peers (50, 51). 

Further, as many people with COPD, particularly those with advanced disease and /or 

multiple co-morbid conditions are unable to participate in sufficient intensity or duration of 

physical activity to reduce the risk of developing cardiovascular or metabolic diseases, 

focusing on substituting sedentary time for participation in LIPA should be considered as a 

realistic lifestyle target (8). It is also likely to be a more realistic option in those experiencing 

or recovering from severe dyspnoea during an acute exacerbation (52).  

 

People with COPD who accumulate long periods of sedentary time are characterised by worse 

spirometric measures of lung function (12), a higher number of exacerbations in the previous 

12 months, lower exercise capacity and less autonomous motivation, use of long term oxygen 

therapy and are more likely to live with a partner (53). The characteristics of those with 

COPD who participate in low levels of physical activity have been reported to be co-morbid 

conditions, worse COPD Assessment Tool (CAT) and body-mass index, obstruction, 

dyspnoea and exercise capacity (BODE) scores, greater functional limitation resulting from 

dyspnoea and more likely to live with a loved one who engaged in very little physical activity 
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(28, 54, 55). It seems that people with moderate to severe COPD also have a fear of 

movement (i.e. kinesiophobia), which is strongly associated with their perception of dyspnoea 

(56). It is likely that such issues will need to be considered when planning an intervention to 

reduce sedentary time in people with COPD. 

 

Although there are several studies that have explored the effect of an intervention on physical 

activity in COPD (5), studies reporting the effect of interventions on sedentary time are 

sparse. Most studies in this area have focused on generic interventions such as pulmonary 

rehabilitation or have targeted increases on physical activity rather than specifically targeting 

reductions in sedentary time as a discrete lifestyle goal. Studies which explore the effect of 

rehabilitation have offered little promise in producing changes in physical activity (5, 7) and 

therefore, unsurprisingly, the impact on sedentary time has also been, at best, equivocal (11, 

23). Those more likely to demonstrate a change in their sedentary time or show increased 

participation in LIPA following a program of exercise training have better exercise-specific 

self-efficacy (10, 57), exercise tolerance (23) or have received a specific behaviour change 

intervention (58, 59). As with other forms of rehabilitation applied during or immediately 

following an acute exacerbation (60), attempts to reduce sedentary time appear to the 

thwarted by limited adherence and engagement (61).   

 

Although current clinical practice guidelines for the management of people with COPD 

provide no information regarding approaches to minimise sedentary time (62), data exists to 

guide clinical practice. First, a review of studies in non-clinical populations (i.e. mainly office 

workers) reported that the behaviour change techniques which offered the most promise in 

terms of successfully changing sedentary time included; education, persuasion, problem 

solving, goal setting, review of behavioural goals, feedback and self-monitoring behaviour, 
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social support, information on health consequences, prompts / cues, behaviour substation, 

restructuring the social environment (63). The use of wearable technology to assist with goal 

setting, self-monitoring and the provision of prompts or cues is a growing area of interest (64) 

and seems to be well-accepted and feasible in most people with COPD (65). Second, a meta-

analysis of randomised controlled trials undertaken in an adult population (mainly overweight 

and obese) that explored the effect of interventions on sedentary time revealed greater change 

in those studies which had a clear intervention message targeting sedentary time as a separate 

construct from physical activity (66). This suggests the specificity of the intervention message 

may be important. Finally, a Delphi study has been conducted in which experts in COPD and 

people with the condition were asked about approaches that would be considered important 

when attempting to reduce sedentary time (67). Consensus was reached on the following 

approaches likely to be important; management of dyspnoea and fear of dyspnoea, addressing 

low motivation, optimising self-efficacy for symptom management and behaviour change, 

goal setting, education, exercise training, management of co-morbid conditions and social 

support (67). 

 

Targeting sedentary behaviour constitutes a paradigm shift from the traditional messages 

pertaining to increasing participation in MVPA. It involves conceptualising activity as 

frequent, brief ‘boluses’ or ‘snacks’ of skeletal muscle loading (13). Participation in LIPA 

boluses (e.g. slow walking) appears to offer a similar effect as moderate intensity physical 

activity (e.g. brisk walking) on improving postprandial metabolism (47). Although 

speculative, it is possible that targeting reductions in sedentary time, especially sedentary time 

that is accumulated in prolonged uninterrupted bouts, through encouraging boluses of LIPA 

may assist to maintain the gains achieved following pulmonary rehabilitation. Studies 
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specifically targeting reductions in sedentary time in people with COPD are now emerging 

(61, 68).  

