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Abstract

Introduction People with chronic obstructive pulmonary disease (COPD) present high prevalence of physical inactivity that
leads to a negative effect on health-related quality of life (HRQoL). The present study investigated COPD phenotypes accord-
ing to their levels of physical activity and sedentary behaviour, as well as body composition and skeletal muscle strength.
Methods This is an observational and cross-sectional study. Anthropometric data and COPD clinical control were collected
and all participants underwent assessments of lung function, HRQoL, dyspnoea, levels of physical activity and sedentary
behaviour, body composition and skeletal muscle strength. Participants were classified using hierarchical cluster analysis.
Age, dyspnoea and obstruction (ADO) index was used to determine prognosis and calculated for each cluster.

Results One hundred and fifty-two participants were included. Three distinct phenotypes were identified. Participants in
phenotype 1 were more physically active, less sedentary and had better body composition and lower ADO index (p <0.0001
for all variables). Overall, participants in phenotypes 2 and 3 were less physically active, more sedentary having a higher
ADO index. However, participants in phenotype 2 were older, whereas participants in phenotype 3 had worse HRQoL, clini-
cal control and body composition. Lung function did not differ across the three phenotypes.

Conclusions Our results show that physical activity, sedentary behaviour and body composition should be considered to
determine phenotypes in people with COPD and are involved in the prognosis of the disease. Less sedentary patients have
better prognosis while age, body composition and clinical control seems to differentiate physically inactive patients.
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Introduction

P4 Celso R. F. Carvalho

cscarval @usp.br Chronic obstructive pulmonary disease (COPD) is consid-
ered a complex heterogeneous syndrome, having both pul-
monary and extrapulmonary features [1, 2]. The increased
interest in better understanding the determinants of the
COPD heterogeneity is leading to the investigation of COPD
phenotypes. The phenotype is defined as the structural and
functional organism, and determined by the genotype and
modulated by the environment [3]. The COPD phenotype is
defined as “a single or combination of disease attributes that
describe differences between individuals with COPD as they
relate to clinically meaningful outcomes” (i.e. symptoms,
exacerbations, hospitalization or death) [2].

Several authors have described COPD phenotypes [4-9].

Department of Physical Therapy, School of Medicine,
University of Sao Paulo, Sao Paulo, Brazil

School of Physiotherapy and Exercise Science, Curtin
University, Perth, WA, Australia

Institute for Respiratory Health, Sir Charles Gairdner
Hospital, Nedlands, WA, Australia

Pulmonary Division, Heart Institute (InCor), Clinics
Hospital, Medical School, University of Sao Paulo,
Sao Paulo, Brazil

Department of Physical Therapy, State University of Sao
Paulo, Sao Paulo, Brazil

Department of Medicine, School of Medicine, University

of Sao Paulo, Av. Dr. Arnaldo 455, Room 1210, Sao Paulo,
SP 01246-903, Brazil

In people with COPD, it is well established that loss of
muscle mass and reduced body mass index are related to
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worsening health status and high mortality rates [10]. There-
fore, it is reasonable to consider both muscle strength and
body composition when investigating different phenotypes
in this population. Despite the relevance of the phenotypes,
few studies have investigated COPD phenotypes in people
from developing countries or considered physical activity as
a variable to determine COPD phenotypes [11, 12].

The benefits of increased physical activity in people
with COPD are well established [13, 14], and increasing
physical activity has been included as a recommendation in
the guidelines for the clinical management in the popula-
tion [1]. In addition to physical activity, recent literature
has highlighted the importance of investigating time spent
in sedentary behaviour in people with COPD [15, 16].
Physical activity and sedentary behaviour are multifacto-
rial spectrums of activity influenced by as exercise capac-
ity, depression symptoms, ethnicity, education level and
socioeconomic status [17-19]. For instance, the difference
in the levels of physical activity between people with COPD
from Brazil and Central Europe has been mainly attributed
to socioeconomic status [20].

