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a  b  s t  r a  c t

Introduction:  Although  mean  physical activity in COPD patients  declines  by  400–500 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  PROac-
tive  initial  validation  [NCT01388218]  studies) measuring  physical activity at  baseline and  12 months
(Dynaport  MoveMonitor).  We  identified  clusters (patterns)  of physical activity  progression  (based  on lev-
els  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  (�): −487  ±  1201 steps/day), Active  Improvers  (n  =  49 [17%],  baseline:
7727  ± 3275  steps/day,  �:  + 3378  ±  2203  steps/day) and  Active  Decliners  (n  = 69 [24%],  baseline:  11
267 ± 3009 steps/day,  �:  −2217  ±  2085  steps/day).  After adjustment  in a mixed  multinomial  logis-
tic regression model using Active  Decliners  as  reference  pattern,  a lower  6-min walking  distance  (RRR
[95%  CI] 0.94 [0.90–0.98]  per 10  m,  P =  .001)  and  a higher mMRC  dyspnea  score (1.71 [1.12–2.60]  per 1
point,  P =  .012) were  independently  related  with  being Inactive.  No  baseline  variable  was independently
associated  with  being  an  Active  Improver.

Abbreviations: BMI, body mass index; CAT, COPD assessment test; CCQ, clinical COPD questionnaire; CI, confidence interval; COPD, chronic obstructive pulmonary disease;
C-PPAC, clinical visit—PROactive physical activity in COPD; FEV1, forced expiratory volume in 1 second; FFMI, fat free mass index; FVC, forced vital capacity; GOLD, global
initiative  for chronic obstructive lung disease; HAD-A, hospital anxiety and depression scale – anxiety; HAD-D, hospital anxiety and depression scale – depression; LABA,
long-acting beta2-agonists; LAMA, long-acting anti-muscarinics; MET, metabolic equivalent of task; mMRC, modified medical research council dyspnea score; 6MWD,  6-min
walking  distance; MVPA, moderate to vigorous physical activity; RRR, relative risk ratio; SD, standard deviation.
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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.

© 2020 SEPAR. Published by  Elsevier  España, S.L.U. All rights  reserved.

Patrones  de progresión  de  la  actividad  física  en  pacientes  con  EPOC

r  e  s  u m e  n

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  identi-
ficar  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: 4.621 ± 1.757 pasos/día,  cam-
bio en 12 meses  (�):  −487 ± 1.201  pasos/día),  activo que aumenta  (n  =  49 [17%],  basal: 7.727  ± 3.275
pasos/día,  �: +3.378  ± 2.203  pasos/día)  y  activo que reduce  (n  =  69 [24%],  basal:  11.267 ± 3.009 pasos/día,
�:  −2.217 ± 2.085  pasos/día). La distancia en la prueba  de  la marcha  de  6  minutos  (6MWD) y la disnea se
asociaron independientemente  con ser  inactivo: RRR  [IC 95%] 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  compara-
ción  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.

© 2020  SEPAR.  Publicado  por Elsevier  España, S.L.U. Todos los derechos  reservados.

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 dis-
ease onwards1–3 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 recom-
mend 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 400–500 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 exacerbations15–17

or the seasonality of testing (e.g., 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 activ-
ity 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  assess the baseline sociodemographic, inter-
personal, 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 Cata-
lan seaside municipalities (Badalona, Barcelona [center and shore
areas], Mataró, Viladecans and Gavà); and (2) the clinically sta-
ble 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, Edin-
burgh 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.

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 h and data during waking hours (from
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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 h of wear-
ing time within waking hours for both studies26; 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 activ-
ity of moderate to vigorous intensity (MVPA, ≥3 METs [metabolic
equivalents of tasks] min/day), movement intensity (m/s2) dur-
ing walking, and sedentary time (sum of lying and sitting time,
hours/day) as secondary physical activity outcomes to  describe pat-
terns. 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 (i.e. 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 litera-
ture: (i) sociodemographic:  age, sex, smoking history and education;
(ii) interpersonal: marital status, working status, grandparenting
and dog walking; (iii) environmental: season of recruitment, aver-
age yearly rainfall and urban vulnerability index (a measure of
socioeconomic status at the census tract level); (iv) clinical: post-
bronchodilator FEV1 and FVC, the 6-min walking distance (6MWD)
test, the COPD Assessment test (CAT), the Clinical COPD Question-
naire (CCQ), the modified Medical Research Council dyspnea scale
(mMRC), the number of acute COPD exacerbations requiring a  hos-
pital admission in the previous 12 months and during follow-up,
body mass index (BMI) and fat free mass index (FFMI) by physi-
cal 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 (i.e. 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 statisti-
cal 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 accord-
ing 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 pat-
terns and obtained P-values from mixed logistic regression models
with random intercepts for study and city area to account for pos-
sible heterogeneity in  unmeasured characteristics related to study
and city area. Then we built a multivariable multinomial regres-
sion model using the generalized linear 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 sepa-
rately 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, Col-
lege Station, TX, USA).

