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ABSTRACT The association between characteristics of sleep and physical activity in daily life (PADL)
has not yet been investigated in depth in subjects with COPD. This study evaluated whether time spent
per day in physical activity (PA) and sedentary behaviour are associated with sleep quantity and quality in
this population.
Sleep and PADL were objectively assessed by an activity monitor for 7 days and analysed on a minuteby-minute basis. Subjects also underwent spirometry and 6-min walking test (6MWT).
Fifty-five subjects with moderate-to-severe COPD (28 male, 67±8 years) were studied. Subjects with
total time in bed (TIB) per night ⩾9 h had higher wake-after-sleep onset than TIB 7–9 h and TIB ⩽7 h
(195 (147–218) versus 117 (75–167) and 106 (84–156) min) and more fragmented sleep than TIB ⩽7 h
(8.2 (6.7–14.3) versus 6.3 (5.6–6.9) sleeping bouts; p<0.05 for all). Subjects with TIB ⩾9 h also spent more
time per day in sedentary behaviour and less time per day in PA of light and moderate-to-vigorous
intensity than those with TIB 7–9 h and ⩽7 h. In multiple linear regression, TIB ⩾9 h was the only
significant predictor of physical inactivity (β=−3.3 (−5.1, −1.6), p⩽0.0001), accounting for 20% of its
variation. Sleep fragmentation was frequent and more pronounced in physically inactive than active
patients (7.5 (6.3–9.6) versus 6.4 (5.5–7.3) sleeping bouts; p=0.027).
In summary, subjects with COPD with TIB ⩾9 h·night−1 have more fragmented sleep, are more
sedentary and less physically active than those with <9 h·night−1, independently of the awake time. Sleep
quality is frequently poor and even worse in patients classified as physically inactive.
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Introduction
COPD is a common disease characterised by systemic consequences beyond respiratory impairment [1].
There is consistent evidence showing that physical activity in daily life (PADL) is markedly reduced and
considered an independent predictor of mortality in patients with COPD [2–4]. More recently, in addition
to physical inactivity, there has been increasing interest in also studying sedentary behaviour in patients
with COPD. Evidence shows that sedentary behaviour is clearly different than physical inactivity, and
when present adds an extra burden to the patient’s clinical condition [5]. Physical inactivity is defined as
not achieving at least 30 min·day−1 of moderate-to-vigorous physical activity (MVPA) for at least 5 days of
the week, or 20 min·day−1 of vigorous activities for at least 3 days of the week; while sedentary behaviour
can be defined as any waking behaviour characterised by an energy expenditure ⩽1.5 metabolic
equivalents of task (METs) [6, 7]. Sedentary time is also an independent predictor of mortality in subjects
with COPD, even after adjusting for MVPA and a number of other variables [8]. For these reasons, there
is great interest in understanding what are the factors related to physical inactivity and sedentary
behaviour in individuals with COPD, in order to optimise strategies to overcome these negative features of
the disease.
A good night’s sleep is well recognised as closely related to physical and mental health. In terms of
quantity, the leading sleep organisations recommend a minimum of 7 h of sleep; however, there is
evidence of a U-shaped relationship between sleep duration and health-related outcomes, showing that
spending more than 9 h in bed is associated with higher morbidity and mortality in adults and older
adults [9, 10]. In terms of sleep quality, although this is a term widely used in the literature, there is a lack
of consensus about its definition and how it should be measured. As an attempt of standardisation, the
National Sleep Foundation recently published a guidance report with the most recommended parameters
to measure sleep quality. Besides the amount of time spent at different sleep stages, outcomes such as sleep
efficiency, awakenings and wake time after sleep onset (WASO) were selected as good indicators for the
measurement of sleep quality [11]. Actigraphy is a useful tool which is able to provide objective estimates
of sleep/wake parameters similar to polysomnography and to bring more reliable information about sleep
quantity and fragmentation than subjective evaluations [12]. Poor sleep quality is frequently reported in
COPD [13–15] and is related to higher rates of exacerbation and hospitalisation [16–18]. Furthermore,
there is evidence showing that poor sleep quality is associated with impairment of quadriceps muscle
strength, exercise capacity and PADL [19–21]. For instance, in terms of PADL, patients with better sleep
measures (i.e. nonfragmented sleep, longer sleeping bouts, higher sleep efficiency and lower time spent
awake after sleep onset) spend significantly more time in MVPA in the following day [19]. However,
despite its apparent importance, the relationship between sleep and movement-related behaviour in real
life in COPD has not yet been studied in depth [22]. Therefore, the aim of the study was to evaluate
whether time spent in physical activity and in sedentary behaviour are associated with sleep quantity and
quality in this population.