Physical activity, sedentary behaviour, skeletal muscle
strength and body composition are important for people with
COPD; however, there is a lack of data on COPD phenotypes
that have taken these outcomes into account. The aim of
this study was to investigate different phenotypes of people
with COPD according to their levels of physical activity and
sedentary behaviour, as well as skeletal muscle strength and
body composition.

Participants and Methods
Study Design and Participants

This is an observational and cross-sectional study. This study
was approved by the Ethics Review Board of the Clinical
Hospital of the Faculty of Medicine at the University of
Sao Paulo (protocol 569.243). Participants with COPD were
screened and recruited in an outpatient clinic of a tertiary
University Hospital between February 2014 and December
2015. The inclusion criteria were as follows: COPD diag-
nosed according to the GOLD [1], who were clinically stable
(i.e. without exacerbations for at least 30 days). The exclu-
sion criteria were the following: continuous use of oxygen
therapy, musculoskeletal or other chronic lung diseases and
current participation in a programme of supervised exercise
training.

On the first assessment day, anthropometric data and
clinical history were collected and participants performed
spirometry. In addition, information was obtained on clini-
cal control [Clinical Control Questionnaire (CCQ), health-
related quality of life (HRQoL) Chronic Respiratory
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Questionnaire (CRQ)] and functional limitation resulting
from dyspnoea [modified Medical Research Council scale
(mMRC)]. Participants were also given an accelerometer
(Actigraph GT3X+) to be worn over 6 days. After that,
participants patients returned the accelerometer and initi-
ated a second assessment day, during which measures were
collected of quadriceps muscle strength (dynamometer)
and body composition (octapolar bioimpedance).

Outcomes and outcome measures

Pulmonary function the tests were performed according to
the American Thoracic Society and European Respiratory
Society (ATS/ERS) recommendations [21]. FVC and FEV,
were expressed as both absolute values and as a percent
of the predicted value for the Brazilian population [22].

Functional limitation resulting from dyspnoea was
assessed using the mMRC [23]. The scale is a valid
method, recommended by the GOLD and validated in
Brazilian Portuguese [24].

Health-related quality of life was assessed using the
CRQ,[25]. This questionnaire is validated in Brazilian Por-
tuguese and a self-reported measure of HRQoL shown to
be valid and reliable in patients with COPD. Higher scores
indicate better HRQoL [26].

COPD clinical control was measured by the CCQ [27].
This is validated in Brazilian Portuguese, valid, reliable
and responsive instrument used to detect clinical changes
in people with COPD. A higher score represents poorer
clinical control [28].

Physical activity and sedentary behaviour were quanti-
fied with a triaxial accelerometer; the ActiGraph model
GT3X (Health One Technology, Fort Walton Beach, FL),
which has been shown to be an accurate instrument to
measure physical activity in people with COPD [29]. Par-
ticipants were asked to wear the device on their waist for
six consecutive days, during waking hours. They were also
instructed to remove it only during showering and swim-
ming activities.

Skeletal muscle isometric strength was measured in
the quadriceps femoral of the dominant leg using a digi-
tal dynamometer (Gauge® Force, FG-100 kg model). The
results were expressed in kilogram—force (kg—f) and as a
percentage of predicted value in a healthy population [30].

Body composition body mass index (BMI, kg/m?) was
assessed according to procedures described by Lohman et al.
[31] Body composition was analysed using octapolar tactile
bioelectrical impedance analysis (InBody720 - Biospace,
Seoul, South Korea) [32, 33].

Age, dyspnoea and obstruction index the prognosis of the
participants was evaluated by the ADO index [34]. Higher
ADO values indicate a worse prognosis.
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Statistical Analysis

Data were analysed using the Statistical Package for Social
Sciences (SPSS) version 18.0 for Windows (SPSS Inc, Chi-
cago, USA).

Principal component analysis (PCA) was used to correct
the correlations between variables. The Kaiser-Meyer—Olkin
(KMO) measure of sampling adequacy test and Bartlett’s
Test of Sphericity were used to confirm whether the PCA
was appropriate for these variables.