 

A behavioural science approach to sedentarism in COPD 

Given the complexities of sedentary behaviour and its pattern of accumulation, both 

intentional and unintentional, across numerous life contexts (e.g. transportation, leisure), it is 

essential to take a multifactorial approach to understanding key determinants across multiple 

ecological levels (e.g. home, social, community) (69). An interdisciplinary approach that is 

informed by theories and approaches to behaviour change offers the most viable way to 

address the behavioural target of breaking up and reducing sedentary time (70). The 

behaviour change wheel is a widely employed framework for the design of evidence-based 

and theory-informed interventions because it provides a systematic and comprehensive 

approach to identifying the sources of behaviour that need to be addressed to effect behaviour 

change, intervention functions that can be used to foster change, and policy categories that 

can support efforts to effect change (71). In essence, people need the capability, opportunity, 

and motivation to perform a specific behaviour, and any combination of these components of 

the behaviour system may serve as targets for intervention. Theories of behaviour change (e.g. 

beliefs about capabilities) and associated constructs (e.g. self-efficacy, self-esteem) offer 

additional granularity and guidance on these key determinants, particularly in terms of salient 

barriers and enablers (72). An understanding of how to effect behaviour change is provided 

via consideration of nine intervention functions and 93 behaviour change techniques. For 

example, limited knowledge of the health risks of high levels of sitting (psychological 

capability) might require that individuals be provided with this knowledge (theoretical 

domain) via education (intervention function) about the health consequences of a behaviour 

(behaviour change technique) (73, 74). Finally, seven broad policy categories can be used to 
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support the delivery of the interventions (e.g. fiscal, legislation, regulations). A visual 

depiction of the behaviour change wheel is provided in Figure 1.  

 

The behaviour change wheel provides coherence and structure for professionals interested in 

behaviour change and maintenance via an 8-step process. Cavalheri et al. (75) detailed a 

hypothetical case example of this process for reducing sedentary time among people with 

COPD. From a research perspective, only one study has applied the 8-step process 

encompassed by the behaviour change wheel to develop interventions for people with COPD, 

namely early pulmonary rehabilitation and activity after exacerbations (76), though 

components of the behaviour change wheel have informed others (e.g. combination of self-

initiated action plans and nurse support (77)). Nevertheless, there exist numerous examples of 

the application of the 8-step approach of the behaviour change wheel for intervention 

development with other clinical conditions (78) and in the general population (e.g. reduce 

sitting time among office-based workers (74); uptake and attendance at National Health 

Service stop smoking services (79)). Researchers are advised to consult such examples for 

inspiration as to how the behaviour change wheel can be applied or adapted to suit their goals 

in pulmonary rehabilitation.  

 

Clinicians can also utilise the behaviour change wheel to guide processes that can inform the 

development of individualised and pragmatic strategies that can be deployed to achieve 

personalised goals related to breaking up and/or reducing sitting time. Engaging end-users 

(i.e. people with COPD) in the decision-making process is essential in this regard, particularly 

with regard to selecting and specifying the target behaviour, and identifying what needs to 

change for the behaviour to occur. Cox and colleagues (76) provided excellent examples of 

questions that can be adapted to guide discussions with people with COPD to understand their 
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capability (e.g. What do you know about sedentary behaviour? How do you feel after standing 

up after sitting for prolonged periods?), opportunity (e.g. What support do you have from 

your partner to break up sedentary time by standing up for 30 sec every 30 min? How can you 

use your home environment or change it in any way to help you stand up regularly?), and 

motivation (e.g. How confident are you that you can stand up every 30 min? How can you 

reward yourself when you stand up to break up a sedentary period?) to engage in behaviours 

that break up and/or reduce their sedentary time. People with COPD can also be engaged via 

conversation to identify personalised strategies. In the effective Stand Up Victoria trial of a 

workplace intervention to reduce sitting time among desk-based workers (80), for example, 

participants generated strategies with the assistance of a health coach where they could stand 

up, sit less, and move more in ways that aligned with their preferences, job role, and work 

environment. Common strategies identified related to phone activities (e.g. stand when they 

completed a phone call), work tasks (e.g. walking to colleague for a face-to-face conversation 

rather than using email), bodily sensations (e.g. stand when you feel tired or uncomfortable), 

work environment (e.g. using stairs instead of the elevator), work structure (e.g. walking 

during lunch breaks), social dimensions (e.g. stand when you see someone else stand), 

transport and commuting (e.g. parking car further away from the office), and prompts (e.g. 

using a clock, stopwatch, or alarm). A similar approach has been adopted in a recent 

(unpublished) study people with COPD (68). Table 2 presents a worked example of the 8-step 

behaviour change process that targets clinicians who run pulmonary rehabilitation programs. 

