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ABSTRACT  The information on night-time symptoms in chronic obstructive pulmonary disease (COPD)
is sparse.

We investigated the prevalence of night-time dyspnoea in 6616 individuals with COPD recruited from
the general population in the Copenhagen area, Denmark, and described characteristics and prognosis of
subjects with this symptom.

The prevalence of night-time dyspnoea was 4.3%: 2.1% in Global Initiative for Chronic Obstructive Lung
Disease (GOLD) group A, 12.9% in GOLD B, 2.6% in GOLD C and 16.3% in GOLD D. Compared with
individuals without night-time dyspnoea, those with night time dyspnoea had lower forced expiratory
volume in Is, higher daytime dyspnoea scores (modified Medical Research Council scale) and more
wheezing, more often had chronic mucus hypersecretion, ischaemic heart disease and atrial fibrillation, and
more often reported stress, nervousness and tiredness. After adjustment for age and sex, the presence of
night-time dyspnoea was associated with future COPD exacerbations (hazard ratio (HR) 2.3, 95% CI
1.7-3.0), hospital admissions due to COPD (HR 3.2, 95% CI 2.3-4.4) and mortality (HR 1.7, 95% CI 1.2-2.3).

Prevalence of night-time dyspnoea in COPD increases with disease severity according to both spirometric
and clinical GOLD classification, and is associated with presence of daytime respiratory symptoms and
cardiac comorbidities. Night-time dyspnoea is a significant predictor of poor prognosis in individuals with
COPD.
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Introduction

Until recently, there has not been much focus on night-time symptoms in chronic obstructive pulmonary
disease (COPD). This is in contrast to asthma, where night-time respiratory symptoms have been
recognised for many years and are included in the clinical assessment of disease control [1]. Yet, in
connection with the development of the COPD assessment test (CAT), sleep disturbance has emerged as an
important factor related to quality of life in COPD [2]. As the inclusion of the questions in CAT was mainly
a patient-driven process, unlike earlier expert-composed COPD questionnaires, it is possible that the
prevalence of night-time symptoms has been underreported in the past due to a lack of focus on these
symptoms from doctors treating COPD patients. In addition, an expert panel recently concluded that the
prevalence of night-time symptoms in COPD seems to be high and that there is a need for more research on
this topic [3]. By reviewing the relatively meagre literature on night-time symptoms in COPD, the expert
panel concluded that these symptoms may be caused by a number of factors including COPD severity,
obesity and comorbidity including sleep disorders. In addition, the consequences of night-time disturbances
for the COPD patient, in addition to a reduced quality of life, could be a worse prognosis including frequent
exacerbations and poorer survival [3].

The present study was undertaken to investigate the prevalence of night-time dyspnoea among individuals
with COPD recruited from the general population. In addition to investigating the predictors of presence of
night-time dyspnoea, we also aimed to investigate the association between this symptom and clinical
prognosis including future exacerbations, hospital admissions due to COPD and mortality.

Material and methods

Study subjects

We pooled data from two similar but independent studies: the fourth examination of the Copenhagen City
Heart Study (CCHS) in 2001-2003 and the examination of the Copenhagen General Population Study
(CGPS) in 2003-2008. These studies were approved by institutional review boards and Danish ethics
committees (KF100.2039/91 and H-KF01-144/01), and were conducted according to the Declaration of
Helsinki. Written informed consent was obtained from all participants.

Copenhagen City Heart Study

The CCHS is a prospective epidemiological study initiated in 1976-1978. A sample of 19 698 subjects aged
20-100 years was selected at random from the national Danish Civil Registration System, after age
stratification in 5-year age groups, from residents of central Copenhagen, Denmark, and 14 223 subjects
participated in the initial survey at Copenhagen University Hospital [4]. They were all re-invited to
participate in later surveys along with additional subjects in the youngest age groups. A total of 6237
attended the fourth survey in 2001-2003 (response rate 50%), which is the survey we used as the baseline in
the present analyses [5].