Cluster analysis the cluster analysis was performed using
the six components identified in the PCA. A hierarchical
cluster analysis was used to identify the number of clusters
and cluster centroids. Possible cluster divisions were deter-
mined by inconsistent jumps between stages in an agglom-
eration schedule. Once cluster numbers and centroids were
decided, a K-means cluster analysis was used to cluster cases
to centroids. To test for the stability of clusters, K-means
clustering was repeated with a random sample containing
50% of the cases [35, 36].

Between-cluster differences the comparison between
cluster was tested by one-way analysis of variance followed
by Tukey’s multiple comparison test and Kruskal-Wallis
test followed by Dunn’s multiple comparison test according
to normality. A P value <0.05 was considered statistically
significant.

Results

In total, 311 participants were screened, of whom, 178 met
the inclusion criteria. Of the 178 participants included in the
study, 26 (11%) did not complete all assessments, despite
all the attempts. Therefore, 152 participants completed the
study.

Characteristics of the participants the characteristics of
the 152 participants are shown in Table 1. Levels of physical
activity and sedentary behaviour as well as quadriceps mus-
cle strength and body composition are presented in Table 2.

Components identified in PCA the KMO (0.74) and Bart-
lett’s Test of Sphericity (p <0.001) confirmed that the analy-
sis was appropriate for these variables. Six components were
identified in this study, and each component encompassed
some variables (Table 3).

ldentification and characterisation of COPD phenotypes
Ward’s cluster analysis was based on the significant com-
ponents identified by the PCA. Participants in phenotype
1 (n=61) had median [interquartile range; IQR] age of 65
(60-70) years and moderate to severe airflow obstruction.
Compared to participants in phenotypes 2 and 3, phenotype
1 was more physically active (p <0.0001), less sedentary
(p<0.0001), and presented with higher skeletal muscle mass
(SMM; % total body-weight) (p <0.0001) (Table 4) and

Table 1 Demographics, pulmonary function, socioeconomic data,
health-related quality of life and clinical control characteristics of the
152 participants with COPD

Demographic
Male gender, (%) 103 (68)
Age (years) 68 [62-74]
Smoking, (pack-years) 47 [32-80]
Former smokers (%) 140 (92)
Number of comorbidities
0 (%) 30 (20)
1(%) 41 (27)
2 (%) 35(23)
3 (%) 32 (21)
>4 (%) 14.(9)
Pulmonary function
FVC (% of predicted) 70 [60-83]
FEV, (% of predicted) 44 [35-53]
FEV,/FVC 0.48 [0.41-0.58]
GOLD classification
Mild (%) 503)
Moderate (%) 49 (32)
Severe (%) 78 (51)
Very severe (%) 20 (13)
mMRC scale 2 [2-3]
Socioeconomics data
Married (%) 92 (60)
< 8 years of education (%) 91 (60)
Family income <U$250/month (%) 110 (72)
Working status, retiree (%) 138 (91)
Health-related quality of life (CRQ)
Dyspnoea score 3[24]
Fatigue score 4[3-5]
Emotional score 5 [4-6]
Self-control score 5 [4-6]
Total score 63 [52-74]
Clinical control (CCQ)
Symptoms score 2 [1-3]
Fatigue score 2 [1-3]
Mental score 1[0-3]
Total score 2 [1-3]

Data are presented as the median and IQR (25-75%)

CCQ clinical control questionnaire, CRQ chronic respiratory ques-
tionnaire, FEV, forced expiratory volume in first second, FVC forced
vital capacity, kg kilograms, m metres, mMRC modified Medical
research council

better ADO index score (p <0.0001) (Fig. 1). Phenotype 1
can be defined as the “Younger and more active” phenotype.

