
1 

 

 

Patterns of physical activity progression in patients 

with COPD 

Maria Korenya,b,c, Heleen Demeyerd,e,f, Marta Beneta,b,c, Ane Arbillaga-Etxarrig, Eva 

Balcellsb,h,i, Anael Barberan-Garciaj, Elena Gimeno-Santosj, Nicholas S. Hopkinsonk, 

Corina De Jongl,m, Niklas Karlssonn, Zafeiris Louvarisd,o, Michael I. Polkeyk, Milo A. 

Puhanp, Roberto A. Rabinovichq,  Robert Rodríguez-Roisinj, Pere Vall-Casasr, Ioannis 

Vogiatziso,s, Thierry Troostersd,e, Judith Garcia-Aymericha,b,c,* 

 

a ISGlobal, Barcelona, Spain  

b Pompeu Fabra University (UPF), Barcelona, Spain 

c CIBER Epidemiología y Salud Pública (CIBERESP), Barcelona, Spain  

d Department of Rehabilitation Sciences, KU Leuven - University of Leuven, Leuven, 

Belgium  

e Department of Respiratory Diseases, University Hospitals KU Leuven, Leuven, 

Belgium  

f Department of Rehabilitation Sciences, Ghent University, Ghent, Belgium 

g Physical Activity and Sports Sciences, Faculty of Psychology and Education, 

University of Deusto, Donostia-San Sebastián, Spain  

h CIBER Enfermedades Respiratorias (CIBERES), Madrid, Spain 

i Pneumology Department, Institut Hospital del Mar d'Investigacions Mèdiques (IMIM), 

Hospital del Mar, Barcelona, Spain 

j University of Barcelona, Institut d’Investigació Biomèdica August Pi i Sunyer 

(IDIBAPS), CIBER Enfermedades Respiratorias (CIBERES), Hospital Clínic, 

Barcelona, Spain 

  



2 

 

 

k National Heart and Lung Institute, Imperial College, Royal Brompton Hospital 

Campus, London, UK 

l Department of General Practice, University Medical Center Groningen, University of 

Groningen, Groningen, The Netherlands 

m Groningen Research Institute for Asthma and COPD (GRIAC), University Medical 

Center Groningen, University of Groningen, Groningen, The Netherlands 

n Patient Centered Science, BioPharmaceuticals, AstraZeneca R&D, Gothenburg, 

Sweden 

o First Department of Respiratory Medicine, National and Kapodistrian University of 

Athens, Athens, Greece  

p Epidemiology, Biostatistics and Prevention Institute, University of Zurich, Zurich, 

Switzerland 

q ELEGI Colt Laboratory, Centre for Inflammation Research, The Queen’s Medical 

Research Institute, University of Edinburgh, Edinburgh, Scotland, UK  

r Universitat Internacional de Catalunya (UIC), Barcelona, Spain 

s Department of Sport, Exercise and Rehabilitation, Northumbria University Newcastle, 

Newcastle, UK 

 

*Correspondence: Dr Judith Garcia-Aymerich 

Barcelona Institute of Global Health (ISGlobal)  

C/ Doctor Aiguader 88, 08003 Barcelona, Spain 

Tel (+34) 932147380 

Email: judith.garcia@isglobal.org 

 

  

mailto:judith.garcia@isglobal.org


3 

 

 

Acknowledgments  

The authors thank Anne-Elie Carsin for the statistical support. 

 

The Urban Training Study Group: ISGlobal, Barcelona: Ane Arbillaga-Etxarri, Marta 

Benet, Anna Delgado, Judith Garcia-Aymerich, Elena Gimeno-Santos, Jaume Torrent-

Pallicer; FCS Blanquerna, Universitat Ramon Llull, Barcelona: Jordi Vilaró; Servei de 

Pneumologia, Hospital Clínic de Barcelona, Barcelona: Anael Barberan-Garcia, Robert 

Rodriguez-Roisín; Hospital del Mar, Institut Hospital del Mar d’Investigacions Mèdiques 

(IMIM), Barcelona: Eva Balcells, Diego A Rodríguez Chiaradía; Hospital Universitari 

Germans Trias i Pujol, Badalona: Alicia Marín; Hospital de Mataró, Consorci Sanitari 

del Maresme, Mataró: Pilar Ortega; Hospital de Viladecans, Viladecans: Nuria Celorrio; 

Institut Universitari d’Investigació en Atenció Primària Jordi Gol (IDIAP Jordi Gol): 

Mónica Monteagudo, Nuria Montellà, Laura Muñoz, Pere Toran; Centre d’Atenció 

Primària Viladecans 2, Institut Català de la Salut, Viladecans: Pere Simonet; Centre 

d’Atenció Primària Passeig de Sant Joan, Institut Català de la Salut, Barcelona: Carme 

Jané, Carlos Martín-Cantera; Centre d’Atenció Primària Sant Roc, Institut Català de la 

Salut, Badalona: Eulàlia Borrell; Universitat Internacional de Catalunya (UIC), 

Barcelona: Pere Vall-Casas.  

 

The PROactive Consortium members: Almirall, Barcelona, Spain: Nathalie Ivanoff; 

AstraZeneca AB, Mölndal, Sweden: Niklas Karlsson and Solange Corriol-Rohou; 

British Lung Foundation, London, UK: Ian Jarrod; Boehringer Ingelheim, Nieder-

Ingelheim, Germany: Damijen Erzen; Chiesi Farmaceutici S.A. Parma, Italy: Caterina 

Brindicci, Tim Higenbottam and Mario Scuri; Choice Healthcare Solutions, Hitchin, UK: 

Paul McBride; European Respiratory Society, Lausanne, Switzerland: Nadia Kamel; 



4 

 

 

GlaxoSmithKline, Uxbridge, UK: Margaret Tabberer; Katholieke Universiteit Leuven, 

Leuven, Belgium: Thierry Troosters and Fabienne Dobbels; Municipal Institute of 

Medical Research, Barcelona, Spain: Judith Garcia-Aymerich; Netherlands Asthma 

Foundation, Amersfoort, The Netherlands: Pim de Boer; Novartis, Basel, Switzerland: 

Karoly Kulich and Alastair Glendenning; Pfizer Walton Oaks, UK: Katja Rudell and 

Frederick J. Wilson; Royal Brompton and Harefield NHS Foundation Trust, London, 

UK: Michael I. Polkey and Nick S. Hopkinson; Thorax Research Foundation, Athens, 

Greece: Ioannis Vogiatzis; UCB, Brussels, Belgium: Enkeleida Nikai; University 

Medical Center, Groningen, The Netherlands: Thys van der Molen and Corina De 

Jong; University of Edinburgh, Edinburgh, UK: Roberto A. Rabinovich and Bill MacNee; 

University of Zurich, Zurich, Switzerland: Milo A. Puhan and Anja Frei. 

Authors’ contribution 

JGA had full access to all of the data in the study and takes responsibility for the 

integrity of the data and the accuracy of the data analysis. MK, HD and JGA drafted the 

first version of the manuscript; MK, HD, MB and JGA had full access to the data and 

were responsible for the statistical analysis; MK, HD, MB, AAE, EB, ABG, EGS, NH, 

CdJ, NK, ZL, MPo, MPu, RRa, RRo, PVC, IV, TT, JGA contributed to data collection 

and coordination. All authors 1) provided substantial contributions to the conception or 

design of the work; or the acquisition, analysis or interpretation of data for the work; 2) 

drafted or revised the manuscript for important intellectual content; 3) approved the 

final version; and 4) agreed to be accountable for all aspects of the work.  

Declaration of interest 

NK is employed by AstraZeneca. MP reports personal fees from Philips, during the 

conduct of the study. TT reports lecture fees to his institution from Boehringer 

Ingelheim, Chiesi Belgium and AstraZeneca outside the submitted work. JGA reports 



5 

 

 

payments for consulting and lecture fees to her institution from AstraZeneca and 

lecture fees from Esteeve, Chiesi and Menarini outside the submitted work. The 

authors report no other conflict of interest in this work. 

