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METHODS (complete version) 1 

 2 

Study Design, Participants and Ethics 3 

The design, methodology and main results of the “Phenotype characterisation and 4 

course of chronic obstructive pulmonary disease” (PAC-COPD) study have been 5 

reported before[1, 2]. In brief, COPD patients were enrolled during their first 6 

hospitalisation due to COPD exacerbation in nine teaching hospitals in Spain. Patients 7 

were evaluated three months after discharge, when clinically stable (baseline). The 8 

diagnosis of COPD was established according to the ATS-ERS guidelines (post-9 

bronchodilator forced expiratory volume in the first second to forced vital capacity ratio 10 

(FEV1/FVC) <0.70). Patients were invited to participate in a second visit for follow-up 11 

assessment 18-24 months later while clinically stable. From 251 patients who were 12 

participating in the PAC-COPD study in this second visit, 177 (70%) accepted to 13 

measure PA with an activity monitor (see below). There were no differences between 14 

them and those who did not participate, as previously shown[3]. All patients were 15 

followed up until December 31st, 2010 or date of death, whichever came first (median 16 

2.6 years). The Ethics Committees of all the participating hospitals approved the study, 17 

and written informed consent was obtained from all subjects. 18 

 19 

Measurements 20 

Patients were instructed to wear an accelerometer (SenseWear® Pro2 Armband. SWA; 21 

Body Media, Pittsburgh, PA) placed on the right arm during waking hours (aprox, from 22 

8.00 am through 10.00 pm) in 8 consecutive days, just after the clinical examination 23 

(described below). On average, they wore the accelerometer six days, and recorded a 24 

mean of 95% of daytime (13.5 h of 14 h maximum)[4]. This device provides minute by 25 



 4 

minute information on subjects’ movements and physiological response, which allowed 1 

obtaining measures of quantity and intensity of PA. The quantity of PA was assessed 2 

using: (i) the number of steps per day, (ii) the number of days per week that the patient 3 

could be considered physically active, operationally defined by ≥ 5000 steps per day[5, 4 

6]; and (iii) time (minutes) per day spent in PA (defined as any minute with ≥ 1.5 5 

Metabolic Equivalent Tasks (METs)). The intensity of PA was assessed by the average 6 

of METs during the time spent in PA. 7 

 8 

We obtained information about hospitalisations (dates and diagnoses on discharge) 9 

during the 12 months prior to enrollment (i.e. from 2005 to 2006) and during follow up 10 

(from 2006 until December 31st, 2010), from the Minimum Basic Dataset (CMBD) that 11 

covers all Spanish hospitals. We defined a COPD hospitalisation as any hospitalisation 12 

whose primary cause of hospitalisation at discharge corresponds to codes 490-496, or 13 

primary cause is 466 or 518.81 if second cause was 491.21, according to the 14 

International Classification of Diseases, 9th revision. 15 

 16 

As reported elsewhere in detail[1] other measurements included socio-demographic 17 

factors, pharmacologic and non-pharmacologic treatment (e.g., pulmonary 18 

rehabilitation, long-term oxygen therapy), smoking habit, dietary habits, co-morbidities 19 

(Charlson index), health-related quality of life (St George Respiratory Questionnaire 20 

(SGRQ)), dyspnoea (modified Medical Research Council dyspnoea scale (mMRC)), 21 

complete lung function (including forced spirometry (post-bronchodilator FEV1, FVC, 22 

FEV1/FVC), static lung volumes by body plethysmography (residual volume (RV), total 23 

lung capacity (TLC), RV/TLC), single-breath carbon monoxide lung diffusing capacity 24 

(DLco), and arterial blood gases), nutritional status (body mass index (BMI) and fat free 25 
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mass index (FFMI) by body impedance), exercise tolerance (six-min walking distance 1 

(6MWD) and oxygen consumption (VO2max) during a cardiopulmonary incremental 2 

exercise test with cycloergometer), lung density, emphysema quantification and 3 

semiquantitative evaluation of bronchial wall thickness from computarised 4 

tomographies, and systemic inflammation (C-reactive protein (CRP) and tumor necrosis 5 

factor alpha (TNF-α)). 6 

 7 

Statistical analysis 8 

Provided sample size was fixed by the primary scientific objectives of the PAC-COPD 9 

Study, prior to any analysis we calculated the statistical power to answer our research 10 

question with 177 patients using the software GRANMO 7.10. Accepting an alpha risk 11 

of 0.05 in a two-sided test, and using own data about the distribution of physically 12 

active:physically inactive COPD patients[3], the statistical power was 84% to recognise 13 

as statistically significant a risk reduction in COPD hospitalisation similar to that 14 

reported in previous literature[7]. 15 

 16 

Results are presented as mean (standard deviation), n (%) or median (25
th

-75
th

 17 

percentile), as appropriate. The relationship between baseline PA variables and risk of 18 