Methods
This was a cross-sectional analysis with retrospective data from a convenience sample of patients evaluated
in the Laboratory of Research in Respiratory Physiotherapy, State University of Londrina, Brazil. Subjects
enrolled in these baseline-only analyses took part later in an unrelated longitudinal study [23]. This study
was approved by the local ethical committee (no. 123/09) and written informed consent was obtained
from all participants. Inclusion criteria were the diagnosis of COPD according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) [1], stable condition (no exacerbations/infections in the
preceding 3 months), and absence of severe/unstable cardiac disease and comorbidities that could
influence the assessments. Exclusion criterium was not achieving the minimum wearing time for the
activity monitoring assessments, as further described below.
Assessments
Physical activity, sedentary behaviour and sleep were objectively assessed by the multisensory activity
monitor SenseWear® Pro2 Armband (BodyMedia, Pittsburgh, USA), worn on the upper-posterior region of
the right arm [24, 25]. This monitor has been previously used to study sleep in COPD and is often used also
in patients with obstructive sleep apnoea [19, 26]. Patients were instructed to wear the monitor for 24 h
during 7 consecutive days and nights. A minimum on-body time of 22 h·day−1 was considered as a valid
assessment day, and the activity monitor should be worn for at least 4 valid assessment days. The following
sleep variables were determined: total time in bed (TIB) (i.e. total time spent lying in bed for sleep during
the night); total sleep time (TST) (i.e. total time classified as “sleep” during the TIB); sleep efficiency (i.e.
proportion of TST in relation to TIB); WASO (i.e. total time measured as “awake” during the TIB); and
sleeping bouts number and duration (i.e. amount and average duration of blocks of minutes measured as
“sleep” with no interruptions). PADL was evaluated considering the remaining awake time (excluding total
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time spent in bed during the night and any sleep (i.e. nap during the day). Time spent per day in sedentary
behaviour (i.e. activities demanding ⩽1.5 METs), light intensity physical activity ((LIPA) 1.5–2.9 METs) and
MVPA (⩾3 METs) were categorised in a minute-by-minute basis, as well as the number of steps·day−1 and
total energy expenditure. Results of PADL and sleep for each patient were averaged (as per day) taking into
account the valid assessment days of that subject. Patients were classified in three groups based on the TIB
(⩽7 h, 7–9 h, ⩾9 h) according to the recommendations of sleep quantity from the National Sleep Foundation
[9]. Although not a synonym of TST, it is emphasised that the time spent in bed for sleep at night was
considered to reflect sleep quantity as well as to separate the groups based on hours of sleep. Therefore, for
convenience, the term sleep quantity was used throughout the paper.
Patients also underwent assessments of pulmonary function [27, 28], 6-min walking test (6 MWT) [29, 30],
and body composition [31] according to international recommendations (see online supplement for details).
Fat-free mass (FFM) was calculated from bioelectrical impedance using a specific formula derived for patients
with COPD [32]. Fat-free mass index (FFMI) was calculated by dividing FFM by height squared (m2).

Statistical analysis
Data distribution was assessed using Shapiro–Wilk test and described as mean±SD or median (interquartile
range) when appropriate. Chi-squared test was used to compare categorical variables. A Mann–Whitney
U-test or Kruskal–Wallis test was used to compare two or three groups, respectively; and Bonferroni was
used for post hoc analysis, when necessary. Stepwise multiple linear regression models were applied to
predict the time spent per day in physical activity (>1.5 METs) and in sedentary behaviour (⩽1.5 METs)
by attempting different variables of sleep quantity and quality, and also including pulmonary function,
dyspnoea, and 6 MWT. Data were analysed using IBM SPSS StatisticsTM 21.0 (IBM, Chicago, USA) and a
p<0.05 was considered significant.

Results
Fifty-eight patients were included and three were excluded due to not reaching the minimum number of
valid assessment days in the activity monitoring. The analysed sample comprised 55 patients who used the
activity monitor for a mean of 6.78±0.6 days during 23.3±0.4 h·day−1. The sample was characterised by
patients presenting moderate to very severe disease, who were quite symptomatic and mostly sedentary
during the day (table 1). They were in use of a median (interquartile range) of 3 (2–5) medications at the
time of the assessment (n=46): 34 (74%) of the patients were in use of adrenergic agonists, 17 (37%) of
them in use of muscarinic blockers and 28 (61%) in use of corticosteroids.