Funding information 

The Urban Training study was funded by grants from Fondo de Investigación Sanitaria, 

Instituto de Salud Carlos III (ISCIII, PI11/01283 and PI14/0419), integrated into Plan 

Estatal I+D+I 2013–2016 and co-funded by ISCIII-Subdirección General de Evaluación 

y Fomento de la Investigación and Fondo Europeo de Desarrollo Regional (FEDER); 

Sociedad Española de Neumología y Cirugía Torácica (SEPAR, 147/2011 and 

201/2011), Societat Catalana de Pneumologia (Ajuts al millor projecte en fisioteràpia 

respiratòria 2013). We acknowledge support from the Spanish Ministry of Science and 

Innovation through the “Centro de Excelencia Severo Ochoa 2019-2023” Program 

(CEX2018-000806-S), and support from the Generalitat de Catalunya through the 

CERCA Program.   

 

The PROactive project was funded by the European Commission Innovative Medicines 

Initiative Joint Undertaking (IMI JU # 115011). HD is a post-doctoral research fellow of 

FWO Vlaanderen. ZL is a post-doctoral fellow of the FWO-Flanders (#12U5618N).  

 

The funders had no role in study design, data collection and analysis, decision to 

publish, or preparation of the manuscript. 

Ethics approval 

This study was conducted in accordance with the amended Declaration of Helsinki. 

Both studies were approved by all local institutional review boards and written informed 

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/


6 

 

 

consent, including re-use of data for COPD-related research, was obtained from all 

patients.  

 

The Urban Training trial was approved by the ethics committees of all participating 

institutions (Comitè Ètic d‘Investigació Clínica Parc de Salut MAR 2011/4291/I, Comitè 

Ètic d‘Investigació Clínica de l’IDIAP Jordi Gol i Gurina P11/116, Comitè Ètic 

d‘Investigació Clínica de l’Hospital Universitari de Bellvitge PR197/11, Comitè Ètic 

d‘Investigació Clínica de l’Hospital Universitari Germans Trias i Pujol AC-12-004, Comitè 

Ètic d‘Investigació Clínica de l’Hospital Clínic de Barcelona 2011/7061, Comitè Ètic 

d‘Investigació Clínica de l’Hospital de Mataró November 23rd, 2011). 

 

The PROactive study was advised and approved by the PROactive ethics and patient 

advisory boards, and approved by the local ethics committee at each centre 

(Commissie medische ethiek van de universitaire ziekenhuizen KU Leuven (Leuven, S-

55919); Medische ethische toetsingscommissie universitair medisch centrum 

Groningen (Groningen, Metc 2013.362); RES Committee London—South East (London 

and Edinburgh, 13/LO/1660); Scientific Council of the ‘Sotiria’ General Hospital for 

Chest Diseases (Athens, 27852/7-10-13); Kantonale Ethikkommission Zürich and 

Ethikkommission Nordwest- und Zentralschweiz (Zurich, KEK-ZH-Nr. 2013-0469). 

 

 

Prior abstract presentation/ publication: This work was presented at the European 

Respiratory Society Congress 2019 in Madrid and the abstract was published in the 

European Respiratory Journal 2019; 54: Suppl. 63, OA5361. 

 

 



7 

 

 

Abstract 

Introduction: Although mean physical activity in COPD patients declines by 400 to 

500 steps/day annually, it is unknown whether the natural progression is the same for 

all patients. We aimed to identify distinct physical activity progression patterns using a 

hypothesis-free approach and to assess their determinants.  

Methods: We pooled data from two cohorts (usual care arm of Urban Training 

[NCT01897298] and PROactive initial validation [NCT01388218] studies) measuring 

physical activity at baseline and 12 months (Dynaport MoveMonitor). We identified 

clusters (patterns) of physical activity progression (based on levels and changes of 

steps/day) using k-means, and compared baseline sociodemographic, interpersonal, 

environmental, clinical and psychological characteristics across patterns. 

Results: In 291 COPD patients (mean±SD 68±8 years, 81% male, FEV1 59±19%pred) 

we identified three distinct physical activity progression patterns: Inactive (n=173 

[59%], baseline: 4621±1757 steps/day, 12-month change (Δ): -487±1201 steps/day), 

Active Improvers (n=49 [17%], baseline: 7727±3275 steps/day, Δ: +3378±2203 

steps/day) and Active Decliners (n=69 [24%], baseline: 11267±3009 steps/day, Δ: -

2217±2085 steps/day). After adjustment in a mixed multinomial logistic regression 

model using Active Decliners as reference pattern, a lower 6-min walking distance 

(RRR [95% CI] 0.94 [0.90-0.98] per 10m, p=0.001) and a higher mMRC dyspnea score 

(1.71 [1.12-2.60] per 1 point, p=0.012) were independently related with being Inactive. 

No baseline variable was independently associated with being an Active Improver. 

Conclusions: The natural progression in physical activity over time in COPD patients 

is heterogeneous. While Inactive patients relate to worse scores for clinical COPD 

characteristics, Active Improvers and Decliners cannot be predicted at baseline.  

  



8 

 

 

Resumen  

Introducción: Aunque la actividad física en pacientes con EPOC declina una media 

anual de 400-500 pasos/día, se desconoce si esta progresión es igual en todos los 

pacientes. Este estudio pretendió identificar los patrones de progresión de la actividad 

física mediante métodos libres de hipótesis y evaluar sus determinantes.  

Métodos: Se estudiaron 291 pacientes con EPOC estable (media±DE 68±8 años, 

81% hombres, VEMS 59±19%pred) de dos cohortes europeas con actividad física basal 

y a 12 meses (acelerómetro Dynaport MoveMonitor). Se identificaron conglomerados 

(patrones) de progresión de actividad física basados en los niveles y cambios de 

pasos/día usando k-means, y se compararon entre patrones las características 

sociodemográficas, interpersonales, ambientales, clínicas y psicosociales basales. 

Resultados: Se identificaron tres patrones: Inactivo (n=173 [59%], basal: 4621±1757 

pasos/día, cambio en 12 meses (Δ): -487±1201 pasos/día), Activo que aumenta (n=49 

[17%], basal: 7727±3275 pasos/día, Δ: +3378±2203 pasos/día) and Activo que reduce 

(n=69 [24%], basal: 11267±3009 pasos/día, Δ: -2217±2085 pasos/día). La distancia en 

la prueba de la marcha de 6 minutos (6MWD) y la disnea se asociaron 

independientemente con ser Inactivo: RRR [95% CI] 0.94 [0.90-0.98] por cada 10 m de 

6MWD (p=0.001) y 1.71 [1.12-2.60] por cada punto en la escala mMRC (p=0.012), 

respectivamente, en comparación con el patrón Activo que reduce. No se encontraron 

variables basales independientemente asociadas con ser Activo que aumenta. 

Conclusiones: La progresión natural de la actividad física en pacientes con EPOC es 

heterogénea. Mientras que el patrón de pacientes Inactivo se relaciona con peores 

características clínicas de EPOC, no se pudo predecir la evolución de los Activos a 

aumentar o reducir.  
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Introduction 

Physical activity is a key prognostic factor in chronic obstructive pulmonary disease 

(COPD), yet poorly understood. COPD patients are less active than healthy controls 

from the early stages of disease onwards (1–3) and this reduced activity has been 

associated with impaired prognosis and accelerated progression of COPD (4,5). For 

this reason, several national and international COPD guidelines recommend 

encouraging patients to maintain a good physical activity level (6,7).  

 

Despite patients’ and health professionals’ efforts, physical activity has been shown to 

exhibit a spontaneous decline of an average of 400 to 500 steps/day per year in COPD 

patients (8–14). Such observed decline has been related, although not consistently, to 

lower lung function levels (10,11), the presence of exacerbations (15–17) or the 

seasonality of testing (eg, decline observed in patients going from summer to winter) 

(12,18). Given the heterogeneous nature and progression of COPD (19), it can be 

hypothesized that physical activity progression also displays different patterns, not 

captured by the mean physical activity values. Two previous studies support this 

hypothesis by showing distinct physical activity trajectories over 9 months after a 

pulmonary rehabilitation program (20,21). However, the reported progression in 

physical activity after rehabilitation programs probably does not reflect how physical 

activity evolves in the wider COPD population nor in an observational setting, where 

patients receive a variable combination of pharmacological and non-pharmacological 

treatments.  