Results

From 412 patients at baseline, 291 (71%) completed the follow-
up visit and were included in the current analyses (Fig. S1).
These patients had a  higher proportion of males, better func-
tional 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 Train-
ing, 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 patterns) (Fig.  1,
Table S2). A first cluster (n =  173 [59%]), labeled 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%]), labeled
Active Improvers,  walked 7727 ±  3275 steps/day at baseline and
increased by 3378 ± 2203 steps/day. The third cluster (n  = 69
[24%]), labeled Active Decliners, walked 11,267 ± 3009 steps/day at
baseline and decreased by 2217 ± 2085 steps/day. Distribution of

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) –
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Table 1 (Continued)

All Patients Urban Training Study PROactive Study
n  =  291 (100%) n =  148a

(51%)
n = 143a

(49%)

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
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).
Abbreviations: FEV1: forced expiratory volume in 1 s; 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.

a Some 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.

b Marital status: living with a partner vs single, widowed or divorced.
c Working status: active worker (working full-time or part-time) vs. unemployed, housework or retired.
d Only available for Urban Training.
e Only available for PROactive.
f Average rainfall was  calculated as the mean of the measurements at baseline, 6 and 12 months.
g The 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.
h ICD10 codes: I00–I99 for cardiovascular diseases; I20–I25 for ischemic heart disease, E14 for diabetes mellitus.
i Incident comorbidities included ICD10 codes C00–N99.

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 (i.e., increased
amount and reduced difficulty); the Active Decliners decreased the



218 M. Koreny et al. / Arch Bronconeumol. 2021;57(3):214–223

Fig. 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 ≤.05. Abbreviations: MVPA: moderate-to-vigorous physical activity; MET: metabolic
equivalent of task.

C-PPAC amount and total scores while the C-PPAC difficulty score
did  not change (Fig. 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 determi-
nants of being an Active Improver vs Decliner. A lower exercise
capacity and a  higher mMRC  dyspnea score were independently
related with being Inactive whereas no variable was  identified as
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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 .282 .079
Sex  (men) 137 (79) 41 (84) 59 (86) .931 .789
Current smoker 33  (19) 5 (10) 14 (20) .152 .152
Pack-years 60 ± 38  63 ± 52 49 ± 40 .187 .082
Education, high school or higher 124 (72) 20 (42) 24 (35) .006 .452

Interpersonal

Living with a partnerc 115 (66) 42 (88) 59 (86) .017 .714
Active  workerd 18  (10) 6 (12) 12 (17) .088 .454
Grandparentinge 20 (34) 21 (54) 26 (52) .039 .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)

.877 .329

Urban vulnerability index (from 0 – lowest to 1 – highest)e,h 0.646 ± 0.176 0.613 ± 0.200 0.646 ± 0.153 .312 .369

Clinical

FEV1 (% predicted) 55.9 ± 19.8 62.9 ± 15.8 62.4 ± 19.5 .001 .875
FEV1/FVC ratio 0.48 ± 0.14 0.55 ± 0.11 0.55 ± 0.11 .004 .904
6MWD  (meters) 446 ± 105 521 ± 90 524 ± 78 <.001 .861
CAT  score (0–40) 14.2 ± 7.7 11.5 ± 7.3 10.5 ± 6.6 .002 .435
CCQ  score (0–6) 1.74 ± 0.97 1.23 ± 0.91 1.29 ± 0.93 .001 .780
C-PPAC difficulty score (0–100)i 74.9 ± 14.7 82.6 ± 13.6 84.8 ± 11.6 <.001 .380
mMRC  score (0–4) 1.5 ± 1.0 1.0 ± 0.8  0.9 ± 0.7 <.001 .329
Any  COPD exacerbation with hospital admission in previous 12 months 24  (14) 4 (8) 6 (9) .517 .918
BMI  (kg/m2) 27.6 ± 5.0  27.5 ± 3.9 27.5 ± 4.2  .139 .999
FFMI  (kg/m2) 18.9 ± 3.0  19.3 ± 2.9 19.0 ± 3.1 .650 .591
Cardiovascular diseasej 109 (63) 28 (57) 39 (57) .221 .930
Ischemic heart diseasej 18  (10) 5 (10) 6 (9) .898 .807
Diabetes mellitusj 23  (13) 11 (22) 17 (25) .412 .786
LABA or LAMA, alone 24  (14) 7 (14) 10 (15) .796 .949
Inhaled corticosteroid with LABA and/or LAMA 115 (67) 28 (57) 36 (53) .311 .658