In this example, the target behaviour to be addressed is one of inadequate delivery of advice 

(by the clinicians) to people with COPD who attend pulmonary rehabilitation regarding 

selecting a reduction in sedentary time as a lifestyle target. 

 

Summary and conclusions 
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In both health and disease, to reduce the risk of developing cardiovascular disease, there has 

been a focus on increasing participation in physical activity, especially MVPA. However, in 

people with COPD, over a decade of research has shown that achieving sustained increases in 

MVPA following completion of a pulmonary rehabilitation program, is very unlikely. Even in 

people who do engage in the recommended volume of MVPA to reduce the risk of 

cardiovascular disease, this accounts for a small proportion of waking hours and is unlikely to 

offer protection from the risk associated with accumulating high amounts of sedentary time. 

In the general population, the health consequences of prolonged sedentary time are well 

established. Preliminary, but convincing data are emerging that demonstrate similar health 

consequences in people with COPD. This calls for consideration of alternative, pragmatic and 

achievable lifestyle targets, such as reducing sedentary time and increasing participation in 

LIPA. Although there are currently no evidence-based guidelines to support the 

implementation of a behaviour change process to address sedentary time in people with 

COPD, clinicians can be guided by earlier work in this area, such as; (i) strategies that have 

been effective in non-clinical populations, (ii) the recent Delphi study that presents 

approaches that are considered to be important by clinicians and patients when attempting to 

reduce sedentary time (67) and (iii) worked examples that have been shaped by change 

theory.  

  



17 
 

References 

1. Sedentary Behaviour Research Network. Letter to the editor: standardized use of the 

terms 'sedentary' and 'sedentary behaviours'. Appl Physiol Nutr Metab. 2012;37:540-2. 

2. Pitta F, Troosters T, Spruit MA, Probst VS, Decramer M, Gosselink R. Characteristics 

of physical activities in daily life in chronic obstructive pulmonary disease. Am J Respir Crit 

Care Med. 2005;171:972-7. 

3. Vorrink SN, Kort HS, Troosters T, Lammers JW. Level of daily physical activity in 

individuals with COPD compared with healthy controls. Respir Res. 2011;12:33. 

4. Garcia-Aymerich J, Lange P, Benet M, Schnohr P, Anto JM. Regular physical activity 

reduces hospital admission and mortality in chronic obstructive pulmonary disease: a 

population based cohort study. Thorax. 2006;61:772-8. 

5. Mantoani LC, Rubio N, McKinstry B, MacNee W, Rabinovich RA. Interventions to 

modify physical activity in patients with COPD: a systematic review. Eur Respir J. 

2016;48:69-81. 

6. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. Pulmonary 

rehabilitation for chronic obstructive pulmonary disease. Cochrane Database Syst Rev. 

2015;2:CD003793. 

7. Cindy Ng LW, Mackney J, Jenkins S, Hill K. Does exercise training change physical 

activity in people with COPD? A systematic review and meta-analysis. Chron Respir Dis. 

2012;9:17-26. 

8. Hill K, Gardiner PA, Cavalheri V, Jenkins S, Healy GN. Physical activity and 

sedentary behaviour: applying lessons to chronic obstructive pulmonary disease. Intern Med 

J. 2015;45:474-82. 

9. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, et al. 

American College of Sports Medicine position stand. Quantity and quality of exercise for 



18 
 

developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in 

apparently healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc. 

2011;43:1334-59. 

10. Larson JL, Covey MK, Kapella MC, Alex CG, McAuley E. Self-efficacy enhancing 

intervention increases light physical activity in people with chronic obstructive pulmonary 

disease. Int J Chron Obstruct Pulmon Dis. 2014;9:1081-90. 

11. Wootton SL, Hill K, Alison JA, Ng LWC, Jenkins S, Eastwood PR, et al. Effects of 

ground-based walking training on daily physical activity in people with COPD: A randomised 

controlled trial. Respir Med. 2017;132:139-45. 

12. Taka C, Hayashi R, Shimokawa K, Tokui K, Okazawa S, Kambara K, et al. SIRT1 

and FOXO1 mRNA expression in PBMC correlates to physical activity in COPD patients. Int 

J Chron Obstruct Pulmon Dis. 2017;12:3237-44. 

13. Hamilton MT. The role of skeletal muscle contractile duration throughout the whole 

day: reducing sedentary time and promoting universal physical activity in all people. J 

Physiol. 2017;2018:596. 