Copenhagen General Population Study

The CGPS is a prospective epidemiological study that aims to recruit >100 000 subjects representative of
the general population of the suburbs of Copenhagen, and collect genotypic and phenotypic data of
relevance to a wide range of health-related problems. It is designed almost identically to the CCHS.
Recruitment began in 2003 and is still ongoing (response rate 45%) [6].

Study parameters

In both studies, participants filled in an extensive questionnaire concerning lifestyle and health topics,
including medication use at home. A physical examination was performed, where basic variables such as
weight and height were measured. Body mass index (BMI) was calculated as weight divided by height
squared. Physical activity, respiratory symptoms (chronic mucus hypersecretion and wheezing),
comorbidities (heart disease and diabetes) and general symptoms (feeling of stress, tiredness and
nervousness) were reported in the questionnaire.

A Vitalograph spirometer (Maids Moreton, UK) was used in the CCHS and in the first 14 624 participants
in the CGPS. An EasyOne Diagnostic Spirometer (ndd Medizintechnik, Zurich, Switzerland) was used in
the remaining participants in the CGPS. Spirometry was performed in the standing position without the use
of a nose clip. Three sets of forced expiratory volume in 1s (FEV1) and forced vital capacity (FVC) values
were obtained. As a criterion for correct performance of the procedure, at least two measurements differing
by <5% had to be produced together with the correct visual appearance of the volume—time tracings with
the Vitalograph and flow—volume tracings with the EasyOne spirometer. We used the highest obtained
values for every single participant of both FEV1 and of FVC. Only pre-bronchodilatory measurements
were available.
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Study design

Individuals with COPD were identified according to international COPD guidelines, based on FEV1/FVC
<0.7. In accordance with the Global Initiative for Chronic Obstructive Lung Disease (GOLD) document,
we excluded individuals with self-reported asthma [7].

In the present analyses, we only included individuals >40years of age. Among 5919 participants of the
CCHS and 55731 participants of the CGPS, we identified 6616 individuals fulfilling the aforementioned
COPD criteria who also had information on night-time symptoms. We also performed sensitivity analyses
where we only included 4855 individuals who, in addition to FEV1/FVC <0.7, also had FEV1/FVC below
the lower limit of normal (LLN) according to recently published reference values for the CCHS and CGPS
(n=4855) [8].

In all analyses, the presence of night-time dyspnoea was defined in the participants who answered positively
to the question: do you sometimes wake up in the night because of breathlessness/difficulties with
breathing? We have no information on other symptoms like coughing, wheezing or mucus hypersecretion
during the night.

In the analyses, we included various demographic and clinical variables describing the participants with
COPD on the basis of the information obtained in the questionnaire at the time of the examination. We
used both the GOLD 2007 14 classification based on FEV1 as a percentage of the predicted value and the
GOLD 2011 classification with groups A-D according to a combination of FEV, % pred, self-reported
severity of dyspnoea (modified Medical Research Council (mMRC) scale) and frequency of COPD
exacerbations in the year prior to the baseline examination [7]. To define exacerbations both in the year
before the baseline examination (in order to classify participants into GOLD groups A-D) and during the
follow-up (in order to register end-points for the analyses), we used information regarding hospital
admissions due to COPD and the use of oral corticosteroids and antibiotics used to treat the exacerbations.
The methodology for obtaining these data has previously been described in detail [9, 10].

Clinical outcomes

After the examination date, the participants were followed by means of the nationwide registries for up to
8.9 years with an average of 4.3 years. The following clinical outcomes were defined: COPD exacerbation
(defined based on the medication used), admission to hospital due to COPD and all-cause mortality. This
was done using the unique personal civil registration number assigned to all Danish inhabitants by linking
our surveys to three national registries: the Danish Registry of Medicinal Product Statistics, which contains
information on all prescriptions dispensed in all Danish pharmacies [11]; the Danish National Patient
Registry covering all hospital contacts in Denmark; and the Danish Central Person Register, which contains
information on all deaths in Denmark. We identified the relevant medications using the Anatomic
Therapeutic Chemical) code. From the Danish National Patient Registry, we identified hospital admissions
with a discharge diagnosis of COPD (International Classification of Diseases, 10th edn: J41-J44). An
exacerbation of COPD was defined as a short course of treatment with prednisolone alone or in
combination with an antibiotic, or an acute admission to hospital because of COPD.

