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BACKGROUND: COPD increases susceptibility to sleep disturbances, which may in turn pre-
dispose to increased respiratory symptoms. The objective of this study was to evaluate, in a
population-based sample, the relationship between subjective sleep quality and risk of COPD
exacerbations.

METHODS: Data were obtained from the Canadian Cohort Obstructive Lung Disease
(CanCOLD) study. Participants with COPD who had completed 18 months of follow-up
were included. Sleep quality was measured with the Pittsburgh Sleep Quality Index (PSQI)
and a three-factor analysis. Symptom-based (dyspnea or sputum change $ 48 h) and event-
based (symptoms plus medication or unscheduled health services use) exacerbations were
assessed. Association of PSQI with exacerbation rate was assessed by using negative binomial
regression. Exacerbation-free survival was also assessed.

RESULTS: A total of 480 participants with COPD were studied, including 185 with one or
more exacerbations during follow-up and 203 with poor baseline sleep quality (PSQI score >
5). Participants with subsequent symptom-based exacerbations had higher median baseline
PSQI scores than those without (6.0 [interquartile range, 3.0-8.0] vs 5.0 [interquartile range,
2.0-7.0]; P ¼ .01), and they were more likely to have baseline PSQI scores > 5
(50.3% vs 37.3%; P ¼ .01). Higher PSQI scores were associated with increased symptom-
based exacerbation risk (adjusted rate ratio, 1.09; 95% CI, 1.01-1.18; P ¼ .02) and
event-based exacerbation risk (adjusted rate ratio, 1.10; 95% CI, 1.00-1.21; P ¼ .048). The
association occurred mainly in those with undiagnosed COPD. Strongest associations were
with Factor 3 (sleep disturbances and daytime dysfunction). Time to symptom-based
exacerbation was shorter in participants with poor sleep quality (adjusted hazard ratio,
1.49; 95% CI, 1.09-2.03).

CONCLUSIONS: Higher baseline PSQI scores were associated with increased risk of COPD
exacerbation over 18 months’ prospective follow-up. CHEST 2019; 156(5):852-863
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Sleep disorders in patients with COPD are common,
including increased prevalence of insomnia, hypnotic
medication use, and excessive daytime somnolence.1-4

Nocturnal alterations in ventilation and symptoms such
as cough and wheeze are also common.2,3 These
symptoms can result in difficulty initiating and
maintaining sleep, with possible consequences of
daytime somnolence, cognitive changes,5 and altered
immune function,6 predisposing to acute exacerbations
of COPD.7

COPD has been shown to be associated with poor
sleep quality as measured by using the Pittsburgh
Sleep Quality Index (PSQI).8 Sleep quality is an
important predictor of health-related quality of life
in COPD.7-9 Acute exacerbations of COPD are
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common in the course of the disease and lead to
deterioration in health status and increased
mortality.10 Therefore, there has been a growing
interest in sleep quality in COPD and its effect on
exacerbations.

The major objective of the current study was to
evaluate, in a population-based sample, the relation
between subjective sleep quality and risk of COPD
exacerbations. We also evaluated sleep quality and risk
of exacerbations according to physician-diagnosed and
undiagnosed COPD. We hypothesized that individuals
with COPD and poor sleep quality would be more
prone to exacerbations during an 18-month follow-up
period compared with individuals with good sleep
quality.
Patients and Methods
Study Population

This study was embedded in the Canadian Cohort Obstructive Lung
Disease (CanCOLD) trial, a prospective, multicenter, population-
based cohort study. Participants were selected from a core sample of
6,592 individuals of the Canadian Obstructive Lung Disease (COLD)
study identified through random digit dialing (land telephone line)
from nine Canadian urban sites. CanCOLD participants underwent
postbronchodilator spirometry per guidelines.11 They were classified
as having either COPD, based on spirometric Global Obstructive
Lung Disease (GOLD) stages I to IV; at-risk individuals (smokers
with normal postbronchodilator spirometry results); or healthy
control subjects (never smokers with normal spirometry results).
Assessments were performed at baseline, 18 months, and 3 years
following study initiation. Details of the CanCOLD study have been
previously published.12 Data from participants who had completed
18 months’ follow-up were extracted from the CanCOLD database
on March 12, 2018.

Measures

Self-reported sleep quality was measured by using the validated PSQI,13

which consists of 19 questions, grouped into seven components, each
weighted equally on a scale of 0 to 3. Questions include subjective sleep
quality, latency, duration, efficiency, disturbances, use of sleep
medications, and daytime dysfunction. Total scores range from 0 to 21.
A score > 5 defines poor sleep. A validated three-factor analysis was
also used, which is favored as statistically more sound over a single
score.14 Factor 1, Sleep Efficiency, includes sleep duration and efficiency
components (score, 0-6). Factor 2, Sleep Quality, includes the perceived
sleep quality, sleep latency, and sleep medication use components
(score, 0-9). Factor 3, Daily Disturbances, includes sleep disturbances
(eg, bathroom use, breathing issues, pain) and sleep-related daytime
dysfunction (eg, sleepiness, enthusiasm) components (score, 0-6).