14. Hunt T, Madigan S, Williams MT, Olds TS. Use of time in people with chronic 

obstructive pulmonary disease--a systematic review. Int J Chron Obstruct Pulmon Dis. 

2014;9:1377-88. 

15. Harvey JA, Chastin SF, Skelton DA. How sedentary are older people? A systematic 

review of the amount of sedentary behavior. J Aging Phys Act. 2015;23:471-87. 

16. Chastin SFM, Dontje ML, Skelton DA, Cukic I, Shaw RJ, Gill JMR, et al. Systematic 

comparative validation of self-report measures of sedentary time against an objective measure 

of postural sitting (activPAL). Int J Behav Nutr Phys Act. 2018;15:21. 



19 
 

17. Pitta F, Breyer MK, Hernandes NA, Teixeira D, Sant'Anna TJ, Fontana AD, et al. 

Comparison of daily physical activity between COPD patients from Central Europe and South 

America. Respir Med. 2009;103:421-6. 

18. Breyer MK, Breyer-Kohansal R, Funk GC, Dornhofer N, Spruit MA, Wouters EF, et 

al. Nordic walking improves daily physical activities in COPD: a randomised controlled trial. 

Respir Res. 2010;11:112. 

19. HajGhanbari B, Garland SJ, Road JD, Reid WD. Pain and physical performance in 

people with COPD. Respir Med. 2013;107:1692-9. 

20. Kawagoshi A, Kiyokawa N, Sugawara K, Takahashi H, Sakata S, Miura S, et al. 

Quantitative assessment of walking time and postural change in patients with COPD using a 

new triaxial accelerometer system. Int J Chron Obstruct Pulmon Dis. 2013;8:397-404. 

21. Park SK, Richardson CR, Holleman RG, Larson JL. Physical activity in people with 

COPD, using the National Health and Nutrition Evaluation Survey dataset (2003-2006). 

Heart Lung. 2013;42:235-40. 

22. McNamara RJ, McKeough ZJ, McKenzie DK, Alison JA. Physical comorbidities 

affect physical activity in chronic obstructive pulmonary disease: a prospective cohort study. 

Respirology. 2014;19:866-72. 

23. Mesquita R, Meijer K, Pitta F, Azcuna H, Goertz YMJ, Essers JMN, et al. Changes in 

physical activity and sedentary behaviour following pulmonary rehabilitation in patients with 

COPD. Respir Med. 2017;126:122-9. 

24. Schneider LP, Furlanetto KC, Rodrigues A, Lopes JR, Hernandes NA, Pitta F. 

Sedentary behaviour and physical inactivity in patients with chronic obstructive pulmonary 

disease: two sides of the same coin? COPD. 2018;15:432-8. 



20 
 

25. Orme MW, Steiner MC, Morgan MD, Kingsnorth AP, Esliger DW, Singh SJ, et al. 

24-hour accelerometry in COPD: Exploring physical activity, sedentary behavior, sleep and 

clinical characteristics. Int J Chron Obstruct Pulmon Dis. 2019;14:419-30. 

26. Hernandes NA, Teixeira Dde C, Probst VS, Brunetto AF, Ramos EM, Pitta F. Profile 

of the level of physical activity in the daily lives of patients with COPD in Brazil. Braz J Phys 

Ther. 2009;35:949-56. 

27. Van Cauwenberg J, Van Holle V, De Bourdeaudhuij I, Owen N, Deforche B. Diurnal 

patterns and correlates of older adults' sedentary behavior. PLoS One. 2015;10:e0133175. 

28. Mesquita R, Nakken N, Janssen DJA, van den Bogaart EHA, Delbressine JML, Essers 

JMN, et al. Activity levels and exercise motivation in patients with COPD and their resident 

loved ones. Chest. 2017;151:1028-38. 

29. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. Sedentary 

time and its association with risk for disease incidence, mortality, and hospitalization in 

adults: a systematic review and meta-analysis. Ann Intern Med. 2015;162:123-32. 

30. Stamatakis E, Ekelund U, Ding D, Hamer M, Bauman AE, Lee IM. Is the time right 

for quantitative public health guidelines on sitting? A narrative review of sedentary behaviour 

research paradigms and findings. Br J Sports Med. 2019;53:377-82. 

31. Bao W, Tobias DK, Bowers K, Chavarro J, Vaag A, Grunnet LG, et al. Physical 

activity and sedentary behaviors associated with risk of progression from gestational diabetes 

mellitus to type 2 diabetes mellitus: a prospective cohort study. JAMA Intern Med. 

2014;174:1047-55. 