Quantity and quality of sleep versus physical activity in daily life
In general, patients lay in bed to sleep at 23:03 h (22:17–23:50 h) and got out of bed at 07:10 h
(06:36–08:02 h). TST was positively associated with TIB (r=0.65, p<0.0001), with patients spending an
average of 5.5 h sleeping from 8.1 h lying in bed. The median value of sleeping bouts was 6.9 per night,
and the number of sleeping bouts was inversely associated with sleeping bouts duration (r=−0.72,
p<0.0001). Patients classified as inactive [7] presented higher number of sleeping bouts than those
classified as active (7.5 (6.3–9.6) versus 6.4 (5.5–7.3); p=0.027). Patients with higher sleep fragmentation
(i.e. >6.9 bouts of sleep) presented less time spent in LIPA than those with lower sleep fragmentation (40
(27–46) versus 29 (19–36) %Tawake, p=0.040; see online supplement, table S1).
Table 2 shows that when comparing patients regarding sleep quantity, those who spent more than 9 h
lying in bed (TIB ⩾9 h) presented a more fragmented sleep and spent more time awake during the time
they intended to sleep. This same group presented a significantly lower time spent in LIPA and MVPA
(minutes), as well as a lower number of steps·day−1 when compared to groups TIB ⩽7 h and TIB 7–9 h.
As the duration of awake time was different among groups, we also compared PADL expressed as a
percentage of time awake. The proportion of time spent awake in sedentary behaviour was significantly
higher in patients with TIB ⩾9 h, and the proportion of time spent awake in LIPA and MVPA was
significantly lower in this group when compared to groups TIB ⩽7 h and TIB 7–9 h (figure 1). Concerning
the number of medications in use or the distribution of the different types of these medications
(adrenergic agonists, muscarinic blockers and/or corticosteroids), there were no differences among groups.
Results from the stepwise regression model showed that, among the independent variables studied, TIB
⩾9 h was the only significant predictor of time spent in physical activity (β=−3.3 (−5.1, −1,6), p⩽0.0001),
accounting for 20% of its variation. It was not possible to predict time spent in sedentary behaviour as no
model yielded any significant result by using the same independent variables.
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TABLE 1 Demographic, clinical, sleep and physical activity of daily life characteristics of the
patients
Variables
Male sex n (%)
Age years
FEV1 %pred
GOLD 1/2/3/4 n (%)
mMRC 0/1/2/3/4 n (%)
HADS anxiety score
HADS depression score
BMI kg·m−2
FFMI kg·m−2
FMI kg·m−2
6MWT m
Hypertension n (%)
Diabetes n (%)
Heart disease n (%)
Sleep characteristics
TIB h
TST h
Sleep efficiency %
Sleeping bouts n
Sleeping bouts duration min
WASO min
PADL characteristics
Awake time h
Time spent in SB min (%Tawake)
Time spent in LIPA min (%Tawake)
Time spent in MVPA min (%Tawake)
Steps·day−1 n
Total energy expenditure·day−1 kcal
Average MET·day−1

n=55
28 (51)
67±8
55 (38–62)
1 (2) / 34 (62) /11 (20) / 9 (16)
6 (11) / 11 (20) / 9 (16) / 23 (42) / 6 (11)
5 (1.5–7)
3 (1–6)
26±5
19.8±2.2
6.2±3.8
473±75
28 (51)
12 (22)
9 (16)
8.1±1.3
5.5±1.3
69±13
6.9 (5.9–8.2)
50 (39–67)
138±63
14.8±1.8
537±151 (61±18)
291±143 (32±14)
37 (10–94) (5 (1–11))
7118±4081
1540 (1253–1725)
1.6±0.3

Data are presented as mean±SD or median (interquartile range) according to the normality in data
distribution, unless otherwise indicated. FEV1: forced expiratory volume in 1 s; GOLD: Global Initiative for
Chronic Obstructive Lung Disease; mMRC: modified Medical Research Council; HADS: Hospital Anxiety
and Depression Scale; BMI: body mass index; FFMI: fat-free mass index; FMI: fat mass index; 6MWT:
6-min walking test; TIB: total time in bed; TST: total sleep time; WASO: wake-after-sleep onset; PADL:
physical activity in daily life; SB: sedentary behaviour; LIPA: light intensity physical activity; MVPA:
moderate-to-vigorous physical activity; Tawake: time spent awake; MET: metabolic equivalents of task.