Exacerbations

Exacerbations were self-reported by each participant prospectively by
using a Web-based tool and also assessed by telephone interview by a
study coordinator every 3 months. An exacerbation event within the
18-month follow-up was the primary outcome variable. Exacerbations
were classified as either “symptom-based” or “event based.” A
symptom-based exacerbation required at least one exacerbation of
increased dyspnea, sputum volume, or sputum purulence lasting at
least 48 h. An event-based exacerbation was defined as a symptom-
based exacerbation plus utilization of antibiotics or corticosteroids,
or accessing health-care services (eg, ED, unscheduled physician
visit, hospitalization).15

Statistical Analysis

Descriptive data are reported as means and SDs, median and
interquartile range, or number and percentage. Comparisons between
groups were performed with analysis of variance or nonparametric
Kruskal-Wallis or Mann-Whitney U test, Cochran-Mantel-Haenszel
test for categorical variables (three groups), or c2 test (two groups).
Univariable and multivariable negative binomial regression16 models
were used to estimate the association between PSQI scores and rate
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of exacerbations, and to calculate the exacerbation rate ratio and
95% CIs. Covariates were chosen for their association with poor
sleep quality and exacerbations, based on univariable analyses or a
priori. Results were calculated for all individuals with COPD, and by
physician-diagnosed and undiagnosed COPD, as reported by
854 Original Research
participants.15 A Cox proportional hazards regression model was
used to assess whether poor sleep quality was associated with
increased risk of exacerbations. A P value < .05 was considered
statistically significant. Analyses were performed by using SAS
version 9.3.25 (SAS Institute, Inc.).
Results

Participants

A total of 1,556 subjects were enrolled in the CanCOLD
database at the time of the current study. Of those, 1,040
had baseline PSQI data and completed the 18-month
follow-up, including 480 with COPD, 324 at-risk
individuals, and 236 healthy control subjects. Baseline
characteristics are shown in Table 1. Characteristics of
excluded subjects (239 with COPD) were similar except
that 52% were male compared with 58% of those
included (P ¼ .02), and CPAP use was 2.5% vs 4.9%,
respectively (P ¼ .03). Of the 1,040 participants, 427
(41.1%) had poor quality sleep with PSQI scores > 5.
There was no significant difference in median PSQI
scores between those with COPD, at-risk subjects, and
healthy control subjects, or among those with GOLD
stages I through IV. The remainder of the results pertain
to the COPD group only.

The majority of subjects with COPD were undiagnosed
by a physician (71%). The mean � SD FEV1 of those
with diagnosed COPD was 2.0 � 0.7 L, compared with
2.5 � 0.8 L in those with undiagnosed COPD (P < .001).
Those with diagnosed COPD were more likely to be
prescribed inhaled treatment (56% vs 17%; P < .001).
This group had poorer quality sleep than those with
undiagnosed COPD (PSQI score, 5.7 � 3.3 vs 5.1 � 3.3;
P ¼ .04) and were more likely to have at least 1
exacerbation in the follow-up period (54% vs 32%; P <

.01). The overall exacerbation rate was higher in the
diagnosed group than in the undiagnosed COPD group.

Baseline PSQI Scores in Those With and Without
Exacerbations

Individuals with one or more symptom-based
exacerbation during the 18-month follow-up period had
a higher median baseline global PSQI score (6.0 vs 5.0;
P ¼ .01) and higher scores in Factors 2 and 3, compared
with those without exacerbation (Table 2). They were
also more likely to be poor sleepers (PSQI score > 5).
Those with an event-based exacerbation during follow-
up had significantly higher baseline Factor 3 scores.

When evaluating those with diagnosed and undiagnosed
COPD separately, both groups reported higher baseline
Factor 3 scores in association with subsequent
symptom-based exacerbations. In those with
undiagnosed COPD but not those with diagnosed
COPD, a statistically significant association with
symptom-based exacerbations was also found for global
PSQI score, Factor 2 score, and PSQI score > 5;
association between event-based exacerbations and
Factor 2 and 3 scores did not reach statistical
significance (Table 2).

Risk of Exacerbation in Relation to Baseline PSQI

Table 3 shows that in all individuals with COPD, higher
baseline global PSQI score, Factor 1 and Factor 3 scores,
and PSQI score > 5 were associated with a greater risk of
symptom-based exacerbations during follow-up, in
univariable and multivariable analyses (adjusted for age,
sex, BMI, smoking status, depression, angina, baseline
inhaled respiratory medications, FEV1 percent predicted,
and modifiedMedical Research Council scale score). Risk
of event-based exacerbations showed a significant
association with global PSQI score and associations that
trended to statistical significance with Factors 1 and 3.