 

We aimed (1) to identify, using a hypothesis-free approach, distinct patterns of natural 

physical activity progression in COPD patients recruited from diverse settings (primary 

care, hospital and rehabilitation services) and followed during 12 months; and (2) to 
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assess the baseline sociodemographic, interpersonal, environmental, clinical and 

psychological determinants for the identified patterns. Better understanding of the 

natural progression of physical activity, of potential distinct patterns and of their 

determinants could help to individualize strategies to increase (or prevent a decline in) 

physical activity.  

Methods 

Study design and patient population 

This was an observational (no intervention) cohort study of 12-month follow-up 

including patients from: (1) the usual care arm (n=205) from the Urban Training study 

(22), that recruited patients from primary care and tertiary hospitals in five Catalan 

seaside municipalities (Badalona, Barcelona [center and shore areas], Mataró, 

Viladecans and Gavà); and (2) the clinically stable patients (n=207) from the 

PROactive validation study (23), that recruited patients from primary care settings, 

rehabilitation centers and tertiary hospitals in five European cities (Athens/Greece, 

Edinburgh and London/United Kingdom, Groningen/Netherlands, and 

Leuven/Belgium). Both studies defined COPD according to ATS/ERS (post-

bronchodilator forced expiratory volume in 1 second (FEV1) to forced vital capacity 

(FVC) ratio <0.70) (24). Patients were included in the present analyses if they had a 

valid physical activity measure (see below) at baseline and 12-month follow-up. 

 

Both studies were approved by all local institutional review boards and written informed 

consent, including re-use of data for COPD-related research, was obtained from all 

patients.  
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Physical activity measurements 

Physical activity was objectively measured using the Dynaport MoveMonitor 

(McRoberts BV, The Hague, The Netherlands) (25) for one week at baseline and 

follow-up. In Urban Training, patients wore the monitor for 24 hours and data during 

waking hours (from 07:00 h to 22:00 h) were retrieved. In PROactive, patients wore the 

device during waking hours. A valid physical activity measurement was defined as a 

minimum of three days with at least 8 hours of wearing time within waking hours for 

both studies (26); details have been previously published (22,23). A physical activity 

report was provided to patients if requested. 

 

We used step count as the primary outcome to define physical activity progression 

patterns, and time spent in physical activity of moderate to vigorous intensity (MVPA, 

≥3 METs [metabolic equivalents of tasks] min/day), movement intensity (m/s2) during 

walking, and sedentary time (sum of lying and sitting time, hours/day) as secondary 

physical activity outcomes to describe patterns. Physical activity experience was 

assessed by the amount, difficulty and total scores of the Clinical visit-PROactive 

Physical Activity in COPD (C-PPAC) tool (23). 

Other measurements 

We used variables available from both studies (ie exactly the same or equivalent 

standardized questions and procedures had been used) or variables that were 

available from one study only but had been related to physical activity or its evolution in 

the literature: (i) sociodemographic: age, sex, smoking history and education; (ii) 

interpersonal: marital status, working status, grandparenting and dog walking; (iii) 

environmental: season of recruitment, average yearly rainfall and urban vulnerability 

index (a measure of socioeconomic status at the census tract level); (iv) clinical: post-
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bronchodilator FEV1 and FVC, the 6-min walking distance (6MWD) test, the COPD 

Assessment test (CAT), the Clinical COPD Questionnaire (CCQ), the modified Medical 

Research Council dyspnea scale (mMRC), the number of acute COPD exacerbations 

requiring a hospital admission in the previous 12 months and during follow-up, body 

mass index (BMI) and fat free mass index (FFMI) by physical examination and 

bioelectrical impedance, comorbidities from medical records, pharmacological 

treatment for COPD, pulmonary rehabilitation at baseline and follow-up, incident 

diseases during follow-up, and knowledge of baseline physical activity (ie report on 

request); and (v) psychological: the Hospital Anxiety (HAD-A) and Depression (HAD-D) 

scores. Full details on study procedures and quality control have been reported 

previously (22,23,27). 

Statistical analysis 

Sample size calculations, missing data strategy and full statistical analyses are 

provided in the supplement. 

 

We identified cluster groups (physical activity patterns) using k-means (28), a 

hypothesis-free method that allowed grouping patients based on the baseline level, the 

final level and the change in daily step count. To characterize the patterns, we 

described physical activity and physical activity experience variables according to the 

cluster groups and compared baseline to follow-up values by paired t-tests.  

 

To assess determinants of physical activity progression patterns, we first compared 

subjects’ characteristics by physical activity patterns and obtained p-values from mixed 

logistic regression models with random intercepts for study and city area to account for 

possible heterogeneity in unmeasured characteristics related to study and city area. 

Then we built a multivariable multinomial regression model using the generalized linear 
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latent and mixed model, with also random intercepts for study and city (29). Model 

building combined step-forward and backward algorithms and we tested goodness of fit 

of the final model.  

 

As sensitivity analyses, we (1) repeated cluster analysis separately for Urban Training 

and PROactive; (2) tested the association between the change in daily step count and 

the change in wearing time overall and per pattern; and (3) repeated the clustering 

after excluding patients included in pulmonary rehabilitation programs at baseline 

and/or during follow-up.  

 

All analyses were conducted using Stata/SE 14.2 (StataCorp, College Station, TX, 

USA). 

Results 

From 412 patients at baseline, 291 (71%) completed the follow-up visit and were 

included in the current analyses (Figure S1). These patients had a higher proportion of 

males, better functional status and were more active at baseline than those lost-to 

follow-up (Table S1). Included patients were 81% male and had a mean age of 68 

years, FEV1 of 59% predicted, 6MWD of 477 m, mMRC dyspnea score of 1.3, and 

walked 6720 steps/day (Table 1). Compliance with the activity monitor during waking 

hours was excellent: at baseline median (range) valid days of 7 (3-7) and mean±SD 

wearing hours of 14.6±0.5 in Urban Training, and 6 (3-7) days and 14.8±2.2 wearing 

hours in PROactive; and at follow-up, 7 (4-7) days and 14.6±0.6 wearing hours in 

Urban Training, and 6 (3-7) days and 14.4±2.2 wearing hours in PROactive.   

At the group level, the step count did not change over 12 months. In the hypothesis-

free approach, we identified three cluster groups (three distinct physical activity 
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patterns) (Figure 1, Table S2). A first cluster (n=173 [59%]), labelled Inactive pattern 

due to the low step count, walked at baseline mean±SD 4621±1757 steps/day and 

decreased their physical activity by 487±1201 steps/day over 12 months. A second 

cluster (n=49 [17%]), labelled Active Improvers, walked 7727±3275 steps/day at 

baseline and increased by 3378±2203 steps/day. The third cluster (n=69 [24%]), 

labelled Active Decliners, walked 11267±3009 steps/day at baseline and decreased by 

2217±2085 steps/day. Distribution of MVPA and walking intensity by physical activity 

pattern followed the same sequence as steps/day, except for walking intensity in Active 

Improvers that did not change. Sedentary time did not change for Inactive, decreased 

for Active Improvers and increased moderately for Active Decliners. The physical 

activity experience as expressed by C-PPAC scores did not change for the Inactive 

pattern; the Active Improvers increased the C-PPAC scores (ie, increased amount and 

reduced difficulty); the Active Decliners decreased the C-PPAC amount and total 

scores while the C-PPAC difficulty score did not change (Figure 2, Table S2).  

 

Patients in the Inactive physical activity pattern had a higher degree of education, a 

smaller proportion was living with a partner or grandparenting, and they presented with 

a worse general health status, lower lung function, poorer exercise capacity, worse 

quality of life and higher dyspnea and depression scores than those in the Active 

Improvers or Decliners patterns (Table 2). Active Improvers and Decliners were very 

similar in their baseline characteristics, except for their daily step count.  

 

In the multivariable multinomial logistic regression model we used Active Decliners as 

the reference pattern to capture both the determinants of being Inactive vs Active and 

the determinants of being an Active Improver vs Decliner. A lower exercise capacity and 

a higher mMRC dyspnea score were independently related with being Inactive whereas 
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no variable was identified as independently associated with being an Active Improver 

(Table 3). The final model showed good fit. Sensitivity analyses confirmed the results 

(Tables S3, S4 and S5). 

