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ABSTRACT 22 

Objective: In people with chronic obstructive pulmonary disease (COPD) to explore; (i) the 23 

effect of any intervention on the time spent in sedentary behavior and, (ii) which behavior 24 

change techniques (BCTs) have shown promise in achieving this lifestyle target. 25 

Methods: Five electronic databases were searched on the 7th  January 2021. Studies were 26 

included if they; (i) recruited people with stable COPD, (ii) applied an intervention ≥4 weeks 27 

and, (iii) measured sedentary time (ST) before and after the intervention period, using 28 

wearable technology or via self-reports of television viewing. The primary analyses were 29 

restricted to data reported in randomized controlled trials (RCT). All BCTs described during 30 

the intervention periods were mapped using an established taxonomy. 31 

Results: Of the 1142 records identified, eight were RCTs, of which six had exercise training 32 

as the intervention. Random effects meta-analysis of data from four of these six trials that 33 

implemented whole-body exercise training showed no clear effect on ST (mean difference     34 

-5.0 minutes, 95% confidence interval -30.7 minutes to 21.0 minutes). Commonly mapped 35 

BCTs in the majority of studies included action planning and instruction on how to perform 36 

the behavior. Of all the BCTs mapped, 25% were reported with sufficient information to be 37 

graded ‘beyond reasonable doubt’.  38 

Conclusion: Despite robust evidence that exercise training improves functional outcomes 39 

and reduces dyspnea, this intervention does not seem to translate into behaviour change. The 40 

primary analysis demonstrated that, in adults with COPD, the effect of exercise training on 41 

ST was at best, uncertain. The BCTs embedded within the interventions were often poorly 42 

reported. Future RCTs are required that appropriately report BCT and ST to improve the 43 

precision of our estimate of the effect exercise training may have on ST, and BCTs used 44 

during intervention periods need to be reported with greater specificity. 45 
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Impact: In people with COPD there is currently limited evidence to suggest that exercise 46 

training will reduce sedentary behavior. To move this area of research forward, BCTs 47 

embedded within these interventions need to be described with greater precision. 48 

Lay summary: In people with COPD, interventions such as exercise training do not seem to 49 

produce reduction in sedentary behavior (i.e. time spent sitting or lying down) during daily 50 

life. The techniques used to change this behavior were poorly reported. 51 

KEYWORDS: sedentary behavior, behavior change technique, sedentary time, chronic          52 

obstructive pulmonary disease, systematic review, meta-analysis. 53 

Manuscript word count: 2838 words 54 
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INTRODUCTION 55 

Compared with the general population of similar age and sex proportion, people with chronic 56 

obstructive pulmonary disease (COPD) are at greater risk of both developing cardiovascular 57 

disease and dying from cardiovascular causes.1 This finding holds true even after the analyses 58 

are adjusted for difference in typical cardiovascular risk factors such as serum total 59 

cholesterol, hypertension and obesity.2 The reasons for this increased risk are likely to be the 60 

overlap in factors contributing the development of COPD and cardiovascular disease, namely 61 

extensive cigarette smoking, systematic inflammation and little participation in regular 62 

moderate-to-vigorous intensity physical activity (MVPA).1,3,4 In addition to ceasing cigarette 63 

smoking, increasing participation in MVPA is a malleable lifestyle choice that can mitigate 64 

the increased risk of cardiovascular disease.1,3,4 Nevertheless, the multitude of studies that 65 

have explored interventions that aim to optimise participation in MVPA in people with 66 

COPD clearly show that achieving this lifestyle target is, at best, challenging.5 This finding is 67 

unsurprising as earlier work has shown that people with COPD adopt a very sedentary 68 

lifestyle presumably as a strategy to avoid the sensation of dyspnea.6 Notably, this lifestyle 69 

modification has been observed even in those with mild disease and progressively worsens 70 

with increasing disease severity.6 71 

In the general population, there is now increased awareness that prolonged time spent in 72 

sedentary behavior (i.e. prolonged sedentary time [ST]) is a risk factor for premature 73 

mortality,7-9 largely as a result of exacerbating metabolic disease.7,8,10 Sedentary behavior is 74 

defined as any behavior undertaken during waking hours, in sitting or reclining posture, that 75 

requires energy expenditure ≤1.5 metabolic equivalent tasks (METs) (e.g. television viewing, 76 

screen time).11 Of note, the risk associated with increased ST appears largely uninfluenced by 77 

participation in MVPA.10,12 Over the last few years, data have emerged that demonstrate the 78 

deleterious health impact of ST in people with COPD.13 Specifically, in this population, 79 
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increased ST contributes to the risk of hospitalisation14,15 and mortality.14 However, in 80 