In subgroup assessments, a higher exacerbation rate was
associated with poor sleep (PSQI score > 5) in the
undiagnosed group only (Fig 1). In those with diagnosed
COPD, the rate of exacerbations was high irrespective of
sleep quality. In the undiagnosed group, the risk of
exacerbation, both symptom-based and event-based, was
associated with higher baseline global PSQI score, Factor
2 and 3 scores, and PSQI score > 5 (Table 3). In the
subgroup of diagnosed COPD, there were no significant
associations. Analyses were repeated excluding
individuals with self-reported asthma (n ¼ 320). Results
were consistent with the primary models but showed a
stronger effect for Factor 3 (Table 4).

Time to Exacerbation

Poor baseline sleep quality was associated with a shorter
time to symptom-based exacerbations (hazard ratio
[HR], 1.84 [95% CI, 1.20-2.83], unadjusted; HR, 1.49
[95% CI, 1.09-2.03], adjusted for baseline age, sex, BMI,
current smoking, angina, major depression, inhaled
respiratory medications, FEV1 percent predicted, and
modified Medical Research Council scale score). The
Kaplan-Meier survival curve is presented in Figure 2.
There was no statistically significant difference in time to
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TABLE 1 ] Baseline Characteristics and Exacerbations During Follow-up of All Subjects Who Completed the 18-Month Follow-up

Characteristic Total (N ¼ 1,040)

COPD
At-risk Control

Subjects
(n ¼ 324)

Healthy Control
Subjects
(n ¼ 236) P ValuebAll (n ¼ 480)

Diagnosed COPD
(n ¼ 141)

Undiagnosed COPD
(n ¼ 339) P Valuea

Age, y 66.6 � 9.7 67.5 � 10.1 66.8 � 9.2 67.8 � 10.4 .27 65.6 � 9.2 66.3 � 9.4 .046c

Male sex 605 (58.2) 302 (62.9) 71 (50.4) 231 (68.1) < .001c 191 (59.0) 112 (47.5) < .001c

BMI, kg/m2 27.8 � 5.4 27.4 � 5.3 27.4 � 5.1 27.4 � 5.3 .88 28.5 � 5.7 27.5 � 5.1 .04c

Ever smokers 665 (63.9) 341 (71.0) 119 (84.4) 222 (65.5) < .001c 324 (100.0) . .

Current smokers 161 (15.5) 92 (19.2) 37 (26.2) 55 (16.2) .01c 69 (21.3) . < .001c

Cigarette pack-years 16.5 � 22.4 23.5 � 25.7 35.7 � 27.4 18.5 � 23.2 < .001c 18.5 � 18.8 . < .001c

FEV1, % predicted 92.2 � 20.1 82.6 � 19.5 71.5 � 19.6 87.2 � 17.5 < .001c 99.7 � 16.8 101.4 � 16.7 < .001c

FEV1/FVC, % 69.8 � 10.4 61.1 � 8.3 56.9 � 10.4 62.8 � 6.6 < .001c 76.9 � 4.6 77.6 � 4.6 < .001c

COPD groups

GOLD stage I 271 (26.1) 271 (56.5) 51 (36.2) 220 (64.9) < .001c . . ...

GOLD stages II and
higher

209 (20.1) 209 (43.5) 90 (63.8) 119 (35.1) < .001c . . .

mMRC dyspnea scale
score $ 3/5

54 (5.7) 37 (8.5) 21 (17.6) 16 (5.0) < .001c 7 (3.2) 10 (3.5) .004c

CAT score 6.6 � 5.7 7.6 � 6.5 11.8 � 7.4 5.9 � 5.1 < .001c 6.0 � 5.3 5.5 � 4.2 < .001c

SGRQ-total 12.8 � 14.0 15.3 � 15.1 25.5 � 17.2 11.0 � 11.8 < .001c 9.5 � 11.7 8.2 � 10.4 < .001c

Physician-diagnosed COPD 189 (18.2) 141 (29.4) 141 (100.0) . . 35 (10.8) 13 (5.5) < .001c

Long-term oxygen therapy 1 (0.1) 1 (0.2) 1 (0.7) 0 .29 0 0 .99

BPAP use 3 (0.3) 0 0 0 . 1 (0.3) 2 (0.8) .09

CPAP use 51 (4.9) 23 (4.8) 11 (7.9) 12 (3.6) .06 17 (5.3) 11 (4.7) .95

Self-reported comorbidities

Angina 48 (4.6) 19 (4.0) 8 (5.7) 11 (3.2) .21 18 (5.6) 11 (4.7) .57

Myocardial infarction 40 (3.8) 18 (3.8) 8 (5.7) 10 (2.9) .15 15 (4.6) 7 (3.0) .59