32. Stamatakis E, Pulsford RM, Brunner EJ, Britton AR, Bauman AE, Biddle SJ, et al. 

Sitting behaviour is not associated with incident diabetes over 13 years: the Whitehall II 

cohort study. Br J Sports Med. 2017;51:818-23. 



21 
 

33. Ekelund U, Brown WJ, Steene-Johannessen J, Fagerland MW, Owen N, Powell KE, et 

al. Do the associations of sedentary behaviour with cardiovascular disease mortality and 

cancer mortality differ by physical activity level? A systematic review and harmonised meta-

analysis of data from 850 060 participants. Br J Sports Med. 2018. 

34. Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. Breaks in 

sedentary time: beneficial associations with metabolic risk. Diabetes Care. 2008;31:661-6. 

35. Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary time and 

cardio-metabolic biomarkers in US adults: NHANES 2003-06. Eur Heart J. 2011;32:590-7. 

36. Park SK, Larson JL. The relationship between physical activity and metabolic 

syndrome in people with chronic obstructive pulmonary disease. J Cardiovasc Nurs. 

2014;29:499-507. 

37. Ukawa S, Tamakoshi A, Yatsuya H, Yamagishi K, Ando M, Iso H. Association 

between average daily television viewing time and chronic obstructive pulmonary disease-

related mortality: findings from the Japan collaborative cohort study. J Epidemiol. 

2015;25:431-6. 

38. Furlanetto KC, Donaria L, Schneider LP, Lopes JR, Ribeiro M, Fernandes KB, et al. 

Sedentary behavior is an independent predictor of mortality in subjects with COPD. Respir 

Care. 2017;62:579-87. 

39. Hunt T, Williams MT, Olds TS, Dumuid D. Patterns of time use across the chronic 

obstructive pulmonary disease severity spectrum. Int J Environ Res Public Health. 

2018;15(3). 

40. Dogra S, Good J, Buman MP, Gardiner PA, Copeland JL, Stickland MK. Physical 

activity and sedentary time are related to clinically relevant health outcomes among adults 

with obstructive lung disease. BMC Pulm Med. 2018;18(1):98. 



22 
 

41. Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, Zimmet PZ, et al. 

Objectively measured sedentary time, physical activity, and metabolic risk: the Australian 

Diabetes, Obesity and Lifestyle Study (AusDiab). Diabetes Care. 2008;31:369-71. 

42. Dunstan DW, Barr EL, Healy GN, Salmon J, Shaw JE, Balkau B, et al. Television 

viewing time and mortality: the Australian Diabetes, Obesity and Lifestyle Study (AusDiab). 

Circulation. 2010;121:384-91. 

43. Ashor AW, Lara J, Siervo M, Celis-Morales C, Oggioni C, Jakovljevic DG, et al. 

Exercise modalities and endothelial function: a systematic review and dose-response meta-

analysis of randomized controlled trials. Sports Med. 2015;45:279-96. 

44. Goto C, Higashi Y, Kimura M, Noma K, Hara K, Nakagawa K, et al. Effect of 

different intensities of exercise on endothelium-dependent vasodilation in humans: role of 

endothelium-dependent nitric oxide and oxidative stress. Circulation. 2003;108:530-5. 

45. Bey L, Akunuri N, Zhao P, Hoffman EP, Hamilton DG, Hamilton MT. Patterns of 

global gene expression in rat skeletal muscle during unloading and low-intensity ambulatory 

activity. Physiol Genomics. 2003;13:157-67. 

46. O'Keefe JH, Bell DS. Postprandial hyperglycemia/hyperlipidemia (postprandial 

dysmetabolism) is a cardiovascular risk factor. Am J Cardiol. 2007;100:899-904. 

47. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al. 

Breaking up prolonged sitting reduces postprandial glucose and insulin responses. Diabetes 

Care. 2012;35:976-83. 

48. Bailey DP, Locke CD. Breaking up prolonged sitting with light-intensity walking 

improves postprandial glycemia, but breaking up sitting with standing does not. J Sci Med 

Sport. 2015;18:294-8. 



23 
 

49. Donaire-Gonzalez D, Gimeno-Santos E, Balcells E, de Batlle J, Ramon MA, 

Rodriguez E, et al. Benefits of physical activity on COPD hospitalisation depend on intensity. 

Eur Respir J. 2015. 

50. Sin DD, Man SF. Impact of cancers and cardiovascular diseases in chronic obstructive 

pulmonary disease. Curr Opin Pulm Med. 2008;14:115-21. 

51. Machado FVC, Pitta F, Hernandes NA, Bertolini GL. Physiopathological relationship 

between chronic obstructive pulmonary disease and insulin resistance. Endocrine. 

2018;61:17-22. 