Statistical analysis
All analyses were performed with R version 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria)
[12]. For demographics, ANOVA was used for continuous variables and Fisher’s exact tests were used for
categorical variables.

Multivariate logistic regression analysis was applied to investigate which participants’ characteristics were
cross-sectionally associated with self-reported night-time dyspnoea at the baseline examination. In addition
to age and sex, considered as basic variables, we included variables that differed significantly between the
individuals with and without night-time dyspnoea as covariates. These included GOLD A-D grouping,
BMI, physical activity, respiratory symptoms (chronic mucus hypersecretion and wheezing), comorbidities
(heart disease and diabetes) and general symptoms (feeling of stress, tiredness and nervousness). As the
frequency of exacerbations, daytime breathlessness and FEV1 % pred are included in the GOLD A-D
classification, these variables were not included in the model as separate covariates. p-values <0.05 were
considered significant.

In the longitudinal analyses, the log-rank test was used to compare the difference in exacerbations, hospital
admissions with COPD, and all-cause mortality between individuals with and without night-time dyspnoea.
To estimate the relative risk of the clinical events for these two subgroups, we used a Cox regression model
with age as the underlying time scale. In so-called univariate models, only sex was included in addition to
the presence of night-time dyspnoea, which was the variable of main interest. In the two multivariable
models, we also included the spirometry-based GOLD 1—4 and the clinical GOLD A-D groups as covariates.
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TABLE 1 Prevalence of night time dyspnoea according to different characteristics describing

individuals with chronic obstructive pulmonary disease
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Prevalence of night-time dyspnoea p-value
Wheezing
No 2.1 (98/4691) <0.001
Yes 9.8 (180/1835)
Chronic mucus hypersecretion
No 2.7 (145/5288) <0.001
Yes 10.5 (135/1288)
Peripheral oxygen saturation
>92% 4.1 (265/6438) 0.002
<92% 10.0 (14/140)
mMRC score
<2 2.1 (115/5392) <0.001
>2% 13.7 (168/1224)
Troubled by breathlessness
Not often 2.3 (139/5977) <0.001
Often 23.7 (142/600)
Exacerbations in previous year
0 4.0 (257/6373) <0.001
1 7.0 (8/114)
>2 14.0 (18/129)
Treated with any inhaled medication
No 3.6 (212/5956) <0.001
Yes 10.8 (71/660)
GOLD
Grade'
1 3.0 (99/3301) <0.001
2 4.9 (139/2845)
3 8.9 (38/425)
4 15.6 (7/45)
Group®
A 2.1 (108/5121) <0.001
B 12.9 (120/930)
C 2.6 (7/271)
D 16.3 (48/294)

Data are presented as % (number of individuals with night-time dyspnoea/number of individuals with the
characteristic of interest), unless otherwise stated. mMRC: modified Medical Research Council; GOLD: Global
Initiative from Chronic Obstructive Lung Disease. #: participant walks more slowly than people of the same age
on the level due to breathlessness; *: spirometric classification according to forced expiratory volume in 1s
(FEV1) as a percentage of the predicted value; *: clinical classification according to FEV1 % pred, symptom
burden and frequency of exacerbations.

Results

From among 61650 individuals participating in the two studies, a total of 6616 individuals fulfilled our
COPD inclusion criteria based on age, FEV1/FVC <0.7 and absence of asthma, and had the necessary
information on night-time dyspnoea.