Participants in phenotype 2 (n=60) were older than
those in the other two phenotypes [median (IQR) age of 73
(68-78) years; p<0.0001] (Table 4) and presented moderate
to severe airflow obstruction. Compared to participants in
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Table 2 Physical characteristics of the 152 participants with COPD

Physical activity level

Steps/day 3351 [2182-6083]
MVPA (min/day) 6 [2-21]
Sedentary time (%) 77 [70-83]
Muscle force
QMS (kg-F) 24 [18-30]
QMS (% predicted) 62 [48-72]
Body composition
BMI (kg/m?) 26 [21-29]
SMM (kg) 25 [21-29]
SMM (% total weight) 36 [32-40]
FFM (kg) 43 [37-51]
FFM (% total weight) 63 [56-70]
FEMI (kg/m?) 16 [14-18]
Fat mass (kg) 23 [16-30]
Fat mass (% total weight) 33 [26-40]

Data are presented as the median and IQR (25-75%)

BMI body mass index, FFM fat-free mass, FFMI fat-free mass index,
MVPA moderate to vigorous intensity physical activity, n number of
individuals, QMS quadriceps muscle strength and SMM skeletal mus-
cle mass

phenotypes 1 and 3, phenotype 2 presented better HRQoL
(emotional, self-control and total score of the CRQ;
p<0.0001 for all) (Table 4). Phenotype 2 was defined as
the “Older and more inactive” phenotype.

Participants in phenotype 3 (n=31) had a median [IQR]
age of 63 (60-69) years and presented severe to very severe
airflow obstruction. Compared to participants in phenotypes
1 and 2, phenotype 3 presented worse HRQoL (dyspnoea,
fatigue, self-control and total score of the CRQ; p <0.0001
for all), clinical control (p <0.0001) and more functional
limitation resulting from dyspnoea (p <0.0001) (Table 4).
Regarding body composition, the proportion of participants
in phenotype 3 with a BMI> 25 kg/m? was significantly
greater than the proportion in phenotypes 1 and 2 (p=0.001)
(Table 4). Phenotype 3 was defined as the “Younger and
more inactive” phenotype.

Discussion

The present study identified three distinct groups of people
with COPD in terms of physical activity, sedentary behav-
iour, body composition and quadriceps muscle strength.
Phenotype 1 (“Younger and more active” phenotype)

Table 3 Rotated component

- Comp 1 Comp 2 Comp 3 Comp 4 Comp 5 Comp 6
matrix
Age 0.152 - 0.896 -0.019 0.602 —-0.176 0.536
FEV, 0.560 0.040 0.049 -0.138 0.123 0.877
mMRC scale -0.325 0.598 -0.115 —-0.202 0.187 - 0252
CRQ
Dyspnoea domain 0.473 —0.489 —0.145 —0.029 0.110 0.131
Fatigue domain 0.748 —0.302 —-0.095 —-0.182 0.025 —0.082
Emotional domain 0.860 —0.181 0.102 0.116 —-0.021 0.063
Self-control domain 0.867 —0.154 —0.037 0.123 0.010 0.042
Total score 0.922 —0.269 —0.480 0.012 0.062 0.056
CCQ
Symptoms domain —0.780 0.848 0.065 —0.033 0.065 0.124
Fatigue domain —0.331 0.800 0.103 0.007 —-0.029 —-0.184
Mental domain —0.108 0.487 —0.090 —0.059 0.097 0.210
Total score —0.285 0.915 0.049 —0.050 0.040 —-0.021
Steps/day —0.001 —0.058 0.266 0.845 —0.135 0.076
Sedentary time 0.015 —0.042 —0.108 0.844 0.027 —0.121
QMS 0.107 —0.090 0.698 -0.292 0.040 —-0.207
BMI 0.760 0.064 0.239 —0.035 0.884 0.029
SMM -0.75 0.028 0.936 —0.105 0.141 0.060
FFM —0.087 0.044 0.944 —0.064 0.145 0.048
FFMI —0.049 0.113 0.822 —0.049 0.393 0.135
Fat mass 0.024 0.110 0.291 0.136 0.846 0.052