Quantity and quality of sleep between males and females
Although not statistically significant, the proportion of male subjects was 64% in the higher sleep
fragmentation group and 37% in the lower sleep fragmentation group, respectively (see table S1 for
details). Moreover, figure 2 illustrates that, despite the absence of significant difference in TIB between
males and females (491 (430–537) versus 476 (422–533), respectively; p=0.814), sleep quality was
significantly worse for males compared to females, as follows: TST (313 (253–362) versus 368 (304–392)
min; p=0.045), sleep efficiency (65 (57–73) versus 74 (69–82); p=0.003), WASO (167 (121–202) versus 105
(67–144) min; p=0.002), number of sleeping bouts (7.3 (6.4–9.6) versus 6.2 (4.5–7.5); p=0.016), and
sleeping bouts duration (41 (34–56) versus 60 (48–85) min; p=0.006). There were no between-sex
differences regarding age, body mass index, COPD severity, exercise capacity and PADL.

Discussion
This study describes a novel finding that not only quality but also quantity of sleep are important issues that
could affect the level of PADL in patients with COPD. Firstly, patients who spent 9 or more h·night−1 lying
in bed for sleep actually had worse sleep quality, worse level of physical activity and spent approximately
20% more time in sedentary behaviour during awake time than patients who spent less TIB for sleep.
Further, TIB ⩾9 h·night−1 contributed alone to 20% of the variation of time spent in physical activity, and
subjects with TIB ⩾9 h·night−1 have <3.3 h of physical activity per day than those with TIB <9 h·night−1.
Secondly, physically inactive patients had more fragmented sleep than those physically active and, when
comparing patients according to sleep fragmentation, those with more fragmented sleep spent 10% less of
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TABLE 2 Clinical, sleep and physical activity in daily life according to sleep quantity
Variables

Male sex n (%)
Age years
FEV1 %pred
mMRC
HADS anxiety score
HADS depression score
BMI kg·m−2
FFMI kg·m−2
FMI kg·m−2
6MWT m
Sleep characteristics
TIB min
TST min
Sleep efficiency %
Sleeping bouts n
Sleeping bouts duration min
WASO min
PADL characteristics
Awake time min
Time spent in SB min
Time spent in SB %Tawake
Time spent in LIPA min
Time spent in LIPA %Tawake
Time spent in MVPA min
Time spent in MVPA %Tawake
Steps·day−1 n
Total energy expenditure·day−1 kcal
Average MET·day−1

⩽7 h
n=12

7 to 9 h
n=31

⩾9 h
n=12

6 (50)
64 (60–69)
57 (50–68)
2 (1–3)
5 (1–7)
4 (1–6)
24 (21–34)
19.7 (18.7–21.9)
5.5 (2.9–5.5)
531 (461–567)

16 (52)
66 (60–75)
55 (40–62)
3 (1–3)
5 (2–7)
3 (1–4)
25 (22–29)
19.4 (18.0–21.5)
5.0 (3.2–7.5)
490 (439–521)

6 (50)
72 (65–75)
41 (43–60)
3 (2–3)
6 (1–7)
6 (4–8)
28 (24–31)
20.1 (17.5–22.2)
7.4 (4.1–9.2)
413 (364–440)#,¶

0.313
0.128
0.172
0.948
0.092
0.553
0.784
0.423
<0.0001

390 (374–408)
270 (212–309)
72 (61–77)
6.3 (5.6–6.9)
46 (36–63)
106 (84–156)

487 (448–513)#
354 (298–382)#
72 (65–78)
6.9 (5.7–8.1)
54 (40–70)
117 (75–167)

596 (569–618)#,¶
382 (345–445)#
65 (59–71)
8.2 (6.7–14.3)#
45 (28–71)
195 (147–218)#,¶

<0.0001
0.001
0.225
0.024
0.429
0.006

1017 (993–1036)
533 (426–694)
55.0 (42.2–67.6)
371 (275–428)
35.2 (27.8–42.9)
85 (36–156)
8.4 (3.7–15.9)
8945 (6746–11956)
1738 (1518–2111)
1.8 (1.5–1.9)

890 (850–934)#
514 (383–649)
56.9 (40.2–68.3)
300 (215–414)
35.3 (23.7–46.4)
45 (10–89)
5.5 (1.1–10.5)
8424 (4068–10481)
1562 (1218–1655)
1.6 (1.4–1.9)