contrast to increasing participation in MVPA, it is likely that reducing ST by increasing 81 

participation in light intensity physical activity (LIPA) is a change in behavior that is realistic 82 

for people with COPD, even amongst those with marked functional impairment.  83 

This systematic review sought to find studies that applied to any intervention lasting at least 84 

four weeks to people with COPD and collected measures of ST before and after the 85 

intervention period. Data reported in these studies were used to:  86 

1. Synthesise the evidence for the effect of these interventions on ST (no other outcomes 87 

were considered); and 88 

2. Explore the use and promise of specific behavior change techniques (BCTs) 89 

embedded within these interventions to reduce ST. 90 

The results of this systematic review will provide information to clinicians on approaches that 91 

may be used to target reductions in ST in people with COPD.  92 

 93 

METHODS 94 

Data presented in this systematic review represent part of a larger program of research which 95 

was prospectively registered in PROSPERO (CRD42019138106). This review has been 96 

reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-97 

Analyses (PRISMA) guidelines.16 Studies were eligible for inclusion in this review if: (i) ≥ 98 

70% of the participants have stable COPD; (ii) if the intervention period was a minimum of 99 

four weeks in duration; (iii) measures of ST were collected before and after the intervention 100 

period via wearable technology (e.g. accelerometers, inclinometers) or self-report. Consistent 101 

with large epidemiological studies,17 ST needed to be assigned to the specific behavior of 102 

television viewing if self-reported, as this is the most common sedentary leisure time 103 
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behavior.18 Conference abstracts and studies published in a language other than English were 104 

excluded. 105 

Data sources and searches 106 

Studies were identified by searching five electronic databases: CINAHL, the Cochrane 107 

Library, EMBASE (via OVID), PEDro (Physiotherapy Evidence Database), and PubMed 108 

from their inception to 7th  January 2021. Reference lists (hand searches) from relevant papers 109 

were also screened. The search strategy used for PubMed which was adapted for use in other 110 

databases (see online supplement: Figure S1). 111 

Study selection 112 

Using Covidence software,19 two review authors (FC and SW) independently screened titles, 113 

abstracts and full papers, as required, to identify eligible studies. The same two review 114 

authors independently completed the risk of bias assessment. Disagreement was resolved by 115 

discussion or when needed by a third review author (KH).  116 

Data extraction and quality assessment 117 

Data were extracted into Microsoft Excel database by one author (FC) and checked by 118 

another author (SW). In the case of missing data, study authors were contacted via email on a 119 

maximum of three occasions every two weeks.  120 

Following completion of the BCTs v1 Taxonomy online training module (www.bct-121 

taxonomy.com), data regarding BCTs were extracted by one author (FC).20 The process was 122 

checked by another author (DG) who has extensive experience in this methodology. 123 

For RCTs, the risk of bias was assessed using the Cochrane Collaboration’s tool.21 This tool 124 

comprises seven evidence-based domains such as ‘random sequence generation’, and 125 

‘allocation concealment’ (selection bias), ‘blinding of participants and personnel’ 126 

http://www.bct-taxonomy.com/
http://www.bct-taxonomy.com/
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(performance bias), ‘blinding of outcome assessment’ (detection bias), ‘incomplete outcome 127 

data’ (attrition bias), ‘selective outcome reporting’ (reporting bias) and ‘other bias’. Studies 128 

were scored in each domain as being at a ‘high’, ‘unclear’, or ‘low’ risk of bias.21 129 

Data synthesis and analysis  130 

For the purposes of meta-analysis primary studies were first grouped by design, into two 131 

categories.  132 

1. Randomized controlled trials in which the intervention group received any form of 133 

intervention, and at least one group served as a true control or received usual care 134 

such as health education. Thereafter, studies were grouped to ensure consistency in 135 

the type of intervention applied.  136 

2. Randomized controlled trials in which both groups received exercise training defined 137 

as any form of structured, repetitive physical activity with the goal of improving 138 

exercise capacity.22 The experimental group received an additional intervention (e.g. 139 

motivational interviewing) which was designed to either promote participation in 140 

physical activity and/or a reduction in ST during daily life. 141 

Change in ST for each group was calculated by subtracting the mean pre-intervention 142 

measure from the mean post-intervention measure. Where possible the standard deviation 143 

(SD) of the change in measure was used. When this information was not reported, the SD of 144 

the pre-intervention value was used. In studies where participants were allocated to two 145 

intervention groups and one control group, data were managed in accordance with the 146 

recommendation from Cochrane.23 Specifically, the sample size available for the control 147 

group was divided for comparison across the two intervention groups. The I2 statistic was 148 

used to evaluate statistical heterogeneity and sensitivity analyses were conducted when I2 149 

approached or exceeded substantial heterogeneity (i.e. 50%). A random-effects model was 150 
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used to calculate summary estimates, and data were meta-analysed using the inverse-variance 151 