COPD hospitalisation was first tested using the Kruskal Wallis test and then using Cox 19 

proportional hazards regression models. To test the independent effect of quantity and 20 

intensity of PA, we stratified the association between the three quantity variables and 21 

COPD hospitalisation according to intensity levels (categorised by its median value in 22 

our population (≥2.7 METs)). Because the effect of quantity variables was restricted to 23 

the low average intensity group, multivariate models included an interaction term 24 

between each variable of PA quantity and intensity. Potential confounders considered in 25 
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the analysis were sex, age, education, marital status, family members, working status, 1 

socio-economic status, inhaled treatment (bronchodilators and corticosteroids), smoking 2 

status, smoking duration and intensity, Charlson index, cardiovascular comorbidities 3 

(ischaemic heart disease, cardiac heart failure or cerebrovascular disease), dyspnoea 4 

score, health-related quality of life, COPD hospitalisations in the previous 12months, 5 

FEV1, FVC, RV/TLC, DLco, PaO2, BMI, FFMI, 6MWD, VO2max, lung density and 6 

structure, CRP, TNF-α, participation in a pulmonary rehabilitation programme, and 7 

consumption of fruits, vegetables and cured meats. Final multivariate models were built, 8 

adjusting for variables that were independently associated with the outcome (p<0.05) or 9 

modified the coefficient estimate for the exposure (>10% change). The proportionality 10 

of Cox models was checked by plotting the Schoenfeld residuals of each predictor 11 

variable of the model according to survival time. Collinearity between variables was 12 

checked by the variance inflation factor approach. 13 

 14 

To test for potential effect modification, final models were stratified according to (i) 15 

severity of airflow limitation (above and below 50% FEV1)[8], and (ii) having had a 16 

COPD hospitalisation in the previous year. We performed additional analysis using the 17 

volume of physical activity (METs-min per day) as the exposure. As sensitivity 18 

analyses, we repeated all analyses (i) excluding subjects with extreme values (>95
th

 19 

percentile) in the accelerometer measures, (ii) using COPD hospitalisation or all-cause 20 

mortality as the outcome, (iii) using all-cause hospitalisation as the outcome, and (iv) 21 

categorising PA intensity in three groups. All analyses were conducted using R 3.0.1 (R 22 

Foundation for Statistical Computing, Vienna, Austria). 23 
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Table E1. Characteristics of physical activity at baseline, according to outcomes (hospitalisation or death) during follow-up. 1 

 2 

 

No COPD 

hospitalisation 

COPD 

hospitalisation 

Death before 

hospitalisation 

n= 100 n= 67 n= 10 

m (SD) m (SD) m (SD) 

Steps per day 7705 (4597) 5339 (3890) 5115 (7496) 

Physically active days/week, median (25
th
-75

th
 percentile) 6 (2 - 7) 2 (0 - 7) 1 (0 - 4) 

Time in PA (min/day) 190 (129) 160 (108) 135 (149) 

Average intensity of PA (METs) 2.8 (0.5) 2.8 (0.6) 2.8 (0.6) 

n: number; m: mean; SD: standard deviation; MET: metabolic equivalent tasks. 3 
4 
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Table E2. Characteristics of physical activity of the patients at baseline, according to levels of COPD severity. 1 

 2 

 
Mild COPD Moderate COPD Severe COPD 

Very Severe 

COPD   

 n=9 (5%) n=87 (49%) n=64 (36%) n=17 (10%) 

 m (SD) m (SD) m (SD) m (SD) p-value p- trend 

Steps per day 9755 (4968) 7233 (4721) 5793 (3786) 5381 (6318) 0.010 0.032 

Physically active days/week*, median (25
th
-75

th
 percentile) 6 (6 - 7) 6 (1 - 7) 4 (0 - 7) 1 (0 - 6) 0.017 0.010 

Time in PA (min/day) 220 (117) 186 (117) 157 (105) 169 (198) 0.061 0.337 

Average intensity of PA (METs) 3.1 (0.6) 2.8 (0.5) 2.8 (0.5) 2.5 (0.5) 0.069 0.058 

n: number; m: mean; SD: standard deviation; p-value: significance of Kruskal Wallis test comparing the four groups; p-trend: significance of the linear trend across COPD 3 
severity stages, treating the COPD severity stages as a interval variable; MET: metabolic equivalent tasks.  4 
* Physically active days defined as ≥5000 steps per day[5] (see methods).5 
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Table E3. Characteristics of physical activity at baseline, according to intensity and COPD hospitalisation during follow-up. 1 