Extraction method: principal component analysis

BMI body mass index, CCQ clinical control questionnaire, Comp component, CRQ chronic respiratory
questionnaire, FEV, forced expiratory volume in 1 s, FFM fat-free mass, FFMI fat-free mass index, mMRC
modified Medical research council, QMS quadriceps muscle strength and SMM skeletal muscle mass
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Table 4 Demographics,
pulmonary function,
socioeconomic data, health-
related quality of life, clinical,
physical activity level, muscle
force and body composition
characteristics of the 152
participants with COPD

based on the three phenotypes
identified in the cluster analysis

FEV,/FVC

Physical activity level

0.48 [0.41-0.61]

0.45 [0.41-0.54]

Phenotype 1 Phenotype 2 Phenotype 3

Demographic

Male sex (%) 40 (66) 48 (80) 15 (48)

Age (years) 65 [60-70] 73 [68-78]* 63 [60-69]

Smoking, (pack-years) 42 [28-69] 47 [32-91] 54 [33+88]
Pulmonary function

FVC (% of predicted) 73 [65-88] 71 [60-83] 64 [55-73]

FEV, (% of predicted) 48 [39-55] 43 [34-53] 40 [33-47]

0.51 [0.43-0.60]

GOLD classification
1 (%) 3(5) 1(2) 13)
I (%) 26 (43) 19 (31) 4(13)
111 (%) 25 (41) 32 (53) 21 (68)
IV (%) 7(11) 8 (14) 5(16)
mMRC scale 2 [1-3] 2 [2-3] 3 (341
HRQoL (CRQ)
Dyspnoea score 3[24] 3[2-4] 2 [2-31*
Fatigue score 4 [3-5] 5 [4-5] 3 [2-41*
Emotional score 5 [4-6] 6 [5-7]* 4 [3-5]
Self-control score 4 [4-6] 6 [5-T7]** 4 [3-41*
Total score 60 [49-69] 71 [61-78]** 51 [46-617*
Clinical control (CCQ)
Symptoms score 2 [1-4] 2 [1-3] 3 [2-41*
Fatigue score 2 [1-3] 2[1-2] 3 [3-4]*
Mental score 2 [1-3] 1 [0-2]* 3[1-4]
Total score 2 [1-3] 2[1-2] 3 [3-41*

Steps/day 6108 [3749-7468] 1543 [1741-3344]%+ 2919 [2,117-3639]**
MVPA (min/day) 14 [2-32] 5 [1-14]%* 5 [2-8]+*
Sedentary time (%) 68 [60-75] 82 [76-88]%* 80 [78-83]%
Muscle force
QMS (kg-F) 24 [18-30] 25 [18-30] 22 [17-28]
QMS (% predicted) 62 [53-72] 62 [48-75] 51 [41-68]
Body composition
BMI (kg/m?) 24 [20-28] 25 [22-29] 30 [27-34]%
<25 kg/m2 (n, % patients) 34 (56) 25 (42) 5 (16)*
>25 kg/m? (n, % patients) 27 (44) 35 (58) 26 (84)"
SMM (kg) 25 [21-28] 25 [21-30] 25 [20-29]
SMM (% total weight) 40 [36-43] 36 [33-38]** 31 [29-34]*
FEM (kg) 43 [36-49] 45 [37-51] 43 [36-51]
FFM (% total weight) 68 [61-75] 63 [58-66] 54 [52-60]*
FFMI (kg/m?) 14 [14-17] 16 [14-18] 17 [15-18]
Fat mass (kg) 18 [10-25] 23 [17-29]* 34 [28-38]*
Fat mass (% total weight) 27 [20-34] 33 [29-39]* 43 [36-45]*

Data are presented as the median and IQR (25-75%)

CCQ clinical control questionnaire, CRQ chronic respiratory questionnaire, FEV, forced expiratory volume
in the first second, FVC forced vital capacity, HRQoL health-related quality of life, kg kilograms, m metres,
mMRC modified medical research council. BMI body mass index, FFM fat-free mass, FFMI fat-free mass
index, MVPA moderate to vigorous intensity physical activity, » number of individuals, QMS quadriceps
muscle strength and SMM skeletal muscle mass