DerSimonian and Laird method.24 Results derived from the primary analysis were qualified 152 

using the GRADE (Grading of Recommendations Assessment, Development and 153 

Evaluation).25 For all studies ST was reported as min/day and therefore the summary effect 154 

statistic derived from the meta-analyses was the mean difference with their corresponding 155 

95% confidence interval (RevMan, version 5.3, Copenhagen).26 156 

As research regarding the effect of intervention on ST in people with COPD is in its infancy 157 

we conducted a secondary analyses including data from; (i) single group studies and, (ii) 158 

randomized cross-over trials in which paired data were presented (i.e. data collected during 159 

the control and intervention periods were compared in the same group of participants) (iii) 160 

randomized trials in which all participants received one of two active interventions (e.g. 161 

allocated to home-based exercise training versus center-based exercise training). For meta-162 

analysis of data reported in these studies, the mean and SD of ST measured before and after 163 

the intervention period were used. 164 

Evaluation of behavior change techniques 165 

When BCTs were deemed to be present, they were coded as either ‘++’ if the authors were 166 

confident ‘beyond reasonable doubt’ that the BCT was present, or ‘+’ if ‘in all probability’ 167 

the BCT was present though information was insufficient in detail.20 168 

Role of the funding source 169 

We received no funding for this study. 170 

 171 

RESULTS  172 
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The search strategy yielded 1142 records of which 157 (14%) were duplicates. Of the 173 

remaining 990 records, 745 (75%) were excluded based on title and abstract, and 232 (23%) 174 

were excluded following the full text review (Figure 1). Eight RCTs were eligible for 175 

inclusion in the primary analysis, of which seven had usable data (Figure 1). Five studies 176 

were eligible for inclusion in the secondary analysis, and four had usable data. 177 

Results of primary analysis 178 

Characteristics of the eight RCTs are presented in Table 1. Studies were conducted in 179 

Australia,27 Austria,28 Brazil,29,30 Greece,31 Japan,32 United Kingdom33 and the United States 180 

of America.34 The total number of participants across the eight studies was 379 (72% males); 181 

forced expiratory volume in one second [FEV1] ranged between 39 ± 14% and 68 ± 20% 182 

predicted, with the sample size of the included studies ranging between 24 and 147 183 

participants. 184 

Risk of bias 185 

The risk of bias is presented Figure 2. The quality of the RCTs ranged from poor to high. 186 

Interventions 187 

The interventions used in the studies are described in Table 1. The intervention most 188 

frequently applied (seven out of eight studies) was exercise training and the intervention 189 

period ranged between 2 and 12 months. 190 

Measurement of outcome 191 

All included studies quantified ST using accelerometers. The details of these specific 192 

wearable devices are presented in Table 1. 193 

Meta-analysis 194 
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Six RCTs were found, in which the intervention group received any form of intervention, and 195 

at least one group served as a true control. Of these, five explored the effect of exercise 196 

training on ST. Of the five studies that explored the effect of exercise training on ST, one did 197 

not have usable data. In this study, the intervention group received three months of Nordic 198 

Walking and the control group received usual care.28 On completion of the intervention 199 

period in that study, the intervention demonstrated a reduction in ST that was over and above 200 

any reported control group.28 A meta-analysis of data reported in the four studies that 201 

explored any type of exercise training showed no clear effect on ST (Figure 3a). The certainty 202 

of evidence (GRADE) for this meta-analysis was deemed low (online supplement Table S1). 203 

A sensitivity analysis was undertaken where one study was omitted,34 on the basis the 204 

exercise training was upper limb resistance exercises without any whole body exercise.34 The 205 

result of this meta-analysis was similar (Figure 3b). 206 

Two RCTs were found in which both groups received exercise training but the experimental 207 

group received additional intervention to increase physical activity during daily life. Meta-208 

analysis of data reported in these studies showed no clear effect on ST with very high 209 

heterogeneity (I2 = 87%) which precluded meaningful interpretation of the result (online 210 

supplement Figure S2). 211 

The use and promise of specific behavior change techniques  212 

Across eight RCTs eligible for inclusion in the primary analysis, 25 BCTs of the possible 93 213 