Discussion 

This study identified, for the first time to our knowledge, the natural progression of 

physical activity in COPD patients. We used a hypothesis-free approach that allowed 

the identification of patterns without a priori assumptions about the physical activity 

changes over time. We found that (1) the natural change in physical activity over time 

was indeed heterogeneous; (2) the majority of patients (59%) was inactive at baseline 

and decreased their physical activity level subsequently; (3) among active individuals 

some increased and some decreased their physical activity level; and (4) although 

clinical COPD characteristics were related to the physical activity level at baseline they 

could not predict subsequent physical activity changes. 

A first important finding is that physical activity progression in COPD is heterogeneous. 

In our 12-month study, mean changes in the full group were virtually zero; however 

when using hypothesis-free clustering methods, we identified one Inactive pattern 

which decreased and two Active patterns which increased or decreased physical 

activity. This observation is in line with previous reports of heterogeneous physical 

activity progression in patients with rheumatoid arthritis (30). The average lack of 12-

month change in step count differs from previous studies that showed overall a 

decrease in physical activity (8,10,11,13). A potential explanation is that most of these 

studies recruited patients from outpatient or pulmonary clinics, who may have slightly 

more advanced disease and reduced variability in physical activity and COPD 

characteristics as compared to our sample including also primary care. Supporting this, 

the group of patients who started with a lower physical activity (59%) was similar in 
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their baseline characteristics to previous studies and also had a comparable mean 

decrease of around 500 steps/day (10,11). Notably, the low overall dyspnea score may 

have positively influenced the physical activity level of our study population. A second 

explanation could lie in the high proportion of male subjects and regional differences in 

physical activity practice (a cohort of patients included in the Mediterranean region (5) 

had a baseline physical activity comparable to the Urban Training sample). These 

characteristics of our sample could justify the two patterns with relatively high baseline 

physical activity and an average small physical activity change.  

 

The second important finding is that there seems to exist a group of COPD patients 

(our Active Improvers) that spontaneously increase their physical activity over time. Of 

note, such observed increase of >3000 steps/day is remarkably high given that the 

minimal important difference has been proposed between 600 and 1100 steps/day 

(31). There are several possibilities that would explain this observed increase. First, 

some patients could have been inactive at baseline by chance; however, we tested this 

option against study records by screening for atypical events and it did not hold true. 

Second, regression to the mean could account for part of the increase, but in our data 

regression to the mean was estimated to account for maximal 25% of the effect. Third, 

changes in daily steps could be due to changes in wearing time, but this was not the 

case in our study (Table S4). Fourth, patients could have increased their physical 

activity after participation in rehabilitation programs, but this was dismissed in our 

analysis (Table S5). Finally, we considered that some patients in the usual care arm of 

Urban Training could have increased their physical activity due to being enrolled in a 

physical activity study. However, the proportion of patients from Urban Training was 

similar between Active Improvers and Active Decliners. Thus, we suggest that some 

patients do actually increase their physical activity.  
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The evolution of other physical activity variables provided complementary information. 

Time in MVPA and sedentary time (opposite direction) paralleled the progression of 

step count in all three patterns, supporting previous research that suggested that in 

COPD patients, physical activity and sedentary time provide information about the 

same concept (5). We also investigated the progression of physical activity from the 

perspective of patients. As expected, C-PPAC amount and total scores followed a 

trend similar to the objectively measured physical activity, as they include steps/day in 

their calculation. However, C-PPAC difficulty score remained unchanged in Inactive 

and Active Decliners and increased (ie, less difficulty) in Active Improvers, suggesting 

that the observed increase in amount could be related to experiencing fewer difficulties 

(less dyspnea for instance (32)) while being active. 

 

Our third main finding is the impossibility to predict the physical activity progression 

patterns, despite having included sociodemographic, interpersonal, environmental and 

psychological characteristics in addition to the typical clinical COPD variables. We 

found a large set of COPD-related, functional characteristics associated with the 

Inactive pattern, in accordance with previous, mainly cross-sectional, literature about 

the determinants of physical activity levels in COPD (2,4). Also higher education levels, 

lower social support (living alone, not taking care of grandchildren) and higher 

depression scores related to being in the Inactive pattern, although none of these 

factors remained in the multivariable model suggesting they were subject to 

confounding.  

 

Most tellingly, we did not identify any factors that could predict among Active patients, 

the evolution to Improvers or Decliners. Surprisingly, the presence of severe 
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exacerbations during follow-up did not play any role. It could be speculated that our 

harmonized exacerbation data was not detailed enough to distinguish the severity of 

exacerbations, the length of hospital stay or the time from the last exacerbation to 

physical activity assessment at follow-up. We also considered the role of incident 

comorbidities during follow-up, which could have influenced behavior, but they were not 

significantly different for the three patterns. Pharmacological treatment for COPD was 

not different across progression patterns discarding any potential role for treatment 

inappropriateness. Moreover, we did not find an association between the recruitment 

season and physical activity progression. This is in line with the hypothesis that the 

recruitment season, although possibly affecting the baseline levels of physical activity 

(12,18,33), would not affect the progression pattern during a follow-up of 12 months. 

Finally, we did not find an effect of accumulated rainfall on physical activity 

progression, as recently described cross-sectionally in the same PROactive population 

(14).  

 

Our study has several implications. It adds to the current knowledge that contrary to the 

general belief not all patients decline but some patients considerably improve their 

physical activity, which should be confirmed in future research and shows the 

importance of including a usual care group in intervention studies. The limitation of 

traditional clinical COPD characteristics to predict physical activity progression 

suggests that further research should broaden the view and give more attention to 

interpersonal and environmental factors potentially related to the individual’s 

motivation. As the optimal timing and use of physical activity interventions to improve 

physical activity  (especially in the long term) is still unclear (34), understanding the 

different COPD progression patterns may help to overcome a one-size-fits-all approach 

and customize physical activity promotion to reflect different physical activity practices 
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and different treatment needs (35). Finally, our results highlight the limitation of using 

mean population values in phenomena that are heterogeneous in nature.  

 

A major strength of our study is the inclusion of patients across a broad spectrum of 

disease severities and physical activity in several European cities. This makes our 

results applicable (i.e., more representative) to a larger COPD population than a single 

recruitment setting or severity group. In addition, the inclusion of patients from diverse 

geographic locations allowed us to indirectly control for residual confounding. 

Moreover, we included some variables beyond the conventional clinical COPD 

characteristics (36). The use of the hypothesis-free clustering approach allowed us to 

identify patterns of physical activity progression based on the distribution of the data 

without prior assumptions. 

 

However, we acknowledge some shortcomings. We had a small sample size for some 

of the hypothesized determinants of physical activity progression patterns, such as dog 

walking, current pulmonary rehabilitation and knowledge of baseline physical activity, 

which precluded our ability to test their role. Similarly, we did not collect information on 

some physical activity barriers (eg costs or transportation difficulties), which precluded 

testing their role on physical activity progression. The drop-out was 29% which is 

comparable to previous studies (37,38) but the excluded patients had worse functional 

parameters, and we cannot rule out that they would have presented with a fourth, 

potentially declining pattern. The two measurement points available for both studies 

allowed to investigate only linear patterns over time. Having more data points could 

provide more detailed information on the trajectories. In addition, a longer follow-up 

would have been desirable, but the 12-month span appears reasonably long to provide 

this first novel insight into physical activity patterns. Finally, one might argue that 
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pooling of the two studies was not appropriate, although our sensitivity analyses 

showed similar cluster results and characteristics and it resulted in a broad spectrum of 

physical activity and COPD severity.  

 

In conclusion, the natural change in physical activity over time in COPD patients is 

heterogeneous and three distinct patterns of physical activity progression have been 

identified: a predominant Inactive pattern, related to worse scores for clinical COPD 

characteristics, and two Active patterns, Improvers and Decliners, which cannot be 

predicted at baseline.  
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Table 1 Patient characteristics at baseline and at 12-month follow-up for all patients 

(n=291) and by study group (Urban Training and PROactive study). 
 