*p <0.0001 versus phenotype 1 and phenotype 3
*¥p <0.0001 versus phenotype 1

#p<0.0001 versus phenotype 1 and phenotype 2
#1 <0.01 versus phenotype 1 and phenotype 2
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Fig.1 ADO index score according to the phenotypes. *p<0.0001
compared to phenotype 1

included people with COPD who were younger than those
in phenotype 2, and, in general, were more physically
active, with greater percentage of SMM, lesser fat mass
and presented with a better disease prognosis as measured
by the ADO index. Compared to phenotype 1, participants
in phenotypes 2 (“Older and more inactive” phenotype)
and 3 (“Younger and more inactive” phenotype) were less
physically active, spent more time in sedentary behaviour
and had worse disease prognosis. Of note, participants in
phenotype 2 were older and reported a better HRQoL.
Physical inactivity is common in people with COPD
and it has been associated with poorer outcomes, inde-
pendent of the degree of airway obstruction [37]. Notwith-
standing these associations, only one previous study objec-
tively measured physical activity or sedentary behaviour to
define COPD phenotypes [38]. However, that study did not
take into account other important variables that are related
to physical activity, such as comorbidities, percentage of
lean and fat mass, muscle strength, HRQoL and clinical
control of the disease [39—41]. Participants in phenotype 1
had a greater daily step count than the cut-off to be a con-
sidered an active COPD patient (i.e. 4580 steps/day) [42].
Further, compared to phenotypes 2 and 3, participants in
phenotype 1 spent more time in MVPA and less time in
sedentary behaviour. These results place phenotype 1 in
a position of better potential benefit, as there is evidence
supporting the health benefits of participating in MVPA
in healthy people [42, 43]. In addition, there is evidence
demonstrating longer survival in people with COPD who
are less sedentary [44—46]. Participants in phenotype 1
also presented with less functional limitation resulting
from dyspnoea and better HRQoL, clinical control and
percentage of skeletal muscle mass (SMM). These findings
are in agreement with previous findings that suggested a
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strong association between levels of physical activity and
HRQoL [46] and SMM [47, 48].

Participants in phenotypes 1 and 3 had similar age and
airway obstruction. However, those in phenotype 1 per-
formed 3186 steps/day more than those in phenotype 3.
Importantly, this difference in daily steps is likely to be
considered clinically significant (i.e. > 600 steps/day) [43].
A difference in body composition between phenotypes 1
and 3 was also observed. That is, phenotype 3 presented
with lower percentage of SMM, fat-free mass (FFM) and
higher fat mass. Of note, reduced lean body mass [49] and
obesity [50, 51] have been demonstrated to contribute to
physical inactivity in COPD patients. Therefore, it appears
that phenotype 3 is characterized by a vicious cycle, which
includes physical inactivity, worse body composition and
worse health status [17].

Phenotype 2 was represented by older and more inac-
tive people with COPD. It is expected that older people
are more inactive than younger people [52, 53]. However,
the finding of the present study that was not expected was
that the “Older and more inactive” phenotype would pre-
sent with better HRQoL than the other two phenotypes. A
possible explanation for this finding may be that, compared
to younger people, older people with chronic disease can
have better perceived HRQoL [54]. Despite being older and
having similar levels of physical activity as phenotype 3,
participants in phenotype 2 presented with higher percent-
age of SMM and lower fat mass. The present study is cross-
sectional, and thus, cannot establish a causality between
body composition and HRQoL. However, there is evidence
suggesting a positive association between body composition
and HRQoL [55]. Overall, our results may suggest that the
more positive perception of HRQoL in phenotype 2 partici-
pants is probably due to the fact they were older and had a
better body composition.