Psychological

Anxiety (HAD-A, 0–21) 5  ± 4 5 ± 3  5 ± 4  .755 .774
Depression (HAD-D, 0–21) 5  ± 3 3 ± 3  3 ± 3  .009 .992

Follow-up data

Any COPD exacerbation with hospital admission during follow-up 19  (11) 4 (8) 5 (7) .759 .846
Any  incident comorbidity during follow-upe,k 10 (17) 10 (26) 14 (28) .191 .804

Notes: Data are presented as n (%), mean ± SD or median (interquartile range).
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.

a Some 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.

b P-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).

c Marital status: living with a partner vs single, widowed or divorced.
d Working status: active worker (working full-time or part-time) vs. unemployed, housework or retired.
e Only available for Urban Training.
f Only available for PROactive.
g Average rainfall was  calculated as the mean of the measurements at baseline, 6 and 12 months.
h The 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.
i Only 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.
j ICD10 codes: I00 to I99 for cardiovascular diseases; I20–I25 for ischemic heart disease, E14 for diabetes mellitus.
k Incident comorbidities included ICD10 codes C00–N99.
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Fig. 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 ≤.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.

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 10 m)  1.00 (ref) 0.94 (0.90–0.98) .001 1.00 (0.96–1.05) .868
mMRC  score (per 1 point) 1.00 (ref) 1.71 (1.12–2.60) .012 1.23 (0.73–2.07) .437

Abbreviations: RRR: relative risk ratio; CI: confidence interval; 6MWD:  6-min walking distance; mMRC: modified Medical Research Council.
a P-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).

independently associated with being an Active Improver (Table 3).
The final model showed good fit. Sensitivity analyses confirmed the
results (Tables S3–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 pat-
terns 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 physi-
cal 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
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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 pul-
monary 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 activ-
ity (59%) was similar in  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 pop-
ulation. A second explanation could lie in the high proportion of
male subjects and regional differences in  physical activity prac-
tice (a cohort of patients included in the Mediterranean region5

had a baseline physical activity comparable to  the Urban Train-
ing 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 min-
imal 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 inac-
tive 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.

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 simi-
lar 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
(i.e., less difficulty) in Active Improvers, suggesting that the observed
increase in amount could be related to experiencing fewer difficul-
ties (less dyspnea for instance32)  while being active.

Our third main finding is  the impossibility to predict the
physical activity progression patterns, despite having included
sociodemographic, interpersonal, environmental and psychologi-
cal 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  phys-
ical 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. Sur-
prisingly, the presence of severe 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 sever-
ity 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  signifi-
cantly different for the three patterns. Pharmacological treatment
for COPD was  not different across progression patterns discard-
ing 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 progres-
sion pattern during a  follow-up of 12 months. Finally, we did not
find an effect of accumulated rainfall on physical activity progres-
sion, as recently described cross-sectionally in the same PROactive
population.14

Our study has several implications. It  adds to the current knowl-
edge 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 limita-
tion 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 environ-
mental 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 and different treatment needs.35 Finally, our results high-
light 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  sev-
eral European cities. This makes our  results applicable (i.e., more
representative) to a  larger COPD population than a single recruit-
ment 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 pul-
monary 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 (e.g. costs
or transportation difficulties), which precluded testing their role
on physical activity progression. The drop-out was 29%  which is
comparable to previous studies37,38 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
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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
pooling of the two studies was not  appropriate, although our sen-
sitivity 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 charac-
teristics, and two Active patterns, Improvers and Decliners, which
cannot be predicted at baseline.
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