Major depression 58 (5.6) 36 (7.5) 17 (12.1) 19 (5.6) .01c 15 (4.6) 7 (3.0) .03c

Inhaler use

LABA or LAMA 12 (1.2) 9 (1.9) 8 (5.7) 1 (0.3) < .001c 3 (0.9) .07

ICS alone 62 (6.0) 34 (7.1) 15 (10.6) 19 (5.6) .05 18 (5.6) 10 (4.2) .29

ICS combined with
LABA/LAMA

119 (11.4) 93 (19.4) 56 (39.7) 37 (10.9) < .001c 19 (5.9) 7 (3.0) < .001c

Any 193 (18.6) 136 (28.3) 79 (56.0) 57 (16.8) < .001c 40 (12.3) 17 (7.2) < .001c

(Continued)
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TABLE 1 ] (Continued)

Characteristic Total (N ¼ 1,040)

COPD
At-risk Control

Subjects
(n ¼ 324)

Healthy Control
Subjects
(n ¼ 236) P ValuebAll (n ¼ 480)

Diagnosed COPD
(n ¼ 141)

Undiagnosed COPD
(n ¼ 339) P Valuea

PSQI variables

Global PSQI score (scale,
0-21)

5.0 (3.0, 7.0) 5.0 (3.0, 7.0) 5.0 (3.0, 8.0) 5.0 (3.0, 7.0) .042c 5.0 (3.0, 8.0) 5.0 (3.0, 7.0) .88

Factor 1: Sleep Efficiency 0.5 (0.0, 1.0) 0.5 (0.0, 1.0) 0.5 (0.0, 1.0) 0.5 (0.0, 1.0) .38 0.5 (0.0, 1.0) 0.5 (0.0, 1.0) .46

Factor 2: Sleep Quality 0.7 (0.3, 1.0) 0.7 (0.3, 1.0) 0.7 (0.3, 1.3) 0.7 (0.3, 1.0) .01c 0.7 (0.3, 1.3) 0.7 (0.3, 1.0) .85

Factor 3: Daily
Disturbance

1.0 (0.5, 1.0) 1.0 (0.5, 1.0) 1.0 (0.5, 1.0) 1.0 (0.5, 1.0) .29 1.0 (0.5, 1.0) 1.0 (0.5, 1.0) .45

Insomnia (global PSQI
score > 5)

427 (41.1) 203 (42.3) 69 (48.9) 134 (39.5) .06 131 (40.4) 93 (39.4) .73

Exacerbation frequency

0 686 (66.0) 295 (61.5) 65 (46.1) 230 (67.8) < .001c 216 (66.7) 175 (74.2) .001c

1 226 (21.7) 107 (22.3) 36 (25.5) 71 (20.9) .27 77 (23.8) 42 (17.8) .22

2 81 (7.8) 50 (10.4) 24 (17.0) 26 (7.7) .001c 15 (4.6) 16 (6.8) .01c

$ 3 47 (4.5) 28 (5.8) 16 (11.3) 12 (3.5) < .001c 16 (4.9) 3 (1.3) .01c

Data are presented as mean � SD, No. (%), or median (interquartile range). BPAP ¼ bilevel positive airway pressure; CAT ¼ COPD Assessment Test; ICS ¼ inhaled corticosteroid; LABA ¼ long-acting beta-agonist;
LAMA ¼ long-acting muscarinic antagonist; mMRC ¼ modified Medical Research Council scale; PSQI ¼ Pittsburgh Sleep Quality Index; SGRQ ¼ St. George’s Respiratory Questionnaire.
aComparing individuals with diagnosed COPD vs undiagnosed COPD among patients with COPD.
bComparing individuals with COPD with exacerbations vs without exacerbations, at-risk control subjects, and healthy control subjects.
cStatistically significant at P < .05.
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TABLE 2 ] Baseline PSQI According to Exacerbation Status During the 18-Month Follow-up Period

PSQI Variable

All COPD (n ¼ 480)

Symptom-based
Exacerbation No Exacerbation

P Value

Event-based
Exacerbation No Exacerbation

P Value(n ¼ 185) (n ¼ 295) (n ¼ 139) (n ¼ 341)

Global PSQI Score (scale,
0-21), median (Q1, Q3)

6.0 (3.0, 8.0) 5.0 (2.0, 7.0) .01a 5.0 (3.0, 8.0) 5.0 (3.0, 7.0) .19

Factor 1: Sleep Efficiency,
median (Q1, Q3)

0.5 (0.0, 1.5) 0.5 (0.0, 1.0) .07 0.5 (0.0, 1.5) 0.5 (0.0, 1.0) .27

Factor 2: Sleep Quality,
median (Q1, Q3)