BCTs described in the Taxonomy were represented (i.e. 25%).35 The number of unique BCTs 214 

identified within each study ranged from 5 to 11. The most commonly mapped BCT were 215 

action planning (1.4 on Taxonomy n=8 studies) and instruction on how to perform the 216 

behavior (item 4.1 on Taxonomy n=8 studies) (Figures 4a and b). Where a BCT was mapped, 217 

one quarter were assigned a confidence level ‘++’ (n=31; 25%) (Figure 4). 218 
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Results of the secondary analysis  219 

The results of these secondary analyses can be found in the online supplement Table S2, 220 

Figure S3 and Figure S4.36-40 221 

 222 

DISCUSSION 223 

This is the first systematic review with meta-analyses to evaluate the effect of any 224 

intervention of at least 4 weeks in duration on measures of ST in people with COPD. The 225 

main findings of this review are that, using data available from RCTs that collected measures 226 

of ST before and after an intervention period; (i) there was no convincing evidence of a 227 

reduction in ST in this population and, (ii) BCTs, when used, were poorly reported. As all 228 

studies included in the current meta-analyses used wearable devices to quantify ST, the lack 229 

of effect on ST does not reflect the known poor precision of self-reported measures of ST. 41 230 

Poor reporting of BCTs compromises our capacity to understand what exactly has been 231 

trialled and, if appropriate, how to replicate these techniques in clinical practice or future 232 

research.  233 

The intervention explored in most of studies was exercise training. It is well-established that 234 

in people with COPD, exercise training increases exercise tolerance, reduces symptoms of 235 

dyspnea and fatigue and improves health-related quality of life.42 This is achieved, as least in 236 

part, by improving the oxidative capacity of the quadriceps femoris muscles.43 Nevertheless, 237 

the effect of this intervention on ST was, at best, uncertain. The pooled point estimate was -238 

3.4 minutes and the 95% confidence intervals from -27.9 minutes to 21.0 minutes (Figure 3a). 239 

This means that the true effect of exercise training on ST may be either a reduction of 27.9 240 

minutes or an increase of 21.0 minutes. The results of our sensitivity analysis (Figure 3b) was 241 

similar to the main analysis (Figure 3a) suggesting that our a-priori decision to pool studies 242 
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that investigated any form of exercise training did not appear to influence the overall estimate 243 

of the result. Further studies are needed to improve the precision around the estimate. 244 

Although the results of the secondary meta-analyses approached a significant reduction in ST 245 

(online supplement Figure S3), the 95% confidence interval around this difference was 246 

reasonably wide. This is because the results of individual studies on ST were inconsistent.  247 

Further, because the studies included in the secondary analysis did not recruit a control group 248 

who received no intervention, the result is as high risk of bias21 and we have low confidence 249 

that this change can be attributed to the intervention. 250 

When described, BCTs embedded within the interventions described in the RCTs stated the 251 

target behavior to be an increase in physical activity and/or increased participation structured 252 

exercise.27-32,34 Measures of ST were included as a secondary outcome. Earlier work in the 253 

general population has suggested that a reduction in ST is more likely when the intervention 254 

message is highly specific to this behavior (i.e. reducing ST), and does not have the 255 

concurrent goal of increasing physical activity.44 Therefore, one interpretation of our data is 256 

that the uncertain effect on ST was because the BCTs embedded within the interventions 257 

focussed on changing time spent in physical activity rather than specifically focussing on 258 

reductions in ST. Nevertheless, we believe that changes in physical activity were unlikely to 259 

have occurred in these studies. This is because ST and time in LIPA are almost perfectly 260 

inversely related in people with COPD45 and therefore our findings of no effect on ST 261 

suggest that these studies also had no effect on the time spent in LIPA. Further, a recent 262 

Cochrane review which included many of the same studies of exercise training as this review 263 

and, reported on physical activity outcomes, also demonstrated very little evidence of an 264 

change.5 As several previous reviews have shown that exercise training is unlikely to produce 265 

meaningful changes in physical activity46-48 and the data in this study suggest the same is true 266 

for changes of ST, perhaps greater attention is needed on implementing BCTs that have 267 
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shown promise in successfully modifying other health behaviors in this population. For 268 

example, earlier work has demonstrated that BCTs which show promise in changing other 269 

health behaviors that are of particular relevance to people with COPD, such as the cessation 270 

of cigarette smoking include; social support (unspecified) (item 3.1 on the Taxonomy), 271 

behavior substitution (item 8.2 on the Taxonomy) and feedback on outcome(s) of behavior 272 

(item 2.7 on the Taxonomy).49 273 

An important finding of this work is that the specific reporting of BCTs embedded within 274 

interventions, such as exercise training, was often poor. As an example, within the context of 275 

exercise training the term ‘supervision’ was often used to describe a healthcare professional 276 

overseeing the exercise training class. However, within the physiotherapy vernacular the term 277 