The overall prevalence of night-time dyspnoea in the COPD study population was 4.3%. The prevalence was
the same in males and females, and smokers and nonsmokers, and did not differ in the individuals below
and above 60years of age. We observed a U-shaped distribution with regard to BMI, with the most
undernourished (BMI <18.5 kg:m™) and most overweight subjects (BMI >30 kg-m™) reporting highest
prevalence of night-time dyspnoea of 6.9% and 6.2%, respectively, whereas the prevalence in individuals
with BMI between 18.5 and 25 kg:m™ was 3.3% (p<<0.001).

Night-time dyspnoea was significantly more prevalent in individuals, who also reported daytime respiratory
symptoms and had day time peripheral oxygen saturation <92% (table 1). This was most pronounced in
individuals who reported being often troubled by breathlessness and those with an mMRC score >2.
Individuals with frequent exacerbations and those treated with inhaled medications reported more night-
time dyspnoea (table 1). The prevalence of night-time dyspnoea according to the spirometry-based GOLD
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1-4 stratification and the multidimensional clinical GOLD A-D grouping is also shown in table 1. As
expected, the highest prevalences were observed in the most severe groups, GOLD 4 and D, where they were
15.6% and 16.3%, respectively. The number of participants diagnosed with sleep apnoea was small: 22 in
GOLD A, six in GOLD B, two in GOLD C and none in GOLD D.

Individuals with night-time dyspnoea had, on average, a lower FEV1 % pred, were more often troubled by
breathlessness and a significantly higher percentage of them had an mMRC score >2 (table 2). They also
had a significantly higher prevalence of wheezing, chronic mucus hypersecretion, and a higher frequency of
exacerbations and episodes of acute bronchitis in the past. The frequency of current smoking did not differ
significantly between the two groups, but those with night-time dyspnoea had more often been exposed to
dust and fumes at work. They had also a higher frequency of comorbidities and were likely to feel nervous
or tired (table 2).

The results of the multiple logistic regression analysis describing the odds ratio of having night-time
dyspnoea compared with no night-time dyspnoea are shown in table 3. Table 3 also shows the same analysis
in individuals with FEV1/FVC both <0.7 and <LLN. It is important to notice that the GOLD A-D
classification includes a dimension describing daytime dyspnoea and that, in contrast to GOLD groups A
and C, individuals in groups B and D have a mMRC score >2, indicating breathlessness while walking on
the level with people of the same age. The model shows that the latter groups also have a higher risk of
experiencing dyspnoea during the night (table 3). In addition, daytime pulmonary symptoms like wheezing
and chronic mucus hypersecretion, and presence of ischaemic heart disease, atrial fibrillation, stress/
nervousness and tiredness were significantly associated with night-time dyspnoea, whereas the association
with diabetes mellitus was not significant. The analysis of the participants with FEV1/FVC both <0.7 and
<LLN gave similar results (table 3).

During follow-up, 687 individuals experienced COPD exacerbations, 359 were admitted to hospital due to
COPD and 591 died. Figure 1 shows the Kaplan—Meier curves of individuals with and without night-time
dyspnoea for these three outcomes. According to the log-rank test, individuals with night-time dyspnoea
had a significantly poorer prognosis (fig. 1).

Table 4 shows the results of the analyses describing night-time dyspnoea as a predictor of subsequent
exacerbations, admissions because of COPD and all-cause mortality. In the Cox model with adjustment for

TABLE 2 Characteristics of individuals with chronic obstructive pulmonary disease without and with night-time dyspnoea