0.7 (0.3, 1.3) 0.7 (0.3, 1.0) .04a 0.7 (0.3, 1.3) 0.7 (0.3, 1.0) .25

Factor 3: Daily Disturbance,
median (Q1, Q3)

1.0 (0.5, 1.0) 0.5 (0.5, 1.0) < .001a 1.0 (0.5, 1.0) 1.0 (0.5, 1.0) .03a

Poor sleeper (global PSQI
score > 5), No. (%)

93 (50.3) 110 (37.3) .01a 62 (44.6) 141 (41.3) .51

Diagnosed COPD (n ¼ 141)

Symptom-based
Exacerbation No Exacerbation

P
Value

Event-based
Exacerbation No Exacerbation

P Value(n ¼ 76) (n ¼ 65) (n ¼ 66) (n ¼ 75)

Global PSQI Score (scale,
0-21), median (Q1, Q3)

5.0 (3.0, 8.5) 5.0 (3.0, 7.0) .64 5.0 (3.0, 8.0) 6.0 (4.0, 8.0) .46

Factor 1: Sleep Efficiency,
median (Q1, Q3)

0.5 (0.0, 1.5) 0.5 (0.0, 1.0) .29 0.5 (0.0, 1.5) 0.5 (0.0, 1.0) .5

Factor 2: Sleep Quality,
median (Q1, Q3)

0.7 (0.3, 1.3) 0.7 (0.3, 1.0) .64 0.7 (0.3, 1.3) 0.7 (0.3, 1.3) .12

Factor 3: Daily Disturbance,
median (Q1, Q3)

1.0 (0.5, 1.0) 1.0 (0.5, 1.0) .045a 1.0 (0.5, 1.0) 1.0 (0.5, 1.0) .75

Poor sleeper (global PSQI
score > 5), No. (%)

37 (48.7) 32 (49.2) .94 29 (43.9) 40 (53.3) .26

Undiagnosed COPD (n ¼ 339)

Symptom-based
exacerbation No Exacerbation

P Value

Event-based
exacerbation No Exacerbation

P Value(n ¼ 109) (n ¼ 230) (n ¼ 73) (n ¼ 266)

Global PSQI Score (scale,
0-21), median (Q1, Q3)

6.0 (3.0, 8.0) 4.0 (2.0, 7.0) .01a 5.0 (3.0, 8.0) 5.0 (2.0, 7.0) .10

Factor 1: Sleep Efficiency,
median (Q1, Q3)

0.5 (0.0, 1.5) 0.5 (0.0, 1.0) .20 0.5 (0.0, 1.5) 0.5 (0.0, 1.0) .51

Factor 2: Sleep Quality,
median (Q1, Q3)

0.7 (0.3, 1.3) 0.5 (0.0, 1.0) .02a 0.7 (0.3, 1.3) 0.7 (0.3, 1.0) .05

Factor 3: Daily Disturbance,
median (Q1, Q3)

1.0 (0.5, 1.5) 0.5 (0.5, 1.0) < .001a 1.0 (0.5, 1.0) 0.5 (0.5, 1.0) .08

Poor sleeper (global PSQI
score > 5), No. (%)

56 (51.4) 78 (33.9) .001a 33 (45.2) 101 (38.0) .26

Data are presented as median (interquartile range) or No. (%). Comparisons were conducted by using c2 or Mann-Whitney U tests. See Table 1 legend for
expansion of abbreviation.
aStatistically significant at P < .05.
event-based exacerbations (HR, 1.32 [95% CI, 0.78-2.23],
unadjusted; HR, 1.02 [95% CI, 0.71-1.47], adjusted).

Discussion
The current study found that poor subjective sleep
quality assessed by using the PSQI was associated with a
chestjournal.org
higher risk of exacerbations in individuals with COPD.
Poor sleep quality in COPD has previously been
associated with reduced health-related quality of life7,9

and reduced physical activity during the day.17 However,
to our knowledge, this study is the first population-based
longitudinal analysis evaluating exacerbation risk in
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TABLE 3 ] Sleep Quality and the Risk of Exacerbation (Negative Binomial Model)

Baseline Variable

Incidence of Symptom-based Exacerbation Incidence of Event-based Exacerbation

Univariable Multivariable Univariable Multivariable

RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value

All COPD (n ¼ 480)

Global PSQI score (/2 points) 1.11 (1.02-1.21) .01a 1.12 (1.03-1.22) .007a 1.10 (1.00-1.21) .06 1.10 (1.00-1.21) .048a

Factor 1: Sleep Efficiency (/1 point) 1.21 (1.02-1.43) .03a 1.23 (1.03-1.46) .02a 1.20 (0.97-1.47) .09 1.20 (0.98-1.47) .07

Factor 2: Sleep Quality (/1 point) 1.16 (0.92-1.45) .21 1.19 (0.95-1.49) .13 1.15 (0.88-1.51) .30 1.17 (0.89-1.52) .26