Participants in phenotype 3 had similar levels of physical
(in)activity than those in phenotype 2. However, compared
to participants in phenotypes 1 and 2, phenotype 3 presented
worse HRQoL and clinical control as well as more dyspnoea
and lower percentage of SMM and FFM. There is evidence
suggesting that dyspnoea, age, and HRQoL are predictors
of physical performance in people with COPD [15]. For
instance, Katajisto et al. demonstrated that the perception of
breathlessness was a barrier for daily life physical activities
in patients with COPD [56]. Additionally, higher dyspnoea
symptoms have been associated with lower levels of physi-
cal activity in patients with COPD [57]. Interestingly, Cheni
et al. suggest that COPD patients with more symptoms rep-
resent a distinct clinic phenotype [58].

Obesity can also interfere in the physical activity lev-
els. Monteiro et al. demonstrated that obese people with
COPD had lower levels of physical activity than those who
were underweight or normal-weight [50]. In our study, the
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proportion of patients who were overweight or obese in
phenotype 3 was significantly higher than the proportion
in the other two phenotypes. We also observed a higher
number of women in the phenotype 3; however, we do not
consider that the difference in body composition observed
between phenotypes is related to gender, because we did
not observe difference in the free fat mass index that takes
the gender in consideration.

HRQoL is also likely to explain the lower physical
activity levels observed in phenotype 3. This hypothesis
can be supported by the findings of Patel et al. showing
that health status is a predictor of daily physical activity
[12]. Then, it is possible that the phenotype 3 is less active
due to a complex association between the health-related
and the psychosocial and the COPD symptoms [59]. For
instance, Oga et al. demonstrated that dyspnoea symptoms
and HRQoL are associated with anxiety and depression
symptoms in COPD patients [60]. Additionally, lower
levels of physical activity were associated with higher
risk for anxiety and depression symptoms [61]. As a con-
sequence, the phenotype 3 might require a motivational
programme to become more active and they also could
benefit for an improvement in the fat mass loss and reduc-
tion of symptoms.

Unexpectedly, a difference in quadriceps muscle strength
among the phenotypes described in the present study was not
observed. This is likely to have occurred due to the use of
an equation to predict quadriceps muscle strength was not
developed for the Brazilian population [30]. The FEV, was
not also different across the three phenotypes despite have
been considered the main marker of severity in COPD [1].

However, the disease prognosis as measured by the ADO
index was significantly different across the phenotypes. The
two most inactive phenotypes (phenotypes 2 and 3) pre-
sented with a worse disease prognosis. These findings con-
firm that, even when pulmonary function is similar across
groups of people with COPD, heterogeneity can still be pre-
sent [62]. Also, reinforce the need to investigate different
phenotypes according to other characteristics.

Clinical implications the characteristics of the phenotypes
identified in the present study, provide substantial informa-
tion for the development of treatment strategies for people
with COPD. Patients from all phenotypes seem to require
an intervention to become more active or to remain active
and to remain as quiet as possible in sedentary behaviour,
but the peculiarities of each group should be considered. For
instance, patients from the phenotype 1 need to maintain
their levels of physical activity. On the other hand, patients
from the phenotypes 2 and 3 need to improve their physi-
cal activity levels; however, it seems that the strategies in
both phenotypes should be different. In phenotype 2, the
age effect should be considered while in phenotype 3 the
body composition and clinical control seem more important.

Changes in physical activity and sedentary behaviour are
difficult, so further studies are necessary.

Limitations

The present study had some limitations. Participants were
recruited from an outpatient clinic in a tertiary University
Hospital what may explain the higher proportion of more
severe COPD patients. A cross-sectional study design does
not allow to establish a cause-effect relationship; however,
these results may provide direction for future longitudinal
studies to evaluate a causal effect in more detail.

Conclusions

The present study demonstrated different phenotypes in peo-
ple with COPD according to their levels of physical activity
and sedentary behaviour. The results have practical implica-
tions for the management of people with COPD and future
studies should consider the peculiarities of each phenotype
for the development of strategies to change the physical
activity and sedentary behaviour in this population.
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