 All patients Urban 

Training 

study 

PROactive 

study 

 n = 291 

(100%) 

n = 148a  

(51%) 

n = 143a  

(49%) 

Sociodemographic    

Age (years) 68±8 69±8 67±8 

Sex (men) 237 (81) 130 (88) 107 (75) 

Current smoker  52 (18) 30 (20) 22 (15) 

Pack-years 58±41 60±45 56±37 

Education, high school or higher 168 (58) 49 (33) 119 (83) 

Interpersonal    

Living with a partnerb 216 (74) 124 (84) 92 (65) 

Active workerc 36 (12) 16 (11) 20 (14) 

Grandparentingd 67 (45) 67 (45) - 

Dog walkingd 20 (14) 20 (14) - 

Environmental    

Recruitment season    

   Spring 35 (12) 35 (24) 0 (0) 

   Summer 58 (20) 15 (10) 43 (30) 

   Fall 154 (53) 54 (36) 100 (70) 

   Winter 44 (15) 44 (30) 0 (0) 

Average rainfall (h/day)e,f 0.62 

(0.30-1.13) 
- 

0.62 

(0.30-1.13) 

Urban vulnerability index (from 0 -lowest to 1 –highest)d,g 0.637±0.175 0.637±0.175 - 

Clinical    

FEV1 (% predicted) 58.6±19.3 58.2±17.6 59.0±21.0 

FEV1/FVC ratio 0.51±0.13 0.55±0.12 0.48±0.13 

Airflow limitation severity (post-bronchodilator FEV1)    

   GOLD 1: Mild (FEV1 ≥ 80% predicted) 39 (13) 15 (10) 24 (17) 

   GOLD 2: Moderate (50% ≤ FEV1 < 80% predicted) 147 (51) 80 (54) 67 (47) 

   GOLD 3: Severe (30% ≤ FEV1 < 50% predicted) 88 (30) 45 (30) 43 (30) 

   GOLD 4: Very Severe (FEV1 < 30% predicted) 17 (6) 8 (6) 9 (6) 

6MWD (meters) 477±103 501±83 452±116 

CAT score (0–40) 12.9±7.6 12.2±7.6 13.6±7.5 

CCQ score (0-6) 1.55±0.98 1.40±0.95 1.70±0.98 

C-PPAC amount score (0-100) 69.0±15.8 74.7±14.9 63.8±14.9 

C-PPAC difficulty score (0-100) 78.4±14.5 82.7±13.4 74.5±14.5 

C-PPAC total score (0-100) 73.7±12.8 78.7±11.5 69.2±12.3 

mMRC score (0-4) 1.3±0.9 1.1±0.8 1.5±1.0 

Any COPD exacerbation with hospital admission in previous 12 

months 
34 (12) 12 (8) 22 (15) 

BMI (kg/m2) 27.6±4.6 28.3±4.6 26.8±4.6 

FFMI (kg/m2) 19.0±3.0 19.6±3.2 18.4±2.8 

Cardiovascular diseaseh 176 (60) 90 (61) 86 (60) 

Ischemic heart diseaseh 29 (10) 13 (9) 16 (11) 

Diabetes mellitush 51 (18) 38 (26) 13 (9) 

LABA or LAMA, alone 41 (14) 23 (16) 18 (13) 

Inhaled corticosteroid with LABA and/or LAMA 179 (62) 80 (54) 99 (71) 

Pulmonary rehabilitation at baseline 15 (5) 6 (4) 9 (6) 

Knowledge of baseline PA 19 (7) 19 (13) 0 (0) 

Psychological    

Anxiety (HAD-A, 0-21) 5±4 5±4 5±4 

Depression (HAD-D, 0-21) 4±3 3±3 5±3 

Physical activity    

Step count (steps/day) 6720±3667 7783±3847 5619±3121 

Time in moderate-to-vigorous physical activity (≥3 METs; 

min/day) 
99.4±45.3 109.1±45.7 89.4±42.8 
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Intensity during walking (m/s2) 1.86±0.31 1.88±0.32 1.84±0.29 

Sedentary time (h/day) 10.53±1.94 10.43±1.48 10.64±2.31 

Wearing time (h/day) 14.73±1.56 14.64±0.54 14.81±2.16 

Follow-up data    

Any COPD exacerbation with hospital admission during follow-up 28 (10) 10 (7) 18 (13) 

Any incident comorbidity during follow-upd,i 34 (23) 34 (23) - 

Pulmonary rehabilitation during follow-up 16 (6) 6 (4) 10 (7) 

Wearing time at follow-up (h/day) 14.52±1.63 14.60±0.61 14.43±2.24 

 

Notes: Data are presented as n (%), mean±SD or median (interquartile range). 
aSome variables have missing values, as follows. Urban Training: 1 in education, 25 in C-PPAC scores, 1 in any COPD 

exacerbation with hospital admission in previous 12 months, 18 in FFMI, 2 in HAD anxiety and depression, 5 in any 

COPD exacerbation with hospital admission during follow-up, 2 in pulmonary rehabilitation during follow-up; PROactive: 

1 in living with a partner, 21 in average rainfall, 1 in CAT score, 1 in CCQ score, 6 in C-PPAC scores, 8 in FFMI, 3 in 

LABA or LAMA, alone, 3 in inhaled corticosteroid with LABA and/or LAMA, 1 in HAD anxiety and depression, 3 in 

pulmonary rehabilitation during follow-up. 
bmarital status: living with a partner vs single, widowed or divorced.  
cworking status: active worker (working full-time or part-time) vs. unemployed, housework or retired. 
donly available for Urban Training.  
eonly available for PROactive. 
faverage rainfall was calculated as the mean of the measurements at baseline, 6 and 12 months.  
gThe urban vulnerability index is a measure of socioeconomic status at the census tract level that combines 

demographic, economic, residential and subjective indicators, and ranges from lowest [0] to highest [1] level of 

neighborhood vulnerability. 
hICD10 codes: I00 to I99 for cardiovascular diseases; I20 to I25 for ischemic heart disease, E14 for diabetes mellitus.  
iincident comorbidities included ICD10 codes C00 to N99. 

Abbreviations: FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; GOLD: Global Initiative for 

Chronic Obstructive Lung Disease; 6MWD: 6-min walking distance; CAT: COPD Assessment Test; CCQ: Clinical COPD 

Questionnaire; C-PPAC: Clinical visit—PROactive Physical Activity in COPD (higher numbers indicate a better score); 

mMRC: modified Medical Research Council; BMI: body mass index; FFMI: fat free mass index; LABA: long-acting beta2-

agonists; LAMA: long-acting anti-muscarinics; HAD-A: Hospital Anxiety and Depression scale – Anxiety; HAD-D: 

Hospital Anxiety and Depression scale – Depression; MET: metabolic equivalent of task.  
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Table 2 Patient characteristics by physical activity progression pattern (Inactive, Active 

Improvers and Active Decliners) in 291 COPD patients. 

 

 

Inactive 
Active 

Improvers 

Active 

Decliners 

p-value for 

Inactive vs 

Active 

Improvers 

and 

Declinersb 

p-value 

for Active 

Improvers 

vs 

Declinersb 
 

n = 173a  

(59%) 

n = 49a  

(17%) 

n = 69a  

(24%) 

  

Urban Training study 59 (34) 39 (80) 50 (72)   

PROactive study 114 (66) 10 (20) 19 (28)   

Sociodemographic      

Age (years) 68±8 69±9 67±7 0.282 0.079 

Sex (men) 137 (79) 41 (84) 59 (86) 0.931 0.789 

Current smoker 33 (19) 5 (10) 14 (20) 0.152 0.152 

Pack-years 60±38 63±52 49±40 0.187 0.082 

Education, high school or 

higher 
124 (72) 20 (42) 24 (35) 0.006 0.452 

Interpersonal      

Living with a partnerc 115 (66) 42 (88) 59 (86) 0.017 0.714 

Active workerd 18 (10) 6 (12) 12 (17) 0.088 0.454 

Grandparentinge 20 (34) 21 (54) 26 (52) 0.039 0.863 

Environmental      

Average rainfall (h/day)f,g 0.63 

(0.33-1.13) 

0.90 

(0.57-1.47) 