Factor 3: Daily Disturbance (/1 point) 1.55 (1.14-2.11) .005a 1.53 (1.13-2.06) .006a 1.44 (1.00-2.08) .05 1.42 (0.99-2.02) .06

Poor sleeper, yes vs no 1.36 (1.02-1.81) .04a 1.41 (1.06-1.87) .02a 1.17 (0.82-1.65) .39 1.18 (0.84-1.66) .35

Physician-diagnosed COPD (n ¼ 141)

Global PSQI score (/2 points) 1.04 (0.92-1.18) .50 1.09 (0.96-1.25) .19 0.99 (0.86-1.14) .88 1.00 (0.86-1.16) .99

Factor 1: Sleep Efficiency (/1 point) 1.24 (0.98-1.56) .07 1.28 (0.99-1.64) .06 1.19 (0.91-1.56) .19 1.18 (0.88-1.57) .27

Factor 2: Sleep Quality (/1 point) 0.88 (0.63-1.22) .45 1.07 (0.74-1.54) .73 0.74 (0.50-1.09) .13 0.83 (0.54-1.28) .41

Factor 3: Daily Disturbance (/1 point) 1.22 (0.75-1.97) .43 1.15 (0.71-1.85) .57 1.02 (0.58-1.77) .96 0.90 (0.52-1.56) .71

Poor sleeper, yes vs no 0.97 (0.64-1.47) .89 1.11 (0.73-1.69) .62 0.79 (0.49-1.27) .33 0.84 (0.52-1.36) .48

Undiagnosed COPD (n ¼ 339)

Global PSQI score (/2 points) 1.14 (1.02-1.27) .02a 1.16 (1.04-1.29) .01a 1.17 (1.03-1.33) .02a 1.18 (1.04-1.35) .01a

Factor 1: Sleep Efficiency (/1 point) 1.14 (0.90-1.44) .29 1.23 (0.97-1.57) .09 1.14 (0.85-1.53) .40 1.21 (0.91-1.63) .19

Factor 2: Sleep Quality (/1 point) 1.30 (0.97-1.75) .08 1.31 (0.97-1.76) .08 1.51 (1.07-2.14) .02a 1.48 (1.04-2.09) .03a

Factor 3: Daily Disturbance (/1 point) 1.77 (1.21-2.59) .003a 1.78 (1.21-2.63) .003a 1.86 (1.17-2.94) .008a 1.87 (1.18-2.99) .008a

Poor sleeper, yes vs no 1.61 (1.10-2.34) .01a 1.73 (1.17-2.55) .006a 1.50 (0.93-2.41) .09 1.63 (1.00-2.65) .050a

Multivariable analyses were adjusted for baseline age, sex, BMI, current smoking, angina, major depression, any inhaled respiratory medications, baseline FEV1 percent predicted, and mMRC. RR ¼ rate ratio. See
Table 1 legend for expansion of other abbreviation.
aStatistically significant at P < .05.

8
5
8

O
riginalR

esearch
[

1
5
6
#
5

C
H
E
S
T

N
O
V
E
M

B
E
R

2
0
1
9
]



All COPD Undiagnosed
COPD

Diagnosed
COPD

0.0

0.2

0.4

E
xa

ce
rb

at
io

n 
R

at
e 

(/
p

at
ie

nt
-y

ea
r)

0.6
0.50

P = .036

0.37

0.66 0.68

0.42

0.26

0.8

1.0

P = .014

Poor sleepers
Good sleepers

Figure 1 – Symptom-based exacerbation rate in poor vs good sleepers.
Poor sleepers were defined as those having a Pittsburgh Sleep Quality
Index score > 5 at baseline.
relation to subjective sleep disturbances, and assessing
previously diagnosed and undiagnosed COPD.
Individuals with at least one exacerbation during the
18-month follow-up period were more likely to have had
a higher baseline global PSQI score and a PSQI score >
5, the threshold defining poor sleep quality. Adjusted
models found a greater risk of exacerbations in those
with higher baseline PSQI scores. Participants with poor
sleep quality had a shorter time to symptom-based
exacerbation. Poor subjective sleep quality therefore
seems to be a marker of future exacerbations.

