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REVIEW

Night-time symptoms: a forgotten
dimension of COPD

A. Agusti*#, J. Hedner', J.M. Marin®, F. Barbé®’, M. Cazzola** and S. Rennard*#

ABSTRACT: Sleep quality is often poor in patients with chronic obstructive pulmonary disease
(COPD), but these night-time symptoms are frequently unnoticed by physicians and/or not
reported by patients themselves. Therefore, the prevalence and clinical impact of sleep
disturbances and night-time symptoms in COPD is not well understood and has not been a
clinical focus to date. To address this gap, an expert panel meeting was convened in Barcelona,
Spain, in March 2011 to discuss the aetiology, evolution, burden, long-term clinical consequences
and optimal management of night-time symptoms in COPD. The term “night-time symptoms” in
COPD has not been distinctly defined in an objective sense but epidemiological data suggests
that the prevalence of nocturnal symptoms and symptomatic sleep disturbance may exceed 75%
in patients with COPD. The panel concluded that night-time symptoms in COPD are prevalent and
bothersome; that their cause(s) are multiple and include demographic factors, such as age and
obesity, pharmacotherapy, disease-specific symptoms and the presence of comorbid sleep
disorders, and other medical conditions; and that potential long-term consequences can include
lung function changes, increased exacerbation frequency, emergence or worsening of
cardiovascular disease, cognitive effects, depression, impaired quality of life and increased
mortality. To date, few interventional studies have investigated them, but emerging data suggest
that bronchodilator therapy can improve them if deployed appropriately. In summary, night-time

symptoms in COPD warrant further clinical investigation with validated tools.
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hronic obstructive pulmonary disease
‘ (COPD) is a complex heterogeneous dis-

ease with numerous pulmonary and
extra-pulmonary manifestations [1]. Even though
patients with COPD often report poor sleep
quality [2, 3], night-time symptoms and sleep
disturbances in COPD are generally not consid-
ered in their clinical management. For instance,
the most recent Global Initiative for Chronic
Obstructive Lung Disease guidelines [4] do not
mention sleep disturbance or night-time symp-
toms as targets for therapeutic intervention, and
no or very limited specific guidance is offered on
appropriate management strategies or pharma-
cological interventions for patients with COPD
who report disrupted sleep. Paradoxically, the
presence of sleep disorders is acknowledged as
a potential comorbidity in COPD patients, and
guidelines recommend asking patients about
sleep disruption due to breathlessness or other
symptoms during follow-up visits [4]. In fact, the
nature and aetiology of disturbed sleep in COPD
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has been poorly characterised so far, and the
long-term clinical consequences of sleep distur-
bance in COPD have yet to be explored.

To address these issues, an expert panel meeting
was convened on March 28, 2011 in Barcelona,
Spain with the goal of discussing the aetiology,
evolution, burden and management of night-time
symptoms in COPD, as well as to explore current
knowledge on how they impact long-term out-
comes in these patients. Although nocturnal
respiratory symptoms, as well as symptomatic
sleep disturbance, appear to be common in
patients with COPD the term “‘night-time symp-
toms” has not been distinctly defined in an
objective sense. Therefore, the panel also con-
sidered lessons from other disease areas, includ-
ing asthma and sleep apnoea, and considered
how research and understanding of night-time
symptoms in these other diseases might impact
our understanding and management of night-
time symptoms in COPD. This paper summarises
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the main issues identified and discussed in the meeting
moving from well-established evidence to knowledge gaps
that require further research in a dimension of COPD that has
been, so far, little pursued.

SLEEP AND CIRCADIAN RHYTHMS IN HUMAN BIOLOGY
Relevance of sleep quantity/quality for human health

Sleep is essential in humans to maintain cognitive performance
and work productivity, as well as physical, psychological and
emotional wellbeing [5, 6]. The acute effects of sleep depriva-
tion include impaired cognitive, psychomotor and executive
functioning. Longer term sleep deprivation appears to have
additional detrimental impacts on metabolism and may
contribute to the development of obesity [7]. Sleep deprivation
has also been associated with the emergence of cardiovascular
disease and increased all-cause mortality [5, 6, 8-10]. Sleep
quality is also relevant in terms of long-term health con-
sequences [5].

Normal human sleep follows a distinct sequence (sleep
architecture) of increasingly deep sleep interrupted by periods
of relative brain activity (rapid eye movement or REM sleep).
Disruptions of this normal sequence of events are known as
“sleep fragmentation”. Restricted sleep duration and sleep
fragmentation can occur due to a variety of factors, including
shift work, emotional stress, sleep disorders and acute and
chronic medical conditions [11-13].

The impact of sleep deprivation is well demonstrated in shift
workers and in sleep restriction studies. For instance, a recent
prospective 6-yr follow-up study in the Canadian province of
Quebec found that adults who reported sleeping 5-6 h per
night were 35% more likely to experience significant weight
gain (>5 kg) during the 6-yr follow-up period than were those
who reported sleeping for 7-8 h per night (considered a
normal sleep duration for a healthy adult) [9]. In the large
Nurses Health Study there was an increased risk for develop-
ing diabetes, with all the attendant health risks, and experien-
cing adverse coronary events in females if they reported
sleeping for <7 h per night compared with those achieving an
average of 8 h per night [10].