‘supervision’ often implies BCTs such as; goal setting (behavior) (item 1.1 on Taxonomy), 278 

instruction on how to perform the behavior (4.1 on the Taxonomy), action planning (1.4 on 279 

the Taxonomy), feedback and monitoring (2.4 on the Taxonomy), graded tasks (8.7 on the 280 

Taxonomy), social support (unspecified) (item 3.1 on the Taxonomy). Unfortunately, using 281 

the term ‘supervision’ leaves us with no information about specific BCTs that were applied 282 

and hinders any evaluation of which BCTs may show promise in this population. Further, 283 

when BCTs were reported 25% lacked details to allow us to be sure that it was applied 284 

‘beyond reasonable doubt’. This finding, in part, may reflect that reporting standards such as 285 

TIDieR50 and CERT,51 do not require BCTs to be described in accordance with an established 286 

Taxonomy. 287 

This review reveals a dearth of RCTs that specifically target reducing sedentary behavior in 288 

people with COPD and that in this population the effect of exercise training on ST is, at best, 289 

uncertain. An equally important conclusion of this review is that BCTs embedded within the 290 

interventions were poorly reported. The under-reporting of active ingredients in BCTs 291 

compromises our capacity to understand what has been trialled and what shows promise. 292 
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464 

Records identified (n = 1142): 

• CINAHL (n = 136) 
• Cochrane Library (n = 186) 
• EMBASE (n = 392) 
• PEDro (n = 2)  
• PUBMED (n = 421) 
• Hand searches (n = 5) 

Duplicates removed (n = 157) 

Title and abstract screening (n = 990) 

 

 

 
Exclusion (n = 745) 

Full-texts assessed for eligibility (n = 245) 

Studies excluded (n = 232): 

• Editorial: (n = 17)  
• Language other than English: (n = 4) 
• Letters to editor: (n= 16)  
• No intervention study design: (n = 50) 
• Poster/ conference abstract: (n = 45) 
• Protocol: (n = 2)  
• Review articles: (n = 13) 
• Unrelated outcomes: (n = 71) 
• Unrelated study population: (n = 14) 

 

Figure 1. Flow of studies through the review. 

Records included in this review (n = 13)                  

• Studies for primary analysis (n=8) 
• Studies for secondary analysis (n=5) 
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Table 1. Characteristics of included primary analysis studies 466 

Authors Total sample  
size 

Age (yr) 
 
 
 
 

Males  
N (Y%) 

FEV1  Intervention Duration of 
intervention period 

Device used to 
measure ST 

Category 1 
Breyer (28) 60 Ix 62 (9) 

C 59 (8) 
27 (45%) Ix 48 (19)% 

C 47 (16)% 
Ix Nordic Walking 
 

12 weeks DynaPort activity 
monitor 

Larson (34) 49 Ix (a) 71 (8) 
Ix (b) 72 (9) 
C 71 (8) 

41 (84%) Ix (a) 61 (20)% 
Ix (b) 54 (17)% 
C 56 (17)% 

Ix (a) Self-efficacy 
upper limb resistance 
training 
Ix (b) Upper limb 
resistance training  
 

16 weeks Actigraph 7164 

Lord (33) 24 Ix 69 (11) 
C 68 (9) 

12 (50%) Ix 44 (14)% 
C 64 (26)% 

Ix Supervised 
singing classes 
 

8 weeks SenseWear Pro3 

Probst (30) 40 Ix 65 (10) 
C 67 (7) 

21 (53%) Ix 40 (9)% 
C 39 (14)% 

Ix High intensity 
whole body 
endurance and 
strength training 
 

12 weeks DynaPort, 
SenseWear Pro3 
Armband 

Vasilopoulou (31) 147 Ix (a) 67 (10) 
Ix (b) 67 (7) 
C 64 (8) 

119 (81%) Ix (a) 50 (22)% 
Ix (b) 52 (17)% 
C 52 (21)% 

Ix (a) Home-based 
maintanence PRP 
I (b) Outpatient-
based maintanence 
PRP  
 

12 months Actigraph GT3X+ 
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467 

Wootton (27) 101 
 
 

Ix 69 (8) 
C 68 (9) 

62 (61%) Ix 42 (15)% 
C 43 (15)% 

Ix Ground-based 
walking training 
 

8 to 10 weeks SenseWear Pro3 
Armband 
 
 
 
 

Category 2 
Cruz (29) 
 
 
 
 
 

32 
 
 
 
 

Ix 69 (8) 
C 64 (8) 

27 (84%) Ix 66 (21)% 
C 68 (20)% 

Ix Outpatient PRP, 
PA focussed 
behavioral 
intervention. 