There are several potential explanations for the
association between poor sleep quality and subsequent
exacerbations. Poor sleep quality can be a marker of
more severe, poorly controlled disease, which would be
associated with increased and more unstable respiratory
symptoms. Poor respiratory function could lead to sleep
disruption due to symptoms, medication use, anxiety, or
other factors. Conversely, poor sleep quality might
trigger changes in COPD control, increasing daytime
symptoms. Sleep disruption may have detrimental
effects on immune function,6 thus increasing
susceptibility to infections. Sleep fragmentation
augments systemic inflammation,18 which might worsen
COPD control and increase exacerbation risk.19,20 In
addition, poor sleep could also lead to impaired memory
and cognition, potentially fostering medication
nonadherence and symptom flare-up, especially in the
older COPD population.21 Poor sleep quality might also
be a manifestation of OSA, which is associated with
increased COPD exacerbations.22 In favor of this
hypothesis is the fact that several symptoms represented
by items in the PSQI (notably Factor 3) are common
chestjournal.org
symptoms of OSA (eg, snoring, waking up in the middle
of the night, lack of enthusiasm, daytime sleepiness).
CPAP use in this cohort likely underestimates OSA
burden in the study cohort because OSA remains
underdiagnosed in the general population. Indeed, there
is increasing interest in the link between OSA and
COPD, as observational studies have found that
treatment of OSA in COPD is associated with lowered
mortality, exacerbations,22 and hospitalizations.23 The
mechanisms whereby OSA could lead to more COPD
exacerbations are currently not well understood, but
exacerbation of systemic and lung inflammation has
been invoked.24

In a secondary analysis of the Azithromycin for
Prevention of Exacerbations of COPD study, a
randomized controlled trial in 1,117 patients with
moderate to severe COPD, good sleep quality (PSQI
score < 5) at baseline was associated with increased time
to exacerbations but not after adjusting for medications
and comorbid conditions related to poor sleep quality.25

This result is in contrast to our findings, in which the
association between exacerbations and PSQI remained
significant following adjustments for potential
confounders (eg, depression). This difference between
studies could be explained by the different study
populations, as these participants had generally milder
COPD, and the associations were seen especially in
those with undiagnosed, milder COPD. Moreover, the
exacerbation rate in the azithromycin trial was
considerably higher than in the current study. Thus,
different mechanisms may prevail in individuals with
very high exacerbation rates compared with those with
lower rates.

In the current study, the association between sleep
quality and exacerbations, after adjusting for potential
confounders, was stronger in the undiagnosed COPD
group, in whom exacerbations were related to a PSQI
score > 5, higher global PSQI score, and Factor 2 and 3
scores. These associations were generally not found in
diagnosed COPD. This difference between diagnosed
and undiagnosed participants may be related to high
prevalence of poor sleep quality and higher exacerbation
rate in the diagnosed group. Sleep quality may affect
exacerbation risk less in this context, as in the
azithromycin trial.25 Moreover, the sample size of the
diagnosed group is smaller, which may affect statistical
power.

Sleep quality in the current study was related to both
symptom- and event-based exacerbations. Sleep quality
859
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TABLE 4 ] Sleep Quality and the Risk of Exacerbation Excluding Individuals With Self-Reported Asthma (Negative Binomial Model)

Baseline Variable

Incidence of Symptom-based Exacerbation Incidence of Event-based Exacerbation

Univariable Multivariable Univariable Multivariable

RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value

Patients with COPD (n ¼ 321)

Global PSQI Score (/2 points) 1.10 (0.97-1.25) .12 1.16 (1.02-1.31) .02a 1.04 (0.88-1.22) .66 1.10 (0.94-1.28) .23

Factor 1: Sleep Efficiency (/1 point) 1.06 (0.81-1.38) .69 1.18 (0.91-1.53) .21 0.92 (0.64-1.32) .65 1.08 (0.78-1.50) .64

Factor 2: Sleep Quality (/1 point) 1.14 (0.82-1.59) .44 1.24 (0.90-1.72) .18 1.03 (0.67-1.59) .90 1.11 (0.74-1.67) .61

Factor 3: Daily Disturbance (/1 point) 2.10 (1.35-3.27) .001a 2.23 (1.46-3.40) < .001a 1.76 (1.01-3.07) .046a 2.03 (1.19-3.46) .01a

Poor sleeper, yes vs no 1.55 (1.03-2.33) .04a 1.67 (1.12-2.48) .01a 1.18 (0.69-2.02) .54 1.33 (0.80-2.20) .27

Physician-diagnosed COPD (n ¼ 72)

Global PSQI Score (/2 points) 0.95 (0.80-1.13) .55 1.24 (0.96-1.60) .10 0.78 (0.62-0.99) .04a 0.87 (0.61-1.25) .46

Factor 1: Sleep Efficiency (/1 point) 0.96 (0.65-1.44) .86 1.42 (0.92-2.18) .11 0.63 (0.35-1.13) .12 1.00 (0.53-1.86) .99

Factor 2: Sleep Quality (/1 point) 0.70 (0.44-1.11) .13 1.24 (0.63-2.44) .53 0.45 (0.25-0.84) .01a 0.58 (0.23-1.50) .26

Factor 3: Daily Disturbance (/1 point) 1.64 (0.85-3.16) .14 1.80 (0.74-4.38) .20 1.14 (0.49-2.67) .76 0.90 (0.30-2.70) .85