0.33 

(0.23-1.00) 
0.877 0.329 

Urban vulnerability index (from 

0 -lowest to 1 –highest)e,h 
0.646±0.176 0.613±0.200 0.646±0.153 0.312 0.369 

Clinical      

FEV1 (% predicted) 55.9±19.8 62.9±15.8 62.4±19.5 0.001 0.875 

FEV1/FVC ratio 0.48±0.14 0.55±0.11 0.55±0.11 0.004 0.904 

6MWD (meters) 446±105 521±90 524±78 <0.001 0.861 

CAT score (0-40) 14.2±7.7 11.5±7.3 10.5±6.6 0.002 0.435 

CCQ score (0-6) 1.74±0.97 1.23±0.91 1.29±0.93 0.001 0.780 

C-PPAC difficulty score  

(0-100)i 
74.9±14.7 82.6±13.6 84.8±11.6 <0.001 0.380 

mMRC score (0-4) 1.5±1.0 1.0±0.8 0.9±0.7 <0.001 0.329 

Any COPD exacerbation with 

hospital admission in previous 

12 months 

24 (14) 4 (8) 6 (9) 0.517 0.918 

BMI (kg/m2) 27.6±5.0 27.5±3.9 27.5±4.2 0.139 0.999 

FFMI (kg/m2) 18.9±3.0 19.3±2.9 19.0±3.1 0.650 0.591 

Cardiovascular diseasej 109 (63) 28 (57) 39 (57) 0.221 0.930 

Ischemic heart diseasej 18 (10) 5 (10) 6 (9) 0.898 0.807 

Diabetes mellitusj 23 (13) 11 (22) 17 (25) 0.412 0.786 

LABA or LAMA, alone 24 (14) 7 (14) 10 (15) 0.796 0.949 

Inhaled corticosteroid with 

LABA and/or LAMA 
115 (67) 28 (57) 36 (53) 0.311 0.658 

Psychological      

Anxiety (HAD-A, 0-21) 5±4 5±3 5±4 0.755 0.774 

Depression (HAD-D, 0-21) 5±3 3±3 3±3 0.009 0.992 

Follow-up data      

Any COPD exacerbation with 

hospital admission during 

follow-up 

19 (11) 4 (8) 5 (7) 0.759 0.846 

Any incident comorbidity 

during follow-upe,k 
10 (17) 10 (26) 14 (28) 0.191 0.804 

 
Notes: Data are presented as n (%), mean±SD or median (interquartile range). 
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aSome variables have missing values, as follows. Inactive: 15 in average rainfall, 1 in CAT total, 1 in CCQ score, 14 in 

C-PPAC difficulty score, 17 in FFMI, 2 in LABA or LAMA, alone, 2 in inhaled corticosteroid with LABA and/or LAMA, 1 in 

HAD anxiety and depression, 3 in any COPD exacerbation with hospital admission during follow-up; Active Improvers: 1 

in education, 1 in living with a partner, 2 in average rainfall, 5 in C-PPAC difficulty score, 4 in FFMI, 1 in HAD anxiety 

and depression, 1 in any COPD exacerbation with hospital admission during follow-up; Active Decliners: 4 in average 

rainfall, 12 in C-PPAC difficulty score, 1 in any COPD exacerbation with hospital admission in previous 12 months, 5 in 

FFMI, 1 in LABA or LAMA, alone, 1 in inhaled corticosteroid with LABA and/or LAMA, 1 in HAD anxiety and depression, 

1 in any COPD exacerbation with hospital admission during follow-up.  
bp-value from mixed logistic regression models with random effects for study (UT and PROactive) and city area 

(Badalona, Barcelona-center, Barcelona-shore, Mataró, Viladecans/Gavà, Athens, Edinburgh, Groningen, Leuven, 

London).  
cmarital status: living with a partner vs single, widowed or divorced.  
dworking status: active worker (working full-time or part-time) vs. unemployed, housework or retired. 
eonly available for Urban Training.  
fonly available for PROactive. 
gaverage rainfall was calculated as the mean of the measurements at baseline, 6 and 12 months.  

hThe urban vulnerability index is a measure of socioeconomic status at the census tract level that combines 

demographic, economic, residential and subjective indicators, and ranges from lowest [0] to highest [1] level of 

neighborhood vulnerability. 

ionly C-PPAC difficulty is provided as C-PPAC amount and total score include steps/day which were used for the 

generation of the PA patterns and therefore cannot be assessed as predictors.  
jICD10 codes: I00 to I99 for cardiovascular diseases; I20 to I25 for ischemic heart disease, E14 for diabetes mellitus. 
kincident comorbidities included ICD10 codes C00 to N99. 

Abbreviations: FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; 6MWD: 6-min walking distance; 

CAT: COPD Assessment Test; CCQ: Clinical COPD Questionnaire; C-PPAC: Clinical visit—PROactive Physical Activity 

in COPD (higher numbers indicate a better score); mMRC: modified Medical Research Council; BMI: body mass index; 

FFMI: fat free mass index; LABA: long-acting beta2-agonists; LAMA: long-acting anti-muscarinics; HAD-A: Hospital 

Anxiety and Depression scale - Anxiety; HAD-D: Hospital Anxiety and Depression scale – Depression. 
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Table 3 Adjusted predictive factors for Inactive and Active Improvers vs Active 

Decliners in 291 COPD patients. 

 

 Active Decliners Inactive Active Improvers 

 RRR (95% CI) RRR (95% CI) p-valuea RRR (95% CI) p-valuea 

6MWD (per 10m) 1.00 (ref) 
0.94 

(0.90-0.98) 
0.001 

1.00 

(0.96-1.05) 
0.868 

mMRC score (per 1 point) 1.00 (ref) 
1.71 

(1.12-2.60) 
0.012 

1.23 

(0.73-2.07) 
0.437 

 
Notes: ap-value from multinomial regression model with random effects for study (UT and PROactive) and city area 

(Badalona, Barcelona-center, Barcelona-shore, Mataró, Viladecans/Gavà, Athens, Edinburgh, Groningen, Leuven, 

London). 

Abbreviations: RRR: relative risk ratio; CI: confidence interval. 6MWD: 6-min walking distance; mMRC: modified 

Medical Research Council.  
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Figure 1 Physical activity variables at baseline and at 12-month follow-up, overall and 

by PA progression pattern (Inactive, Active Improvers and Active Decliners).  

 
Notes: Data are presented as mean±SE (specific numbers are presented in Table S2). * p-value ≤0.05.  

Abbreviations: MVPA: moderate-to-vigorous physical activity; MET: metabolic equivalent of task.  
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Figure 2 Physical activity experience variables at baseline and at 12-month follow-up, 

overall and by PA progression pattern (Inactive, Active Improvers and Active 

Decliners).  

 
Notes: Data are presented as mean±SE (specific numbers are presented in Table S2). * p-value ≤0.05.  

Abbreviations: C-PPAC: Clinical visit—PROactive Physical Activity in COPD (higher numbers indicate a better score).  

C-PPAC variables have 87 missing values: 38 in Inactive, 21 in Active Improvers, and 28 in Active Decliners.  
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Statistical analysis full version 

 

We compared the baseline characteristics of patients with follow-up vs those lost to 

follow-up by descriptive statistics and obtained p-values using mixed logistic regression 

models with random intercepts for study.  

 

We identified cluster groups (physical activity patterns) using k-means (1), a 

hypothesis-free method that allowed grouping patients based on the baseline level, the 

final level and the change in daily step count. We used the Calinski-Harabasz stopping 

rule to decide the number of clusters (2). To characterize the patterns, we described 

physical activity and physical activity experience variables according to the cluster 

groups and compared baseline to follow-up values by paired t-tests. Because both 

studies used the same data collection methods main results are based on the pooled 

dataset and corrected for study.  

 

To assess determinants of physical activity progression patterns, we first compared 

subjects’ characteristics by physical activity patterns and obtained p-values from mixed 

logistic regression models with random intercepts for study and city area to account for 

possible heterogeneity in unmeasured characteristics related to study and city area. 

Then we built a multivariable multinomial regression model using the generalized linear 

latent and mixed model, with also random intercepts for study and city (3). Model 

building combined step-forward and backward algorithms, and determinants were 

included in the final model if: (i) they related to the outcome with a p-value <0.05; or (ii) 

they modified (>10% change in regression coefficient) the estimates of the remaining 

variables in the model (4). We tested goodness of fit of the final model.  
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We performed the following sensitivity analyses: (1) to investigate a possible difference 

between the two study samples, cluster analysis and description of resulting patterns 

was performed separately for both samples; (2) to test whether the observed patterns 

were due to changes in wearing time, we tested the association between the change in 

daily step count and the change in wearing time overall and per pattern; (3) to rule out 

a relevant effect of pulmonary rehabilitation on the physical activity patterns we 

repeated the clustering after excluding patients included in pulmonary rehabilitation 

programs at baseline and/or during follow-up.  