Circadian variation of lung function in healthy subjects
Lung function displays clear circadian variation in healthy
individuals. Ventilation changes with sleep onset and with
sleep stage [14-16], with a considerable reduction as indivi-
duals move from light to deep sleep [17]. These ventilatory
changes result in a loss of air in the dependent (dorsal) region
of the lung and are likely due to reduced respiratory muscle
tone and consequent airway closure [17].

SPENGLER and SHEA [18] examined pulmonary function over
41 h in 10 healthy adults who remained in a state of relaxed
wakefulness. They identified a diurnal rhythm in lung function
with significant circadian variations in forced expiratory
volume in 1 s (FEV1), FEV1/forced vital capacity, cortisol and
core body temperature. Cholinergic tone also has a normal
circadian rhythm with higher levels during the sleeping hours,
and this can lead to airflow limitation in patients with COPD
[19]. Conversely, changes in pulmonary function at night may
also reflect changes in both cortisol levels and body tempera-
ture [18]. MoRrRTOLA [15] found that the ventilatory response to
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carbon dioxide falls during sleep. This may have a significant
influence on the ventilatory response during sleep [20, 21]. All
in all, these changes mean that the respiratory system is less
capable of responding to challenges during the night.

SLEEP DISTURBANCE IN COPD

Prevalence

Epidemiological reporting of sleep disturbance and night-time
symptoms in COPD is limited. However, data from a small
number of studies in patients with COPD over the past 30 yrs
does indicate that these patients experience a range of sleep
disturbances. In a recent study, 76% of patients reported
frequent nocturnal awakening (table 1) [22-27]. Additional
information from baseline evaluations of patients with COPD
recruited from randomised controlled trials of respiratory
drugs also highlight the prevalence of nocturnal symptoms
and sleep disturbance in COPD. For example, ANZUETO et al.
[30] found that, among 797 patients with COPD, 34% reported
night-time wakening due to COPD in the 7 days prior to
randomisation. TASHKIN et al. [31] evaluated the efficacy of
budesonide/formoterol in patients with COPD, and reported
that >50% of the 1,704 patients recruited into the study
reported some degree of sleep disturbance at baseline. More
recently, a pan-European survey was undertaken to speci-
fically explore the prevalence and impact of night-time
symptoms in COPD patients [32]. Night-time symptoms were
assessed using the Jenkins Sleep Scale, which asks how often
the patient experiences trouble falling asleep, trouble staying
asleep, waking up several times in the night or waking up
feeling tired and worn out after usual amount of sleep. The
recall period was the previous month and patients were scored
according to the number of days with sleep disturbances
reported in that period. The authors found that 78.1% of
patients reported some degree of night-time symptoms in
relation to COPD, a much higher incidence than previous
estimates of around 50% [31]. They also reported that, as the
severity of airflow limitation increased, so did the prevalence
of night-time symptoms (fig. 1). Interestingly, patients report-
ing bothersome symptoms at night experienced more daytime
breathlessness (Medical Research Council (MRC) dyspnoea
scale), had more exacerbations within the previous 12 months
and were receiving more maintenance medications than those
who did not report bothersome night-time symptoms. The
study was not designed to establish a causal relationship
between these observations but it is interesting to speculate
that night-time symptoms, either respiratory or sleep related,
may be a marker for the emergence of uncontrolled disease,
with such patients being at greater risk for an exacerbation.
Further studies are needed to investigate this hypothesis
prospectively. Finally, this survey showed that clinicians
underestimate the prevalence of night-time symptoms related
to COPD because, while 78.1% of patients reported some
degree of bothersome night-time symptoms, only 67% of
clinicians reported that their patients were bothered at night by
their COPD [32].

Pathogenesis

Patients with COPD and night-time symptoms experience a
range of changes in sleep architecture including poor sleep
efficiency, increased sleep latency, decreased total sleep time,
increased waking after sleep onset and decreased stage N3 and
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TABLE 1

Citation

Population/method

REVIEW: NIGHT-TIME SYMPTOMS IN COPD

Epidemiological studies of sleep disturbance and night-time symptoms in chronic obstructive pulmonary disease
(COPD)

Relevant results

KLINK and Quan [22]
(1987)

KLINK et al. [23]
(1994)

Lewis et al. [24]
(2009)

Corwmick et al. [25]
(1986)

VALIPOUR et al. [26]
(2011)

KinsmaN et al. [27]
(1983)

KARAcHALIOU et al. [28]
(2007)

Tsai et al. [29]
(2007)

Prospective epidemiological study of 2187 adults
A diagnosis of “obstructive airways disease” identified by
questionnaire in 301 individuals

Sleep questionnaire (six items) used to evaluate sleep problems

As for KLnk and Quan [22], 1987

Questionnaire and spirometry used to identify patients with
respiratory symptoms
443 individuals had one respiratory symptom
299 individuals had two respiratory symptoms