No night-time dyspnoea Night-time dyspnoea p-value
Age years 66.5+11.5 66.2+11.9 0.760
Males 47.3 50.2 0.362
FEV1 % pred 79.7+19.3 71.4+20.7 <0.001
BMI kg-m™2 25.5+4.2 26.4+4.5 <0.001
mMRC score >2% 16.7 59.4 <0.001
Often troubled by breathlessness 7.3 50.5 <0.001
Peripheral oxygen saturation <92% 2.0 5.0 0.002
Wheezing 26.5 64.7 <0.001
Chronic mucus hypersecretion 18.3 48.2 <0.001
>5 episodes of acute bronchitis in previous 10years 3.2 18.7 <0.001
>2 exacerbations in previous year 1.8 6.4 <0.001
Current smokers 40.2 43.6 0.284
Sedentary 9.4 14.9 0.004
Exposed to dust/fumes at work 15.2 24.5 <0.001
Treated with any inhaled medication 9.3 25.1 <0.001
On cardiac medication 9.6 22.8 <0.001
Previous admission for IHD 9.0 22.6 <0.001
Diabetes 4.4 8.5 0.003
Atrial fibrillation 4.5 9.9 <0.001
Feeling nervous/stressed 21.4 43.7 <0.001
Feeling tired 41.7 76.6 <0.001

Data are presented as mean+sD or %, unless otherwise stated. FEV1: forced expiratory volume in 1s; BMI: body mass index; mMRC: modified

Medical Research Council; IHD: ischaemic heart disease. *

breathlessness.

: participant walks more slowly than people of the same age on the level due to
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TABLE 3 Multiple logistic regression model predicting night time dyspnoea with sex, age, body mass index (BMI), physical
activity, Global Initiative for Chronic Obstructive Lung Disease (GOLD] groups A-D, chronic mucus hypersecretion, wheezing,
ischemic heart disease, atrial fibrillation and diabetes mellitus as predictors

Variable Individuals with FEV1/FVC <0.7 Individuals with FEV,/FVC <0.7 and <LLN
Subjects n 6616 4855
Sex, males versus females 1.15 (0.87-1.50) 1.32 (0.97-1.80)
Age years
<60 1 (ref.) 1 (ref.)
60-70 0.81 (0.56-1.16) 0.89 (0.60-1.30)
>70 0.71 (0.51-1.01) 0.75 (0.50-1.10)
BMI
Underweight 1.29 (0.56-2.66) 1.24 (0.51-2.70)
Normal weight 1 (ref.) 1 (ref.)
Overweight 1.15 (0.85-1.56) 1.08 (0.77-1.51)
Obese 1.14 (0.77-1.66) 1.16 (0.75-1.77)
Physical activity
Active 1 (ref.) 1 (ref.)
Sedentary 0.72 (0.49-1.06) 0.85 (0.56-1.27)
GOLD group®
A 1 (ref.) 1 (ref.)
B 3.45 (2.50-4.77) 3.59 (2.48-5.19)
C 1.00 (0.41-2.06) 0.91 (0.34-1.99)
D 3.89 (2.49-6.00) 3.38 (2.06-5.44)

Chronic phlegm, yes versus no
Wheezing, yes versus no

Ischaemic heart disease, yes versus no
Atrial fibrillation, yes versus no
Diabetes mellitus, yes versus no
Feeling nervous/stressed

Feeling tired

2.06 (1.55-2.73)
2.44 (1.82-3.27)
1.83 (1.29-2.58)
1.65 (1.01-2.63)
1.42 (0.86-2.27)
1.73 (1.30-2.30)
2.02 (1.47-2.80)

2.30 (1.67-3.17)
2.35 (1.68-3.30)
1.46 (0.94-2.20)
1.89 (1.03-3.31)
0.98 (0.50-1.76)
1.87 (1.35-2.58)
2.00 (1.39-2.90)

Data are presented as odds ratio (95% confidence intervall, unless otherwise stated. The odds ratio is considered statistically significant if the
confidence interval does not include 1 (bold). FEV1: forced expiratory volume in 1s; FVC: forced vital capacity; LLN: lower limit of normal. #: clinical
classification according to FEV1 as a percentage of the predicted value, symptom burden and frequency of exacerbations.