785 (718–810)#,¶
599 (490–629)
77.3 (65.7–86.8)#,¶
170 (93–245)#,¶
21.1 (12.3–32.4)#,¶
8 (2–16)#,¶
0.99 (0.3–2.2)#,¶
3018 (1768–4586)#,¶
1004 (892–1333)#,¶
1.3 (1.3–1.4)#,¶

<0.0001
0.546
0.017
0.001
0.025
0.001
0.003
<0.0001
<0.0001
0.003

p-value

Data are presented as median (interquartile range), unless otherwise stated. FEV1: forced expiratory volume in the first second; mMRC:
modified Medical Research Council; HADS: Hospital Anxiety and Depression Scale; BMI: body mass index; FFMI: fat-free mass index; FMI: fat
mass index; 6MWT: 6-min walking test; TIB: total time in bed; TST: total sleep time; WASO: wake-after-sleep onset; PADL: physical activity in
daily life; SB: sedentary behaviour; LIPA: light intensity physical activity; MVPA: moderate-to-vigorous physical activity; Tawake: time spent
awake; MET: metabolic equivalents of task. #: p<0.05 versus ⩽7 h; ¶: p<0.05 versus 7 to 9 h.

awake time on LIPA than patients with less sleep fragmentation. Finally, we also showed that male subjects
with COPD presented the same quantity of sleep than female patients, but with considerably worse quality.
To our knowledge, this is the first time that both quantity and quality of sleep and their relationship with
objective assessments of sedentary behaviour and PADL have been addressed in patients with COPD.
MVPA

LIPA

SED

*
*
100

FIGURE 1 Proportion of time spent
in SED behaviour, LIPA and MVPA
(expressed as a percentage of
awake
time)
among
groups
according to sleep quality. SED:
sedentary; LIPA: light intensity
physical activity; MVPA: moderateto-vigorous physical activity. *: p<0.05.
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p=0.002
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20
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p=0.016
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f) 200

15
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5
0

0
Male

Male
p=0.006

20

Sleeping bouts min

e)
Sleeping bouts n

d) 400

Female

80

0

0
Female

WASO min

p=0.003

b) 600

Sleep efﬁciency %

a) 800

150
100
50
0

Female

Male

Female

Male

FIGURE 2 Sleep characteristics between female and male patients regarding a) total TIB, b) TST, c) sleep efficiency, d) WASO, e) number of
sleeping bouts, and f) average duration of sleeping bouts. TIB: total time in bed; TST: total sleep time; WASO: wake time after sleep onset.