12 weeks Actigraph GT3X+ 

Kawagoshi (32) 
 
 
 
 
 

27 
 
 
 
 
 

Ix 74 (8) 
C 75 (9) 
 
 
 
 

24 (89%) 
 
 
 
 
 

Ix 61 (21)% 
C 58 (23)% 
 
 
 
 

Ix Outpatient PRP, 
pedometers and 
feedback 
 
 
 
 
 
 
 
 
 
 
 
 
 

12 months 
 
 
 
 
 

A-MES 
 
 
 
 
 

Data are mean (SD) unless otherwise stated, Ix: intervention; C: control; FEV1%: forced expiratory volume in 1 second expressed as a percent predicted; 
PRP: Pulmonary Rehabilitation Program, ST: sedentary time, PA: physical activity. 

Category 1: Intervention versus true control; Category 2: Intervention (same for Ix and C) plus an additional intervention versus intervention (same for Ix 
and C). 

 



20 
doi: 10.1093/ptj/pzab097 

468 

Figure 2. Risk of bias summary of RCTs and RTs: review authors' judgements about each risk of bias 
item for each included study.   Low risk of bias,  unclear risk of bias  high risk of bias. Quality 
assessment: high 6-7 criteria met, moderate 4-5 criteria met, fair 2-3, poor 1 or less criteria met.  
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 474 

475 

Figure 3a. Forest plot of RCTs included in category 1: exercise training intervention versus true control 
studies. Sedentary time [min/day]. 

 

 

 

 

 

Figure 3b. Forest plot of RCTs included in category 1: whole body exercise training intervention 
versus true control studies post sensitivity analysis. Sedentary time [min/day].  
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Group BCT identified 
(number represents the coding of the BCT) 
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  Promising                                       Non-promising  
Group 1. Goals and planning 1.1 Goal setting (behavior)     +   2 ++ 
Group 1. Goals and planning 1.2 Problem solving  ++       
Group 1. Goals and planning 1.3 Goal setting (outcome)   3 +      
Group 1. Goals and planning 1.4 Action planning + 4 +  7 + 2 ++/+ 2 + 3 ++= 1 4 ++ 
Group 1. Goals and planning 1.5 Review of behavior goal(s)        2  ++/ + 
Group 1. Goals and planning 1.8 Behavioral contract         
Group 2. Feedback and monitoring 2.1 Monitoring of behavior by others without feedback      +   
Group 2. Feedback and monitoring 2.2 Feedback on behavior  3 +    ++   
Group 2. Feedback and monitoring 2.3 Self-monitoring of behavior      3 +   
Group 2. Feedback and monitoring 2.4 Self- monitoring of outcome(s) of behavior    +    2 ++ 
Group 2. Feedback and monitoring 2.5 Monitoring of outcome(s) of behavior without feedback +   +     
Group 2. Feedback and monitoring 2.6 Biofeedback +     +  2 ++/+ 
Group 3. Social support 3.1 Social support (unspecified)  3 ++= 1  +    2 + 
Group 3. Social support 3.2 Social support (practical)    2+  2 +   
Group 4. Shaping knowledge 4.1 Instruction on how to perform the behavior +   9+  2 ++/+  2 ++ 
Group 4. Shaping knowledge 4.2 Information about Antecedents  ++       
Group 5. Natural consequences 5.1 Information about health consequences + ++       
Group 5. Natural consequences 5.2 Salience of consequences  ++       
Group 6. Comparison of behavior 6.1 Demonstration of the behavior  ++  +  3 ++= 2   
Group 6. Comparison of behavior 6.2 Social comparison  ++       
Group 8. Repetition and substitution 8.1 Behavioral practice/rehearsal   +   +   
Group 8. Repetition and substitution 8.7 Graded tasks  +  + + 2 +  + 
Group 10. Reward and threat 10.4 Social reward         
Group 12. Antecedents 12.1 Restructuring the physical environment   +      
Group 12. Antecedents 12.6 Body changes  +  5 + +  ++  
 Total 5 18 5 28 5 17 4 17 
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Figure 4a. Behavior change techniques (BCT) coded for primary analysis category 1 of included studies, where Larson (2014a) represents the group that received self-efficacy 
and upper body resistance training, and Larson (2014b) represents the group that received upper body resistance training. Vasilopoulou (2017a) represents the group that received 
home-based maintanence telerehabilitation, and Vasilopoulou (2017b) represents the group that received hospital-based, outpatient, maintanence rehabilitation. 