52. Parker CM, Voduc N, Aaron SD, Webb KA, O'Donnell DE. Physiological changes 

during symptom recovery from moderate exacerbations of COPD. Eur Respir J. 2005;26:420-

8. 

53. Hartman JE, Boezen HM, de Greef MH, Ten Hacken NH. Physical and psychosocial 

factors associated with physical activity in patients with chronic obstructive pulmonary 

disease. Arch Phys Med Rehabil. 2013;94:2396-402.e7. 

54. Ramon MA, Esquinas C, Barrecheguren M, Pleguezuelos E, Molina J, Quintano JA, et 

al. Self-reported daily walking time in COPD: relationship with relevant clinical and 

functional characteristics. Int J Chron Obstruct Pulmon Dis. 2017;12:1173-81. 

55. Munari AB, Gulart AA, Dos Santos K, Venancio RS, Karloh M, Mayer AF. Modified 

Medical Research Council Dyspnea Scale in GOLD classification better reflects physical 

activities of daily living. Respir Care. 2018;63:77-85. 

56. Vardar-Yagli N, Calik-Kutukcu E, Saglam M, Inal-Ince D, Arikan H, Coplu L. The 

relationship between fear of movement, pain and fatigue severity, dyspnea level and 

comorbidities in patients with chronic obstructive pulmonary disease. Disabil Rehabil. 

2018:1-5. 



24 
 

57. Liacos A, McDonald CF, Mahal A, Hill CJ, Lee AL, Burge AT, et al. The pulmonary 

rehabilitation adapted index of self-efficacy (PRAISE) tool predicts reduction in sedentary 

time following pulmonary rehabilitation in people with chronic obstructive pulmonary disease 

(COPD). Physiotherapy. 2019;105:90-7. 

58. Cruz J, Brooks D, Marques A. Walk2Bactive: A randomised controlled trial of a 

physical activity-focused behavioural intervention beyond pulmonary rehabilitation in chronic 

obstructive pulmonary disease. Chron Respir Dis. 2016;13:57-66. 

59. Coultas DB, Jackson BE, Russo R, Peoples J, Singh KP, Sloan J, et al. Home-based 

physical activity coaching, physical activity, and health care utilization in chronic obstructive 

pulmonary disease. Chronic obstructive pulmonary disease self-management activation 

research trial secondary outcomes. Ann Am Thorac Soc. 2018;15:470-8. 

60. Man WD, Puhan MA, Harrison SL, Jordan RE, Quint JK, Singh SJ. Pulmonary 

rehabilitation and severe exacerbations of COPD: solution or white elephant? ERJ Open Res. 

2015;1(2). 

61. Orme MW, Weedon AE, Saukko PM, Esliger DW, Morgan MD, Steiner MC, et al. 

Findings of the chronic obstructive pulmonary disease-sitting and exacerbations trial (COPD-

SEAT) in reducing sedentary time using wearable and mobile technologies with educational 

support: randomized controlled feasibility trial. JMIR Mhealth Uhealth. 2018;6:e84. 

62. Lewthwaite H, Effing TW, Olds T, Williams MT. Physical activity, sedentary 

behaviour and sleep in COPD guidelines: A systematic review. Chron Respir Dis. 

2017;14:231-44. 

63. Gardner B, Smith L, Lorencatto F, Hamer M, Biddle SJ. How to reduce sitting time? 

A review of behaviour change strategies used in sedentary behaviour reduction interventions 

among adults. Health Psychol Rev. 2016;10:89-112. 



25 
 

64. Strath SJ, Rowley TW. Wearables for promoting physical activity. Clin Chem. 

2018;64:53-63. 

65. Loeckx M, Rabinovich RA, Demeyer H, Louvaris Z, Tanner R, Rubio N, et al. 

Smartphone-based physical activity telecoaching in chronic obstructive pulmonary disease: 

mixed-methods study on patient experiences and lessons for implementation. JMIR Mhealth 

Uhealth. 2018;6:e200. 

66. Martin A, Fitzsimons C, Jepson R, Saunders DH, van der Ploeg HP, Teixeira PJ, et al. 

Interventions with potential to reduce sedentary time in adults: systematic review and meta-

analysis. Br J Sports Med. 2015;49:1056-63. 

67. Lewthwaite H, Effing TW, Lenferink A, Olds T, Williams MT. Improving physical 

activity, sedentary behaviour and sleep in COPD: perspectives of people with COPD and 

experts via a Delphi approach. PeerJ. 2018;6:e4604. 