As previously mentioned, the leading sleep organisations recommend 7–9 h of sleep for adults and older
adults [9, 10]. It is worth noticing that the vast majority of evidence that supported these
recommendations were derived from large cohort studies involving mostly self-reported measures. As
clearly stated at the recommendation document [9], these subjective measures often describe total TIB
rather than actual sleep time, and therefore the present study used TIB as outcome in order to be
comparable with these reports from the literature. In the present study, 60% of the patients reached the
recommended sleep quantity, whereas 20% spent <7 h in bed and other 20% spent ⩾9 h in bed for sleep.
Evidently, the longer the time spent in bed for sleep at night the shorter will be the time available for
physical activity during the day. Even after correction as a percentage of awake time, sedentary behaviour
was still significantly higher in patients with TIB ⩾9 h in comparison to both groups of patients with TIB
<9 h. In fact, this group spent almost 80% of their awake time in sedentary behaviour. Likewise, time spent
in LIPA and MVPA, as well as the number of steps were significantly lower in the group TIB ⩾9 h than
for the remaining subjects. These results suggest that sleeping longer than 9 h·night−1 does not lead to
higher levels of PADL in patients with COPD; on the contrary, patients with this profile are more
sedentary and less active. Interestingly, the group with TIB ⩾9 h was characterised by a significantly worse
6MWT than the other groups, despite being similar with respect to sex, degree of airflow obstruction and
anthropometric characteristics (table 2). Moreover, TIB ⩾9 h overshadowed all other studied variables and
was the only significant predictor of time spent in physical activity. The 6MWT, level of PADL and
sedentary behaviour have been shown to be independent predictors of mortality in patients with COPD [3,
8, 33], which leads us to presume that patients who spend ⩾9 h in bed per night are most severely affected
in terms of health status and under higher risk than the others. Noteworthy, in older adults, there is
evidence that long sleep duration per se is associated with greater mortality [34] even in individuals with
better health status (i.e. good cognitive function, no depression and without limitations in activities of
daily living) [35]. Therefore, the increase in mortality may not only be due to worse health status; long
sleep duration itself can be considered an independent predictor of mortality [35].
Besides sleep quantity, another important aspect to be evaluated is sleep quality. Sleep complaints and
night-time symptoms are frequent and have a detrimental impact on health status in patients with COPD
[14, 36]. Studies evaluating sleep quality in COPD were mostly subjective and also showed that impaired
sleep quality may contribute to worse outcomes [13]. According to the recommendations, a WASO
⩽20 min and sleep efficiency ⩾85% indicate good sleep quality, while WASO ⩾41 min and sleep efficiency
⩽74% seem to indicate poor sleep quality in older adults [11]. In the present sample, only two (3.6%)
patients presented WASO <41 min and no patient presented WASO ⩽20 min; moreover, almost all of the
sample presented low sleep efficiency, with only four (7.2%) patients presenting sleep efficiency ⩾85%.
The present study showed that poor sleep quality is associated with both LIPA and MVPA, as patients
with fragmented sleep spent less time in LIPA as well as patients considered inactive presented more
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fragmented sleep. When sleep quality was compared among groups classified by sleep quantity, patients
with TIB ⩾9 h presented significantly higher sleep fragmentation (higher number of sleeping bouts and
higher WASO) than the remaining sample. These findings highlight the fact that sleep quantity does not
mean sleep quality, which is an important information to keep in mind mainly when interpreting studies
with subjectively measured sleep quantity.
Another finding of the present study is that objectively measured sleep quality was better in female than
male patients with COPD, even though sleep quantity was similar between sexes. Women with COPD
seem to be more symptomatic and present a worse health-related quality of life than male patients, which
could influence self-perceived sleep quality [37]. When comparing subjective and objective quality of sleep
in male and female subjects with and without COPD, there is evidence that, despite a higher prevalence of
reported sleep disturbances in women, the association between COPD and impaired sleep was more
evident in men [38]. SPINA et al. [19] showed that male subjects with COPD also presented worse
objectively measured sleep quality than females. However, our study design and the multitude of factors
which may play a pivotal role in this issue do not allow any causality to be inferred at this point. Despite
the potential existence of sex differences related to behavioural, physiological and environmental factors,
there is still a gap in the literature regarding mechanisms and differences in clinical presentation of COPD
between sexes, including in terms of sleep quality.
This study has some strengths and limitations. Sleep and PADL were objectively evaluated, and all data
from the activity monitor were analysed manually patient by patient and minute by minute. Although
unfeasible for large samples, we believe this approach was a strength of the study, especially for maximal
accuracy in the in-depth evaluation of sleep characteristics. A wide variation in bedtime and wake-up time
was noticed in the patients, which could be misinterpreted with the use of algorithms with pre-determined
windows for these analyses. Another strength of this study was the objective evaluation of sleep and PADL
for a mean of 6.8 days, including the weekend, which allows a more comprehensive reflection of real habits
concerning sleep and PADL. As for the limitations: patients were not assessed regarding sleep disorders, as
there was no polysomnography/polygraphy available for this research project. Additionally, patients with
more important sleep debt were not represented by our sample, with only two patients with TIB <6 h.
Association between quantity of sleep and impairment related to deteriorated quality of wakefulness has a
U-shape, with a marked increase when long sleep duration is >9 h and short sleep duration is
approximately <5 h [39]. Then again, higher TIB may be a characteristic of patients with COPD, who are
elderly, frequently retired and with considerable available time, and this may be the reason why we did not
find any important differences in the group with TIB ⩽7 h. We also acknowledge that TIB may not be
fully accurate for the measurement of sleep duration and that we were not able to study the role of
characteristics such as working and marital status on sleep or PADL. Finally, the cross-sectional design of
this study does not allow us to make any causality assumptions. Interventional and longitudinal studies,
with larger samples and objective assessment of sleep, are needed to better understand its influence on
improving PADL and sedentary behaviour in patients with COPD.
Conclusion
TIB ⩾9 h·night−1 is a determinant factor of objectively assessed level of physical activity in subjects with
COPD. Patients with TIB ⩾9 h·night−1 have more fragmented sleep, are more sedentary and less physically
active than those with <9 h·night−1, independently of the awake time. Moreover, sleep quantity does not
necessarily mean sleep quality. Sleep quality is frequently poor especially in males, and is worse in patients
classified as inactive. Increasing PADL and decreasing sedentary behaviour are challenging in these
patients, and the quantity of sleep may be one of the keys to achieve these goals.
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