(222)  = BCT coded once within the study; (222) = BCT coded more than once within the study (the number in the box indicates the number of occasions that the BCT was 
coded); ‘++’ = confident the BCT was present ‘beyond reasonable doubt’; ‘+’ = confident the BCT was present in ‘all probability’, but supporting information was lacking. For 
example,  3 ++= 1   indicates that the BCT was coded in the study three times and considered to be present once ‘beyond reasonable doubt’. 

Studies have been ordered according to level of promise with ‘promising’: denoting that sedentary time (ST) is significantly reduced between intervention and control groups, and/ 
or within intervention groups, and non-promising denotes there is no significant reduction in ST. 
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Group BCT identified 
(number represents the coded BCT) 
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   Promising Non-promising 
Group 1. Goals and planning 1.1 Goal setting (behavior) 3 ++=2  2 + 
Group 1. Goals and planning 1.2 Problem solving   
Group 1. Goals and planning 1.3 Goal setting (outcome)   
Group 1. Goals and planning 1.4 Action planning  + 
Group 1. Goals and planning 1.5 Review of behavior goal(s) 2 + + 
Group 1. Goals and planning 1.8 Behavioral contract 2 ++/+  
Group 2. Feedback and monitoring 2.1 Monitoring of behavior by others without feedback   
Group 2. Feedback and monitoring 2.2 Feedback on behavior 2 + 3 + 
Group 2. Feedback and monitoring 2.3 Self-monitoring of behavior 2 ++  
Group 2. Feedback and monitoring 2.4 Self- monitoring of outcome(s) of behavior +  
Group 2. Feedback and monitoring 2.5 Monitoring of outcome(s) of behavior without feedback   
Group 2. Feedback and monitoring 2.6 Biofeedback   
Group 3. Social support 3.1 Social support (unspecified)   
Group 3. Social support 3.2 Social support (practical)   
Group 4. Shaping knowledge 4.1 Instruction on how to perform the behavior  + 
Group 4. Shaping knowledge 4.2 Information about Antecedents   
Group 5. Natural consequences 5.1 Information about health consequences   
Group 5. Natural consequences 5.2 Salience of consequences   
Group 6. Comparison of behavior 6.1 Demonstration of the behavior   
Group 6. Comparison of behavior 6.2 Social comparison   
Group 8. Repetition and substitution 8.1 Behavioral practice/rehearsal   
Group 8. Repetition and substitution 8.7 Graded tasks   
Group 10. Reward and threat 10.4 Social reward +  
Group 12. Antecedents 12.1 Restructuring the physical environment   
Group 12. Antecedents 12.6 Body changes + + 
 Total 14 9 
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 480 

Figure 4b. Behavior change techniques (BCTs) coded for primary analysis category 2 of included studies.  

(222) = BCT coded once within the study; (222) = BCT coded more than once within the study (the number in the box indicates the number of occasions that 
the BCT was coded); ‘++’ = confident the BCT was present ‘beyond reasonable doubt’; ‘+’ = confident the BCT was present in ‘all probability’, but 
supporting information was lacking. For example, 3 ++= 2   indicates that the BCT was coded in the study three times and considered to be present twice 
‘beyond reasonable doubt’. 

Studies have been ordered according to level of promise with ‘promising’: denoting that sedentary time (ST) is significantly reduced between intervention 
and control groups, and/ or within intervention groups, and non-promising denotes there is no significant reduction in ST. 
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RESULTS OF PRIMARY ANALYSIS 

Table S1. Grading of Recommendations, Assessment, Development and Evaluation: Summary of Findings of primary analysis category 1. 

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies 
Study 
design 

Risk 
of 

bias 
Inconsistency Indirectness Imprecision Other 

considerations 
any 

intervention 

true 
control 
group 

Relative 
(95% 
CI) 

Absolute 
(95% 
CI) 

Sedentary time (assessed with: min/day) 

4 randomised 
trials  

serious 
a 

not serious  not serious  serious b  none  228  137  not 
estimable  

MD -
3.34 

(-27.85 
to 20.99) 

⨁⨁◯◯ 
LOW  

NOT 
IMPORTANT  

a. Blinding of participants and therapists uncontrolled in all studies; detection bias (3 studies), selection bias (2 studies), attrition bias (2 
studies) and reporting bias (2 studies).  

b. Wide CI of pooled effect. 
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Supplementary Figure S2. Forest plot of RCTs included in category 2: exercise training plus 
intervention vs exercise training. Sedentary time [min/day]. This analysis had high heterogeneity        
(I2 = 87%) and demonstrated an uncertain effect on ST.  