 

We estimated that the available sample size (n=291), fixed by the primary objectives of 

the original studies, was sufficient to identify physical activity patterns using cluster k-

means, as our ratio of number of subjects to number of variables (291/3 = 97) was 

much higher than the 0.01 often used for the same analysis in other contexts (5,6). 

 

Due to the small proportion of missing data (<2% of total data), we used a complete 

case strategy and reported missing data in the table footnotes.  

 

All analyses were conducted using Stata/SE 14.2 (StataCorp, College Station, TX, 

USA). 
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Figure S1 Flow of participants through the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Urban Training study 
usual care arm  

(n=205) 

Died during study (n=1) 
Withdrew (n=20) 
Untraced (n=10) 

Exclusion criteria (n=25) 
Invalid activity monitor at 12 months (n=1) 

Follow-up at 12 months 
 (n=148) 

Pooled study cohorts 
(n=291) 

PROactive study 
stable at baseline 

(n=207) 

Died during study (n=2) 
Withdrew (n=18) 
Untraced (n=12) 

Exclusion criteria (n=22) 
Invalid activity monitor at 12 months (n=10) 

Follow-up at 12 months 
 (n=143) 
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Table S1 Patient characteristics at baseline for all patients (Urban Training and 

PROactive study, n=412) and for patients with 12-month follow-up vs lost-to follow-up. 

 

 
All patients Follow-up 

Lost-to  

follow-up 

p-

valueb 

 n = 412 

(100%) 

n = 291a 

(71%) 

n = 121a 

(29%) 
 

Sociodemographic     

Age (years) 68±8 68±8 68±8 0.745 

Sex (men) 316 (77) 237 (81) 79 (65) 0.001 

Current smoker (yes) 77 (19) 52 (18) 25 (21) 0.508 

Pack-years 58±41 58±41 60±41 0.684 

Education, high school or higher 236 (57) 168 (58) 68 (56) 0.746 

Interpersonal     

Living with a partnerc 291 (71) 216 (74) 75 (63) 0.016 

Active workerd 47 (11) 36 (12) 11 (9) 0.342 

Grandparentinge 89 (43) 67 (45) 22 (39) 0.389 

Dog walking e 26 (13) 20 (14) 6 (11) 0.566 

Environmental     

Recruitment season     

   Spring 55 (13) 35 (12) 20 (16) 

0.161 
   Summer 82 (20) 58 (20) 24 (20) 

   Fall 218 (53) 154 (53) 64 (53) 

   Winter 57 (14) 44 (15) 13 (11) 

Urban vulnerability index (from 0 -lowest to 1 –

highest)e,f 
0.642±0.178 0.637±0.175 0.655±0.186 0.514 

Clinical     

FEV1 (% predicted) 57.7±18.9 58.6±19.3 55.6±17.9 0.140 

FEV1/FVC ratio 0.51±0.13 0.51±0.13 0.51±0.13 0.699 

Airflow limitation severity (post-bronchodilator FEV1)     

   GOLD 1: Mild (FEV1 ≥ 80% predicted) 52 (13) 39 (13) 13 (11) 

0.259 
   GOLD 2: Moderate (50% ≤ FEV1 < 80% predicted) 207 (50) 147 (51) 60 (50) 

   GOLD 3: Severe (30% ≤ FEV1 < 50% predicted) 125 (30) 88 (30) 37 (30) 

   GOLD 4: Very Severe ( FEV1 <30% predicted) 28 (7) 17 (6) 11 (9) 

6MWD (meters) 461±109 477±103 421±111 <0.001 

CAT score (0–40) 13.3±7.5 12.9±7.6 14.2±7.3 0.094 

CCQ score (0-6) 1.59±0.98 1.55±0.98 1.69±0.98 0.172 

C-PPAC amount score (0-100) 67.8±16.9 69.0±15.8 64.2±19.5 0.024 

C-PPAC difficulty score (0-100) 77.9±14.9 78.4±14.5 76.3±16.0 0.269 

C-PPAC total score (0-100) 72.8±13.6 73.7±12.8 70.3±15.4 0.044 

mMRC score (0-4) 1.4±1.0 1.3±0.9 1.7±1.1 <0.001 

Any COPD exacerbation with hospital admission in 

previous 12 months 
49 (12) 34 (12) 15 (13) 0.781 

BMI (kg/m2) 27.7±5.2 27.6±4.6 28.1±6.3 0.306 

FFMI (kg/m2) 18.8±3.2 19.0±3.0 18.4±3.5 0.086 

Cardiovascular diseaseg 240 (59) 176 (60) 64 (54) 0.212 

Ischemic heart diseaseg 40 (10) 29 (10) 11 (9) 0.823 

Diabetes mellitusg 73 (18) 51 (18) 22 (18) 0.817 

LABA or LAMA, alone 56 (14) 41 (14) 15 (13) 0.686 

Inhaled corticosteroid with LABA and/or LAMA 256 (63) 179 (62) 77 (65) 0.557 

Pulmonary rehabilitation at baseline 25 (6) 15 (5) 10 (8) 0.233 

Knowledge of baseline PA 24 (6) 19 (7) 5 (4) 0.348 

Psychological     

Anxiety (HAD-A, 0-21) 5±4 5±4 6±4 0.117 

Depression (HAD-D, 0-21) 4±3 4±3 4±4 0.210 

Physical activity     

Step count (steps/day) 6415±3678 6720±3667 5682±3613 0.010 

Time in moderate-to-vigorous physical activity (≥3 

METs; min/day) 
95.8±45.9 99.4±45.3 87.0±46.2 0.013 

Intensity during walking (m/s2) 1.84±0.31 1.86±0.31 1.80±0.30 0.050 

Sedentary time (h/day) 10.53±1.93 10.53±1.94 10.52±1.92 0.961 



42 

 

 

 

Notes: Data are presented as n (%), mean±SD.  

aSome variables have missing values, as follows. Follow-up: 1 in education, 1 in living with a partner, 1 in CAT total, 1 in 

CCQ score, 31 in C-PPAC scores, 1 in any COPD exacerbation with hospital admission in previous 12 months, 26 in 

FFMI, 3 in LABA or LAMA, alone, 3 in inhaled corticosteroid with LABA and/or LAMA,  3 in HAD anxiety and depression; 

Lost-to follow-up: 1 in living with a partner, 1 in 6MWD, 33 in C-PPAC scores, 3 in any COPD exacerbation with hospital 

admission in previous 12 months, 5 in FFMI, 2 in ICD10 codes: I00 to I99 for Cardiovascular diseases; I20 to I25 for 

Ischemic heart disease, E14 for Diabetes mellitus, 3 in LABA or LAMA, alone, 3 in inhaled corticosteroid with LABA 

and/or LAMA, 1 in HAD depression. 
bp-value from mixed logistic regression models with random effects for study (Urban Training and PROactive), due to 

small numbers random effects for city area were not applied.  
cmarital status: living with a partner vs single, widowed or divorced.  
dworking status: active worker (working full-time or part-time) vs. unemployed, housework or retired.  
eonly available for Urban Training.  
fThe urban vulnerability index is a measure of socioeconomic status at the census tract level that combines 

demographic, economic, residential and subjective indicators, and ranges from lowest [0] to highest [1] level of 

neighborhood vulnerability. 
gICD10 codes: I00 to I99 for cardiovascular diseases; I20 to I25 for ischemic heart disease, E14 for diabetes mellitus. 

Abbreviations: FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; GOLD: Global Initiative for 

Chronic Obstructive Lung Disease; 6MWD: 6-min walking distance; CAT: COPD Assessment Test; CCQ: Clinical COPD 

Questionnaire; C-PPAC: Clinical visit—PROactive Physical Activity in COPD (higher numbers indicate a better score); 

mMRC: modified Medical Research Council; BMI: body mass index; FFMI: fat free mass index; LABA: long-acting beta2-

agonists; LAMA: long-acting anti-muscarinics; HAD-A: Hospital Anxiety and Depression scale - Anxiety; HAD-D: 

Hospital Anxiety and Depression scale – Depression; MET: metabolic equivalent of task.  
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Table S2 Physical activity and physical activity experience variables at baseline and at 12-month follow-up, overall and by PA progression 
pattern (Inactive, Active Improvers and Active Decliners). 
 