 2 

 

Low Intensity (average <2.7 METs) 

  

  

  

High Intensity (average ≥2.7 METs) 

All  
No COPD 

hospitalisation 

COPD 

hospitalisation 
p-value 

All  
No COPD 

hospitalisation 

COPD 

hospitalisation 
p-value 

n= 86 n= 54 n= 32 n= 86 n= 53 n= 33 

m (SD) m (SD) m (SD) m (SD) m (SD) m (SD) 

Steps per day 4797 (3397) 5751 (3670) 3253 (2182) 0.001  8550 (5038) 9188 (5455) 7487 (4114) 0.250 

Physically active days/week,  

median (25
th
-75

th
 percentile) 

2 (0 - 6) 5 (1 - 7) 0 (0 - 2) <0.001  7 (4 - 7) 7 (4 - 7) 7 (2 - 7) 0.795 

Time in PA (min/day) 140 (112) 154 (124) 116 (86) 0.116  212 (123) 216 (131) 205 (111) 0.901 

Average intensity of PA (METs) 2.4 (0.2) 2.4 (0.2) 2.3 (0.2) 0.002  3.2 (0.4) 3.2 (0.4) 3.2 (0.4) 0.894 

n: number; m: mean; SD: standard deviation; MET: metabolic equivalent tasks. 3 
4 
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Table E4. Adjusted association between physical activity quantity (steps per day) and COPD hospitalisation, according to spirometric COPD 1 

severity (multivariate Cox proportional hazards regression). 2 

 3 

  

Mild-to-moderate (FEV1≥50%) Severe-to-very severe (FEV1<50%) 

n=96; n events= 20 n= 81; n events= 47 

HR (95% CI) p-value HR (95% CI) p-value  

Steps per day (change for each 1000 steps per day) 0.87 (0.77-1.00) 0.042 0.66 (0.51-0.84) 0.001 

High average intensity of PA (≥2.7 METs) 2.46 (0.95-6.39) 0.064 3.08 (1.13-8.36) 0.028 

Interaction: Steps 
x
 Intensity - - 1.61 (1.22-2.13) 0.001 

At least one COPD hospitalisation in the previous 12 

months 
2.81 (0.76-10.39) 0.122 8.01 (3.98-16.15) <0.001 

R
2
=0.08 R

2
=0.39 

n: number; n events: number of COPD patients who have had a COPD hospitalisation during follow-up; HR: hazard ratio; MET: metabolic equivalent tasks. 4 
5 
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Table E5. Adjusted association between physical activity quantity (steps per day) and COPD hospitalisation, according to having had a COPD 1 

hospitalisation in the previous 12 months (multivariate Cox proportional hazards regression). 2 

 3 

  

Previous COPD hospitalisation No previous COPD hospitalisation 

n= 29; n events= 23 n= 148; n events= 44 

HR (95% CI) p-value HR (95% CI) p-value 

Steps per day (change for each 1000 steps per day) 0.80 (0.56-1.13) 0.205 0.79 (0.66-0.95) 0.012 

High average intensity of PA (≥2.7 METs) 3.00 (1.13-7.94) 0.027 2.03 (0.79-5.23) 0.140 

Interaction: Steps 
x
 Intensity 1.43 (0.96-2.13) 0.077 1.26 (1.03-1.54) 0.023 

FEV1 (% predicted) 0.96 (0.92-1.00) 0.034 0.97 (0.95-0.99) 0.004 

 R
2
=0.42 R

2
=0.15 

n: number; n events: number of COPD patients who have had a COPD hospitalisation during follow-up; HR: hazard ratio; MET: metabolic equivalent tasks; FEV1: forced 4 
expiratory volume in the first second. 5 
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Table E6. Adjusted association between volume and intensity of physical activity and 1 

COPD hospitalisation (multivariate Cox proportional hazards regression). 2 

 3 
  All subjects 

n= 177; n events= 67 

HR (95% CI) p-value 

Volume of physical activity (METs-min per day) 0.91 (0.84-0.98)    0.009 

High average intensity of PA (≥2.7 METs) 2.54 (1.20-5.36)    0.015 

Interaction: Energy Expenditure x Intensity 1.10 (1.02-1.19)    0.011 

At least one COPD hospitalisation in the previous 

12 months 

5.10 (2.91-8.91) <0.001 

FEV1 (% predicted) 0.96 (0.94-0.98) <0.001 

R
2
=0.32 

n: number; n events: number of COPD patients who have had a COPD hospitalisation during follow-up; 4 
HR: hazard ratio; MET: metabolic equivalent tasks; FEV1: forced expiratory volume in the first second. 5 
 6 
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Table E7. Adjusted association between physical activity quantity (steps per day) and 1 