68. Cheng SWM, Alison J, Dennis S, Stamatakis E, Spencer L, McNamara R, et al. A 

behaviour change intervention to reduce sedentary time in people with chronic obstructive 

pulmonary disease: protocol for a randomised controlled trial. J Physiother. 2017;63:182. 

69. Chastin SF, De Craemer M, Lien N, Bernaards C, Buck C, Oppert JM, et al. The SOS-

framework (Systems of Sedentary behaviours): an international transdisciplinary consensus 

framework for the study of determinants, research priorities and policy on sedentary 

behaviour across the life course: a DEDIPAC-study. Int J Behav Nutr Phys Act. 2016;13:83. 

70. Chu AH, Ng SH, Tan CS, Win AM, Koh D, Muller-Riemenschneider F. A systematic 

review and meta-analysis of workplace intervention strategies to reduce sedentary time in 

white-collar workers. Obes Rev. 2016;17:467-81. 

71. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for 

characterising and designing behaviour change interventions. Implement Sci. 2011;6:42. 



26 
 

72. Cane J, O'Connor D, Michie S. Validation of the theoretical domains framework for 

use in behaviour change and implementation research. Implement Sci. 2012;7:37. 

73. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The 

behavior change technique taxonomy (v1) of 93 hierarchically clustered techniques: building 

an international consensus for the reporting of behavior change interventions. Ann Behav 

Med. 2013;46:81-95. 

74. Munir F, Biddle SJH, Davies MJ, Dunstan D, Esliger D, Gray LJ, et al. Stand More 

AT Work (SMArT Work): using the behaviour change wheel to develop an intervention to 

reduce sitting time in the workplace. BMC Public Health. 2018;18:319. 

75. Cavalheri VS, L. Gucciardi D. Gardiner, P. Hill, K. Changing physical activity and 

sedentary behaviour in people with chronic obstructive pulmonary disease. Respirology. 

2016;21:419-26. 

76. Cox M, O'Connor C, Biggs K, Hind D, Bortolami O, Franklin M, et al. The feasibility 

of early pulmonary rehabilitation and activity after COPD exacerbations: external pilot 

randomised controlled trial, qualitative case study and exploratory economic evaluation. 

Health Technol Assess. 2018;22:1-204. 

77. Lenferink A, Frith P, van der Valk P, Buckman J, Sladek R, Cafarella P, et al. A self-

management approach using self-initiated action plans for symptoms with ongoing nurse 

support in patients with chronic obstructive pulmonary disease (COPD) and comorbidities: 

the COPE-III study protocol. Contemp Clin Trials. 2013;36:81-9. 

78. Sinnott C, Mercer SW, Payne RA, Duerden M, Bradley CP, Byrne M. Improving 

medication management in multimorbidity: development of the MultimorbiditY 

COllaborative Medication Review And DEcision Making (MY COMRADE) intervention 

using the Behaviour Change Wheel. Implement Sci. 2015;10:132. 



27 
 

79. Fulton EA, Brown KE, Kwah KL, Wild S. StopApp: Using the Behaviour Change 

Wheel to Develop an App to Increase Uptake and Attendance at NHS Stop Smoking Services. 

Healthcare (Basel). 2016;4(2). 

80. Stephens SK, Eakin EG, Clark BK, Winkler EAH, Owen N, LaMontagne AD, et al. 

What strategies do desk-based workers choose to reduce sitting time and how well do they 

work? Findings from a cluster randomised controlled trial. Int J Behav Nutr Phys Act. 

2018;15:98. 

 

 

  



28 
 

Table 1: Possible combinations of sedentary and activity profiles 

 High sedentary time  

 

Low sedentary time 

Sufficient participation in 

physical activity  

Spends most of the day sitting 

reading / watching TV and 

goes for a 30 min walk every 

day 

Volunteers at a local thrift 

shop (standing and serving 

customers) and goes for a 30 

min walk every day 

 

Low participation in 

physical activity  

Spends most of the day sitting 

reading / watching TV and 

does not engage in any regular 

exercise  

Volunteers at a local thrift 

shop (standing and serving 

customers) and does not 

engage in any regular 

exercise 

 

 

  



29 
 

 

 
 
 
 
 

Figure 1: Behaviour change wheel. The COM-B model is at the core (green wheel), which 

is supported by the Theoretical Domains Framework (yellow wheel). The nine intervention 

functions (red wheel) surround the key determinants of behaviour within the inner circles. The 

outermost layer contains policy categories (grey wheel) the may influence the effectiveness of 

the nine intervention functions. Source: Michie S, van Stralen MM, West R. The behaviour 

change wheel: a new method for characterising and designing behaviour change interventions. 