 

 

 

 



5 
 

RESULTS OF THE SECONDARY ANALYSIS 

 

 

 
Authors Total sample  

size 
Age (yr) Males N 

(Y%)  
FEV1 Intervention Duration of 

intervention 
period 

Device used to 
measure ST 

Cruz (36) 
 
Hill (37) 
 

16  
 
17 

66 (11) 
 
73 (9) 

11 (69%) 
 
10 (59%) 

70 (23)% 
 
33 (25)% 

Outpatient PRP 
 
Ix 4WW 

12 weeks 
 
4 weeks 

Actigraph GTX3+ 
 
ActivPAL 
SAM 

Holland (38) 
 
 
 
 
Kamei (39) 

Ix (a) 80 
Ix (b) 86 
 
 
 
Ix (a) 22 
Ix (b) 22 

Ix (a) 69 (13) 
Ix (b) 69 (10) 
 
 
 
Ix (a) 72 (7) 
Ix (b) 71 (7) 

99 (59%) 
 
 
 
 
20 (91%) 
20 (91%) 

Ix (a) 52 (19)% 
Ix (b) 49 (19)% 
 
 
 
Ix (a) 60 (15)% 
Ix (b) 58 (15)% 

Ix (a) Home-based 
PRP  
Ix (b) Outpatient 
PRP 
 
Ix (a) Aclidinium 
Ix (b) Tiotropium 

8 weeks 
 
 
 
 
8 weeks 

SenseWear 
Armband 
 
 
 
ActiGraph 
GTX3+ 

 
 
Mesquita (40) 

 
 
90  

 
 
67 (8) 

 
 
54 (60%) 

 
 
47 (32-62)% 

 
 
Outpatient PRP  

 
 
13 weeks  
(40 sessions) 

 
 
CIRO activity 
monitor (CAM) or 
MOX activity 
monitor 
 
 
 

Table  S2. Characteristics of included secondary analysis studies 

Data are mean (SD) unless otherwise stated, Ix: intervention; FEV1%: forced expiratory volume in 1 second expressed as a percent predicted; PRP: 
Pulmonary Rehabilitation Program, ST: sedentary time, PA: physical activity. 
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Secondary meta-analysis 

Studies grouped into the secondary analysis were single arm studies36,40 one randomized 
cross-over trial37 and one randomized trial with two intervention arms38 explored the effect of 
exercise training. Meta-analysis of data reported in studies shows no effect on ST (Figure 
S3). The statistical heterogeneity in the analysis was mild to moderate heterogeneity (I2 = 
30%).  

 

 

 

 

 

 

 

Supplementary Figure S3. Forest plot of studies included in the secondary analysis: 
Single-arm intervention studies. Sedentary time [min/day].  
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  Non-promising 
Group 1. Goals and planning 1.1 Goal setting (behavior)   7 ++= 1    
Group 1. Goals and planning 1.2 Problem solving   +    
Group 1. Goals and planning 1.3 Goal setting (outcome)   +    
Group 1. Goals and planning 1.4 Action planning 2 ++/+ + 4 ++= 1 3 +  + 
Group 1. Goals and planning 1.5 Review of behavior goal(s) +  +    
Group 2. Feedback and monitoring 2.2 Feedback on behavior 2 ++/+ +     
Group 2. Feedback and monitoring 2.3 Self-monitoring of behavior  ++=++= 4 ++= 1    
Group 2. Feedback and monitoring 2.4 Self-monitoring of outcome(s) of behavior   +    
Group 3. Social support 3.1 Social support (unspecified)   8 ++= 2    
Group 3. Social support 3.2 Social support (practical)   3 ++= 1    
Group 4. Shaping knowledge 4.1 Instruction on how to perform the behavior + 2+ ++ +  2 + 
Group 4. Shaping knowledge 4.2 Information about antecedents   +    
Group 12. Antecedents 12.1 Restructuring the physical environment   ++    
Group 12. Antecedents 12.6 Body changes 3 +  2 ++/+ +  3 + 
 Total 9 4 35 5 0 6 

Supplementary Figure S4. Behavior change techniques (BCT) coded across studies grouped for secondary analysis, where Holland (2017a) represents the group that received home-based 
pulmonary rehabilitation, and Holland (2017b) represents the group that received outpatient pulmonary rehabilitation. 

(222) = BCT coded once within the study; (222) = BCT coded more than once within the study (the number in the box indicates the number of occasions that the BCT was coded); ‘++’ = 
confident the BCT was present ‘beyond reasonable doubt’; ‘+’ = confident the BCT was present in ‘all probability’, but supporting information was lacking. For example, 3 ++= 1   indicates 
that the BCT was coded in the study three times and considered to be present once ‘beyond reasonable doubt’.  

Studies have been ordered according to level of promise with ‘promising’: denoting that sedentary time (ST) is significantly reduced within intervention groups, and non-promising denotes 
there is no significant reduction in ST. 
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