COPD hospitalisation, after excluding patients with extreme values (>95
th

 percentile) in 2 

steps per day (multivariate Cox proportional hazards regression). 3 

 
n= 166; n events=  66 

HR (95% CI) p-value 

Steps per day (change for each 1000 steps per day) 0.79 (0.66-0.93) 0.006 

High average intensity of PA (≥2.7 METs) 2.27 (1.15-4.48) 0.018 

Interaction: Steps 
x
 Intensity 1.34 (1.10-1.64) 0.003 

At least one COPD hospitalisation in the previous 12 

months 
5.31 (3.02-9.32) <0.001 

FEV1 (% predicted) 0.96 (0.94-0.98) <0.001 

R
2
=0.33 

n: number; n events: number of COPD patients who have had a COPD hospitalisation during follow-up; 4 
HR: hazard ratio; MET: metabolic equivalent tasks; FEV1: forced expiratory volume in the first second. 5 
 6 

7 
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Table E8. Adjusted association between physical activity quantity (steps per day) and 1 

COPD hospitalisation or all-cause mortality (multivariate Cox proportional hazards 2 

regression). 3 

 

All subjects 

n= 177; n events= 77 

HR (95% CI) p-value 

Steps per day (change for each 1000 steps per day) 0.76 (0.65-0.89) 0.001 

High average intensity of PA (≥2.7 METs) 3.02 (1.44-6.33) 0.004 

Interaction: Steps 
x
 Intensity 1.31 (1.10-1.56) 0.002 

At least one COPD hospitalisation in the previous 12 

months 
4.70 (2.76-8.01) <0.001 

FEV1 (% predicted) 0.97 (0.95-0.98) <0.001 

R
2
=0.34 

n: number; n events: number of COPD patients who have had a COPD hospitalisation or died (all-cause) 4 
during follow-up; HR: hazard ratio; MET: metabolic equivalent tasks; FEV1: forced expiratory volume in 5 
the first second. 6 
 7 
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Table E9. Adjusted association between physical activity quantity (steps per day) and 1 

all-cause hospitalisation (multivariate Cox proportional hazards regression). 2 

 3 

 

All subjects 

n= 177; n events= 102 

HR (95% CI) p-value 

Steps per day (change for each 1000 steps per day) 0.86 (0.77-0.96) 0.006 

High average intensity of PA (≥2.7 METs) 1.90 (1.13-3.21) 0.016 

Interaction: Steps 
x
 Intensity 1.16 (1.03-1.31) 0.018 

At least one COPD hospitalisation in the previous 12 

months 
3.32 (2.06-5.37) <0.001 

FEV1 (% predicted) 0.98 (0.97-0.99) 0.005 

R
2
=0.23 

n: number; n events: number of COPD patients who have had a hospitalisation (all-cause) during follow-4 
up; HR: hazard ratio; MET: metabolic equivalent tasks; FEV1: forced expiratory volume in the first 5 
second. 6 

7 
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Table E10. Adjusted association between physical activity quantity (steps per day) and 1 

COPD hospitalisation categorising intensity in tertiles (multivariate Cox proportional 2 

hazards regression). 3 

 

All subjects 

n= 177; nº events= 77 

HR (95% CI) p-value 

Steps per day (change for each 1000 steps per day) 0.83 (0.64-1.07) 0.153 

Average intensity of PA:   

Average intensity of PA 1.81 – 2.39 METs 1.59 (0.44-5.73) 0.482 

Average intensity of PA 2.40– 2.69 METs ref  

Average intensity of PA ≥2.7 METs 3.15 (1.27-7.82) 0.013 

Interaction: Steps 
x
 Intensity:   

Interaction: Steps 
x
 Intensity 1.81 – 2.39 METs  0.99 (0.70-1.39) 0.933 

Interaction: Steps 
x
 Intensity 2.40– 2.69 METs ref  

Interaction: Steps 
x
 Intensity ≥2.7 METs 1.21 (0.93-1.58) 0.159 

At least one COPD hospitalisation in the previous 12 

months 

5.16 (2.96-9.00) <0.001 

FEV1 (% predicted) 0.96 (0.94-0.98) <0.001 

R
2
=0.33 

n: number; n events: number of COPD patients who have had a COPD hospitalisation during follow-up; 4 
HR: hazard ratio; MET: metabolic equivalent tasks; FEV1: forced expiratory volume in the first second. 5 
 6 
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