Poor sleeper, yes vs no 0.83 (0.46-1.51) .55 1.88 (0.83-4.25) .13 0.46 (0.21-0.98) .04a 0.78 (0.27-2.23) .64

Nonphysician-diagnosed COPD (n ¼ 249)

Global PSQI Score (/2 points) 1.20 (1.02-1.42) .03a 1.24 (0.96-1.60) .10 1.27 (1.02-1.58) .03a 1.27 (1.03-1.57) .03a

Factor 1: Sleep Efficiency (/1 point) 1.12 (0.80-1.58) .50 1.42 (0.92-2.18) .11 1.19 (0.76-1.88) .45 1.19 (0.75-1.89) .46

Factor 2: Sleep Quality (/1 point) 1.46 (0.94-2.29) .10 1.24 (0.63-2.44) .53 1.78 (1.00-3.19) .051 1.66 (0.95-2.91) .08

Factor 3: Daily Disturbance (/1 point) 2.40 (1.37-4.22) .002a 1.80 (0.74-4.38) .20 2.39 (1.18-4.84) .02a 3.08 (1.52-6.22) .002a

Poor sleeper, yes vs no 2.11 (1.25-3.56) .005a 1.88 (0.83-4.25) .13 2.27 (1.12-4.59) .02a 1.98 (0.97-4.02) .06

Multivariable analyses adjusted for baseline age, sex, BMI, current smoking, angina, major depression, any inhaled respiratory medications, baseline FEV1 percent predicted, and mMRC. See Table 1 and 3 legends for
expansion of abbreviations.
aStatistically significant at P < .05.
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Figure 2 – Kaplan-Meier curve for exacerbation-free survival in poor
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then seems to be related to not only propensity for
transient symptom increases but also more severe
exacerbations, leading to use of medication and health-
care resources. This outcome likely carries a significant
social and economic impact with potentially missed
social activities and work and reduced health-related
quality of life, in addition to an increased burden on the
health-care system. The effect of sleep quality on
exacerbations occurred primarily in the undiagnosed
COPD group. Our findings are consistent with data
from Labonté et al,15 who found that individuals with
undiagnosed COPD were less symptomatic and had a
better health-related quality of life than those with
diagnosed COPD but similar utilization of health-care
services despite fewer exacerbations. In being
undiagnosed, this group may be undertreated,
undereducated about their disease, and less able to
recognize and self-manage symptoms. Undiagnosed
COPD accounts for more than two-thirds of the total
CanCOLD COPD cohort, and these individuals thus
contribute greatly to the overall health-care burden of
COPD.

Strengths of our study include use of the CanCOLD
population-based cohort, which includes individuals
with all severities of COPD (mostly GOLD stages I and
II), allowing for a representative distribution of COPD
severity, particularly mild disease, which is the most
common yet typically underrepresented in studies. Also,
a prospective evaluation of exacerbations was conducted
over 18 months of follow-up.
chestjournal.org
There are potential limitations of this study.
Individuals with asthma or other obstructive lung
diseases could not be definitively excluded;
methacholine challenges were not performed.
However, analyses excluding self-reported asthma were
consistent with our main results. Second, because
definitions of COPD exacerbation vary among studies,
comparison may be limited,26,27 but CanCOLD used a
standard definition, as recommended by GOLD.28 Our
assessment of exacerbations was based on participant
recall, which may be subject to recall bias, but
minimized by the relatively frequent telephone
assessments (ie, every 3 months). An objective sleep
assessment such as polysomnography was not
performed. Our results then apply to subjective sleep
quality only, which is pertinent to routine clinical
practice. Also, individuals more prone to exacerbations
may have experienced exacerbations prior to
enrollment, leading to a higher baseline PSQI score.
The relationship between exacerbations and sleep
quality is probably bidirectional. However, the fact
that the Kaplan-Meier curves for exacerbation-free
survival (symptom based) only start to diverge after
the first 1 to 2 months suggests that poor baseline
sleep quality is not connected to an ongoing or
impending exacerbation, although it may reflect more
unstable disease. Finally, the sample size may have
been insufficient to show certain associations,
particularly in subgroup analyses. Despite these
limitations, we believe that our prospective follow-up
findings suggest that poor sleep quality can be a
marker of an exacerbating COPD phenotype. Further
studies using objective sleep recordings are required to
delineate specific sleep disturbances affecting the
COPD disease process.

Conclusions
Poor subjective sleep quality in individuals with COPD
was associated with increased risk of exacerbations
during the 18-month follow-up, particularly in those
with undiagnosed COPD. Further studies are required to
explore the mechanisms of interaction between sleep
disturbances and COPD exacerbations, and to
determine whether interventions to improve sleep
quality can modify COPD-related outcomes. Routine
assessment of sleep quality may be a useful clinical
predictor of exacerbation risk and a tool to identify those
who might benefit from closer follow-up and
intervention.
861
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