 All Inactive Active Improvers Active Decliners 

 n = 291a n = 173a  

(59%) 

n = 49a  

(17%) 

n = 69a  

(24%) 

 Baseline 
Follow-

up 
Change 

p-

valueb 
Baseline 

Follow-

up 
Change 

p-

valueb 
Baseline 

Follow-

up 
Change 

p-

valueb 
Baseline 

Follow-

up 
Change 

p-

valueb 

Step count  

(steps/day) 

6720 

±3667 

6474 

±3772 

-246 

±2420 
0.084 

4621 

±1757 

4134 

±1817 

-487 

±1201 
<0.001 

7727 

±3275 

11105 

±3330 

3378 

±2203 
<0.001 

11267 

±3009 

9051 

±2897 

-2217 

±2085 
<0.001 

Time in MVPA 

(≥3 METs; 

min/day) 

99.4 

±45.3 

96.1 

±47.5 

-3.3 

±29.1 
0.052 

74.5 

±25.9  

68.2 

±26.6 

-6.3 

±16.7 
<0.001 

114.8 

±47.2 

152.7 

±47.1 

37.9 

±26.8 
<0.001 

150.9 

±32.3  

125.8 

±33.0 

-25.0 

±26.0 
<0.001 

Intensity 

during walking 

(m/s2) 

1.86 

±0.31 

1.82 

±0.31 

-0.04 

±0.19 
<0.001 

1.78 

±0.27 

1.73 

±0.27 

-0.05 

±0.19 
<0.001 

1.90 

±0.34 

1.95 

±0.32 

0.05 

±0.17 
0.062 

2.03 

±0.30 

1.95 

±0.30 

-0.08 

±0.17 
<0.001 

Sedentary 

time (h/day) 

10.53 

±1.94 

10.46 

±1.98 

-0.08 

±1.82 
0.463 

11.03 

±2.00 

10.98 

±2.15 

-0.05 

±2.10 
0.744 

10.29 

±1.73 

9.59 

±1.54 

-0.70 

±1.25 
<0.001 

9.46 

±1.39 

9.76 

±1.29 

0.30 

±1.17 
0.037 

C-PPAC 

amount score 

(0-100) 

67.6 

±15.9 

66.7 

±16.0 

-0.9 

±12.7 
0.305 

61.5 

±14.2 

60.3 

±14.7 

-1.2 

±12.4 
0.255 

73.6 

±12.0 

82.3 

±10.3 

8.7 

±11.2 
<0.001 

83.6 

±10.3 

77.1 

±9.4 

-6.5 

±11.0 
<0.001 

C-PPAC 

difficulty score 

(0-100) 

77.2 

±14.3 

77.7 

±13.6 

0.4 

±10.6 
0.547 

74.4 

±14.2 

74.8 

±13.0 

0.4 

±10.0 
0.673 

80.3 

±13.8 

84.5 

±11.3 

4.3 

±11.3 
0.054 

84.4 

±12.5 

82.5 

±14.0 

-1.9 

±11.5 
0.295 

C-PPAC  

total score  

(0-100) 

72.4 

±12.6 

72.2 

±12.6 

-0.2 

±9.2 
0.717 

68.0 

±11.7 

67.5 

±11.5 

-0.4 

±8.5 
0.562 

76.9 

±9.5 

83.4 

±8.8 

6.5 

±8.0 
<0.001 

84.0 

±8.1 

79.8 

±9.6 

-4.2 

±9.7 
0.008 

Wearing time 

(h/day) 

14.73 

±1.56 

14.52 

±1.63 

-0.21 

±1.67 
0.035 

14.68 

±1.72 

14.35 

±1.82 

-0.33 

±2.01 
0.034 

14.77 

±1.58 

15.02 

±1.59 

0.25 

±0.77 
0.028 

14.82 

±1.10 

14.59 

±0.93 

-0.23 

±1.03 
0.064 

 

Notes: Data are presented as mean±SD. For C-PPAC variables means and p-values are reported for patients with data at baseline and follow-up.  
aC-PPAC variables have 87 missing values: 38 in Inactive, 21 in Active Improvers, and 28 in Active Decliners.  
bpaired t-test. 

Abbreviations: MVPA: moderate-to-vigorous physical activity; MET: metabolic equivalent of task; C-PPAC: Clinical visit—PROactive Physical Activity in COPD (higher numbers indicate a better 

score). 
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Table S3 Step count (mean steps/day) at baseline and at 12-month follow-up as well as selected variables at baseline, by cluster groups 
(physical activity progression patterns) identified by k-means, performed separately for the Urban Training and the PROactive study. 
 

 Cluster 1 Cluster 2 Cluster 3 

 n 

(row%) 
Baseline 

Follow-

up 
Change 

p-

valuea 

n 

(row%) 
Baseline 

Follow-

up 
Change 

p-

valuea 

n 

(row%) 
Baseline 

Follow-

up 
Change 

p-

valuea 

Urban Training                

Step count 

(steps/day) 

79 

(54%) 

6028 

±2176 

5125 

±2045 

-903 

±1428 
<0.001 

36 

(24%) 

6722 

±2491 

10435 

±2293 

3713 

±2288 
<0.001 

33 

(22%) 

13144 

±3340 

11442 

±3606 

-1702 

±2754 
0.001 

Age (years)  69±8     71±9     67±7    

Sex (men)  70 (89)     32 (89)     28 (85)    

FEV1  

(% predicted) 
 55.2±18.2     62.6±15.5     60.5±17.3    

6MWD (meters)  485±87     519±83     517±68    

mMRC score  

(0-4) 
 1.2±0.9     1.1±0.8     0.8±0.7    

PROactive                

Step count 

(steps/day) 

118 

(83%) 

4431 

±1735 

4097 

±1891 

-334 

±1098 
0.001 

6 

(4%) 

11339 

±1239 

14340 

±2593 

3001 

±1716 
0.008 

19 

(13%) 

11188 

±1992 

8222 

±2685 

-2966 

±2166 
<0.001 

Age (years)  68±8     65±9     63±7    

Sex (men)  89 (75)     4 (67)     14 (74)    

FEV1  

(% predicted) 
 56.8±20.7     68.6±12.1     69.8±21.7    

6MWD (meters)  435±109     520±130     541±110    

mMRC score  

(0-4) 
 1.6±1.0     1.0±0.6     1.0±0.8    

 

Notes: Data are presented as mean±SD.  
apaired t-test. 

Abbreviations: FEV1: forced expiratory volume in 1 second; 6MWD: 6-min walking distance; mMRC: modified Medical Research Council. 
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Table S4 Correlation between the change in daily step count and the change in wearing time, overall and by PA progression pattern (Inactive, 

Active Improvers and Active Decliners). 

 n (%) Pearson correlation coefficient p-value 

All patients 291 (100%) 0.090 0.124 

Inactive 173 (59%) 0.002 0.981 

Active Improvers 49 (17%) -0.097 0.508 

Active Decliners 69 (24%) 0.162 0.184 
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Table S5 Step count (mean steps/day) at baseline and at 12-month follow-up, by cluster groups (physical activity progression patterns) 
identified by k-means, performed separately for all patients (n=291) and excluding patients with rehabilitation (n=270). 
 

  Inactive  Active Improvers  Active Decliners 

 n  

(row%) 
Baseline 

Follow-

up 
Change 

p-

valueb 

n  

(row%) 
Baseline 

Follow-

up 
Change 

p-

valueb 

n  

(row%) 
Baseline 

Follow-

up 
Change 

p-

valueb 

Step count  

(steps/day),  

all patients 

 

173 

(59%) 

4621 

±1757 

4134 

±1817 

-487 

±1201 
<0.001 

49 

(17%) 

7727 

±3275 

11105 

±3330 

3378 

±2203 
<0.001 

69 

(24%) 

11267 

±3009 

9051 

±2897 

-2217 

±2085 
<0.001 

Step count  

(steps/day), 

patients with 

rehabilitation 

excludeda 

154 

(57%) 

4544 

±1763 

4003 

±1753 

-541 

±1209 
<0.001 

50 

(19%) 

7516 

±3187 

10730 

±3345 

3213 

±2266 
<0.001 

66 

(24%) 

11206 

±3033 

9078 

±2928 

-2128 

±1943 
<0.001 

 

Notes: Data are presented as mean±SD.  
apatients in pulmonary rehabilitation at baseline and/or follow-up were excluded (n=21). 
bpaired t-test
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