Implement Sci. 2011;6:42 
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Table 2: Worked example of the 8-step behaviour change process that targeting clinicians to select a reduction in sedentary time as a 

lifestyle goal 

 

Stage Step Key Considerations  Hypothetical Example 

1. Understand the 

behaviour 

1. Define the problem 

in behavioural 

terms 

High levels of uninterrupted 

sedentary time at home 

Inadequate delivery of advice provided by clinicians to 

people with COPD around ST in the home 

2. Select the target 

behaviour 

Reduce sedentary time by 30 min per 

day 

Increasing amount advice provided by clinicians to people 

with COPD around reducing/breaking up ST 

3. Specify the target 

behaviour 

Stand up every 30 min and move 

around for 1 min  

Clinicians deliver advice to people with COPD on the 

importance standing up every 30 min at the start and end of 

a pulmonary rehabilitation session  

4. Identify what needs 

to change 

Do clinicians have the capability 

(physical or psychological), 

opportunity (social or physical), 

and/or motivation (automatic or 

reflective) to achieve the target 

behaviour? 

Physical capability: N/A 

Psychological capability: (i) limited knowledge of the 

potential health gains from breaking up sedentary time, 

(ii) need to remember to provide the advice, (iii) need 

knowledge of what to say and skills on how to say it 

Physical opportunity: (i) limited time for patient education 

in pulmonary rehabilitation, (ii) require resources on 

hand to provide information to patients 

Social opportunity is unnecessary: N/A 

Automatic motivation: (i) sedentary behaviour 

advice/counselling needs to become habitual/a routine 

part of patient education / goal setting  

Reflective motivation: (i) beliefs regarding positive 

consequences of breaking up sedentary time for COPD 

is low, (ii) need to believe that providing advice about 

sedentary behaviour is within their remit/professional 

role, (iii) confidence to deliver the advice 
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2. Identify 

intervention 

options 

5. Identify appropriate 

intervention 

functions 

What are the most salient 

intervention functions to effect 

behaviour change in terms of the key 

determinants identified in step 4? 

Consideration of the APEASE 

(affordability, practicability, 

effectiveness, acceptability, side-

effects and safety, and equity) criteria 

for individuals and their contexts is 

essential. Linkages between the 

behavioural analysis, intervention 

functions, and behaviour change 

techniques can be mapped using a 

behaviour change wheel matrix (see: 

Michie S, Atkins L, West R. The 

behaviour change wheel: a guide to 

designing interventions. Great 

Britain: Silverback Publishing; 2014) 

Intervention functions related to education, persuasion, 

training, environmental restructuring, modelling, and 

enablement meet the APEASE criteria 

Incentivisation (unaffordable, impractical, poor cost 

effectiveness), coercion (impractical, unacceptable), 

and restriction (impractical) are incompatible with the 

APEASE criteria 

6. Identify policy 

categories 

This step is primarily of interest when 

clinicians or researchers are 

interested in changing policy 

Communication/marketing, guidelines, regulation, 

environmental/social planning, and service provision 

meet the APEASE criteria 

Fiscal (impracticable, unacceptable) and legislation 

(impracticable, unacceptable) are incompatible with the 

APEASE criteria 

3. Identify 

content and 

implementation 

options 

7. Identify behaviour 

change techniques 

What are the ‘active ingredients’ or 

individual techniques required to 

operationalise the intervention 

functions? Consideration of the 

APEASE criteria is essential for the 

selection of behaviour change 

techniques 

Education: information about health consequences (5.1) 

Persuasion: information about the social and environmental 

consequences (5.3) 

Training: instruction on how to perform the behaviour (4.1)  

Environmental restructuring: adding objects to the 

environment (12.5) 

Modelling: demonstration of the behaviour (6.1) 



32 
 

Enablement: goal setting behaviours (1.1), problem solving 

(1.2), action planning (1.4), and self-monitoring of 

behaviour (2.3) 

(The number in parentheses represent the Behaviour 

Change Techniques taxonomy category and number)79 

8. Determine the 

mode of delivery 

How will the behaviour change 

techniques be delivered to clinicians 

(e.g., face-to-face, phone, technology, 

or some combination)? Consideration 

of the APEASE criteria is essential 

for tailoring the mode of deliver to 

suit the preferences and needs of 

individuals or groups 

Educational seminar including critical information on 

sedentary time (e.g. determinants, consequences) 

combined with a training component (e.g. goal setting) 

Adding visually appealing posters in key areas of the 

rehabilitation site (e.g., in front of bikes, treadmills) 

Showing videos of ‘real world’ examples of experienced 

practitioners completing the behaviour 

 
  

 

 