sex and age (the latter as underlying time scale), night-time dyspnoea was significantly associated with
higher risk for all the investigated end-points: the presence of night-time dyspnoea was associated with
future COPD exacerbations. After additional inclusion of the spirometric GOLD 1-4 staging, night-time
dyspnoea was significantly related to COPD exacerbations and COPD admissions only, whereas the
relationship between night-time dyspnoea and mortality was of borderline significance (p=0.07). When we
included clinical GOLD A-D staging in the Cox model, night-time dyspnoea was significantly related to
COPD exacerbations only with a hazard ratio of 1.4, but not to admissions and mortality (table 4). In our
supplementary analyses comprising individuals with FEV1/FVC both <0.7 and <LLN, night-time dyspnoea
was even more strongly related to the investigated end-points. In the multivariable model with age, sex and
GOLD 1-4 as covariates, the hazard ratio was 2.15 (95% CI 1.60-2.88) for exacerbations, 2.13 (95% CI
1.51-3.00) for COPD admissions and 1.65 (95% CI 1.15-2.36) for total mortality.

Discussion

The present study shows that night-time dyspnoea in COPD is strongly related to disease severity, and is
associated with lower FEV,, higher day time dyspnoea score (mMRC), higher prevalence of bronchitis and
wheezing, and more previous episodes of acute bronchitis and exacerbations. In addition, the presence of
ischaemic heart disease, atrial fibrillation, diabetes, stress, nervousness and tiredness, and either very low or
very high BMI were associated with night-time dyspnoea. Our findings agree with the few previous reports
available, where similar patient characteristics were found to be associated with prevalence of night-time
disturbances in COPD. In the study by OMACHI et al. [13], sleep disturbance was investigated in 98 COPD
patients with a mean FEV1 of ~50% pred. Sleep disturbance was significantly related to cough and daytime
dyspnoea, but surprisingly, not to FEV1 [13]. In the study by PRICE et al. [14], primary care physicians and
respiratory specialists in five European countries recruited consecutive patients with COPD and asked
questions on both day- and night-time symptoms. A surprisingly high prevalence of night-time symptoms
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FIGURE 1 a) Exacerbations (p<<0.001), b) hospital admissions due to chronic obstructive pulmonary disease (COPD) (p<<0.001) and c) survival (p=0.004)
shown as Kaplan—Meier curves according to absence or presence of night-time dyspnoea. Significance values are based on the log-rank test.

of 67% was recorded. Patients with night-time symptoms were more likely to have more severe daytime
breathlessness, more exacerbations and receive more inhaled medications for their COPD [14]. As in our
study, there was no clear association between sex and smoking status and night-time symptoms, but
individuals reporting night-time symptoms were older than those with daytime symptoms only [14].

The overall prevalence of night-time dyspnoea in our sample was relatively low (4.3%). This low prevalence
is most likely related to our recruitment method, using a general population approach and resulting in 77%
of the individuals with COPD belonging to the mild GOLD A category. In the more symptomatic
categories, GOLD B and GOLD D, the prevalence of awakening due to night time dyspnoea was 12.9% and
16.3%, respectively.

It is noteworthy that night-time dyspnoea was more prevalent in GOLD B than in GOLD C even though
FEV1 is lower in the latter group. This reflects a connection between day- and night-time symptoms,
although we cannot be certain that these symptoms are actually caused by COPD. Since neither the CCHS
nor the CGPS were specifically designed to investigate night-time symptoms in COPD, sleep monitoring
was not conducted and, thus, we can only speculate on possible mechanisms behind the self-reported night-
time breathlessness and trouble with breathing in our COPD subjects. It is actually possible that these
awakenings were caused by respiratory symptoms other than dyspnoea, but the patients perceived them as
problems with breathing.

Although the few clinical studies available report up to 50% prevalence of sleep disturbance in individuals
with COPD, the number of studies focusing on whether dyspnoea or other COPD symptoms is the cause of
these disturbances is very small [15, 16]. In a randomised controlled trial of fluticasone propionate/
salmeterol in patients with severe COPD, ~35% reported night-time awakenings due to COPD [16]. This is
higher than in the most severe category in our population and is most probably related to the fact that the
patients were recruited into the trial because they were symptomatic, whereas subjects included in our
analyses were attending a general health examination.

The individuals with night-time dyspnoea more often reported feelings of stress and tiredness. In a study
like ours, it is not possible to conclude whether anxiety and tiredness was a cause or a consequence of night-
time awakening due to dyspnoea, but both explanations are plausible. Sleep disturbances can affect health-
related quality of life, and stress and anxiety can also result in night time awakenings [17]. Prospective
studies have related poor sleep quality and sleep disturbance in COPD to increased subsequent morbidity
and mortality [3, 13]. In keeping with these findings, our study also shows that waking up at night due to
dyspnoea is a marker of poor prognosis in COPD. In individuals with this symptom, both exacerbations
and COPD admissions were more common during follow-up, and survival was poorer. Even after statistical
adjustment for the spirometry-based GOLD 1-4 staging, the excess risk of experiencing an exacerbation or
acute admission due to COPD was significantly elevated, whereas after an adjustment for the clinical GOLD
A-D stage (which includes daytime dyspnoea as one of the parameters), only the risk of exacerbations was
significantly elevated, with a hazard ratio of 1.4.

The present study has both strengths and weaknesses. The strengths include the prospective design,
comprehensive registration of respiratory risk factors and complete follow-up. With regard to diagnosis of
COPD admissions based on hospital records, a previous study has identified a high specificity and an
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TABLE 4 The risk of exacerbations, hospital admissions and death among participants with chronic obstructive pulmonary
disease according to night-time dyspnoea, derived from a Cox regression model with age as the underlying time scale

Univariate model adjusted for
age and sex

Multivariate model adjusted for
age, sex and GOLD 1-4*

Multivariate model adjusted for
age, sex and GOLD A-DT

Exacerbations®*
No night-time dyspnoea
Night-time dyspnoea
Admissions®
No night-time dyspnoea
Night-time dyspnoea
All-cause mortality/
No night-time dyspnoea
Night-time dyspnoea

1 (ref.)
2.28 (1.74-3.00)

1 (ref.)
1.79 (1.36-2.36)

1 (ref.)
1.39 (1.05-1.84)

1 (ref.) 1 (ref.) 1 (ref.)
3.18 (2.30-4.39) 2.07 (1.49-2.87) 1.30 (0.93-1.81)
1 (ref.) 1 (ref.) 1 (ref.)
1.65 (1.19-2.27) 1.37 (0.99-1.89) 1.03 (0.74-1.44)

Data are presented as hazard ratio (95% confidence interval). The hazard ratio is considered statistically significant if the confidence interval does
not include 1 (bold). GOLD: Global Initiative for Chronic Obstructive Lung Disease. *: spirometry-based classification of COPD based on forced
expiratory volume in 1s (FEV1) as a percentage of the predicted value; ¥: clinical classification according to FEV1 % pred, symptom burden and
frequency of exacerbations; *: n=687; %. n=359; f: n=591.

DOI: 10.1183/09031936.00196713

adequate completeness of COPD diagnosis in Danish Hospitals [18]. Weaknesses of our study include the
fact that the number of individuals with severe COPD was relatively small, as most of the participants in the
Copenhagen studies have mild COPD. The fact that we only had pre-bronchodilatory spirometry is also a
drawback, but when we performed our analyses on a subgroup with FEV1/FVC <LLN, we found even
stronger associations between night-time dyspnoea and prognosis. Thus, we do not think that selection of
the individuals on the basis of pre-bronchodilatory spirometric values influences the observed association
between night-time dyspnoea and COPD. Finally, the lack of information on night-time respiratory
symptoms other than dyspnoea is also a drawback and, therefore, additional studies with a more precise
characterisation of night-time disturbances in COPD are needed.

In conclusion, our study of a large sample of individuals with COPD selected from the general population
shows that the prevalence of night-time dyspnoea increases with disease severity, and is associated with
presence of daytime respiratory symptoms and cardiac comorbidities. Night-time dyspnoea is a marker of
poor prognosis with regard to exacerbations, hospital admissions and survival.
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