Oximetry in 803 subjects from an outpatient COPD service;
overnight oximetry in 59 patients who had resting
oxygen saturation <95%

Questionnaires: CRQ, SF-36, PSQI, ESS and FOSQ

Case—control study among 50 COPD patients and 40 age-
matched controls
Sleep study in a subset of 16 patients with COPD

Case-control study among 52 patients with mild-moderate
COPD and 52 matched controls
Sleep disorders questionnaire and polysomnography

146 patients with chronic bronchitis and emphysema were
asked to rate the frequency with which 89 symptoms and
experiences occurred during their breathing difficulties

Multicentre questionnaire and spirometry study including
physician-diagnosed asthma and COPD in 10 primary
care centres n=1501, aged 19-90 yrs

Multicentre cohort study examining treatment and outcome
in 582 patients presenting with COPD exacerbation to the
emergency room during the night or during the day

Age-dependent effects on DIMS, EDS and nightmares

DIMS prevalence ranged from 29-45% depending on age, sex
and condition

Significant relationship between DMIS and EDS and the presence
of chronic bronchitis, concomitant asthma and emphysema

Presence of DIMS and EDS were predicted by wheezing and
sputum but not spirometry

Insomnia was reported in 39-53% depending on symptoms

EDS was reported in 12-23% of those with respiratory symptoms

Focus on hypoxaemic component
Frequency of nocturnal desaturation (30% of the time <90%)
estimated to be 4.8%
Desaturation was not associated with impaired HRQoL, sleep
quality or daytime function
Problems with DIMS (18-76%) and EDS (72%) over-represented in
patients
Hypnotics used by 28% of patients versus 10% of controls
In a subgroup of 16 patients, sleep architecture disturbed in most
patients: 12 out of 16 had hypoxaemia (>40% time at <90%
saturation) during sleep with arousals occurring 3-46 times per
hour (mean 15 times per hour)
Sleep efficiency, total sleep time and mean saturation lower
among COPD patients versus controls
36% of COPD patients had problems falling asleep and 76%
experienced frequent awakenings
Minimum oxygen independently predicted symptom scale scores
Symptom category “‘sleep difficulties” rated as third after
dyspnoea and fatigue

Breathing pauses in 11% and EDS in 6.7%

Breathing pauses: OR 1.45 (95% Cl 1.01-2.10) COPD versus asthma

EDS: OR 2.04 (95% Cl 1.33-3.14) COPD versus asthma

Night-time patients (15%) had shorter duration of symptom
exacerbation and were more likely to require noninvasive positive
pressure ventilation

COPD characteristics did not differ between groups

DIMS: disorders of initiating and maintaining sleep; EDS: excessive daytime sleepiness; CRQ: Chronic Respiratory Questionnaire; SF-36: Short Form-36 questionnaire;
PSQI: Pittsburgh Sleep Quality Index; ESS: Epworth Sleepiness Scale; FOSQ: Functional Outcomes of Sleep Questionnaire; HRQoL: health-related quality of life.

stage R sleep [3]. These sleep disturbances may be related to
multiple causes including demographic factors, such as age
(most patients with COPD are over 50 yrs of age) and presence of
obesity, pharmacotherapy, disease-specific symptoms, including
wheezing and cough [33], or the presence of comorbid sleep
disorders (e.g. obstructive sleep apnoea (OSA)) or other medical
conditions. Psychological distress related to COPD may also
contribute to disturbed sleep in these patients. Moreover, altered
lung function in COPD may make patients more prone to
hypoxaemia, a condition that has also been shown to disrupt
normal sleep architecture [34]. In fact, patients with COPD
frequently experience nocturnal oxygen desaturation episodes
[35]. This largely reflects the physiological impact of sleep on
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ventilation discussed previously, and may be aggravated by
changes in tidal volume and rapid shallow breathing, since
accessory breathing muscles become hypotonic during sleep
[17, 36-38], particularly during periods of REM sleep [34]. All
these changes, in combination with the blunted ventilatory
responses to hypercapnia during sleep alluded to before [39],
lead to changes in arterial blood gases during sleep in COPD [40],
as recently modelled by MARRONE et al. [34]. The consequences of
nocturnal hypoxaemia (and hypercapnia) in patients with COPD
may include acute events, such as altered sleep structure,
arrhythmias and increased pulmonary artery pressure, and
long-term sequelae, which include an increased risk for
cardiovascular and cerebrovascular disease (table 2) [34, 41, 42].
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FIGURE 1. Prevalence (per cent and 95% confidence interval) of night-time
symptoms among patients with chronic obstructive pulmonary disease aged
>40 yrs with a history of smoking, stratified by forced expiratory volume in 1 s
(FEV1) % predicted. Data are taken from [32].

Moreover, ventricular ectopic episodes are more frequent during
periods of hypoxaemia and are reduced with nocturnal oxygen
therapy [43]. Yet, the evidence relating sleep hypoxaemia to
arrhythmias and vascular risk is better established in patients
with OSA than in patients with COPD [45].

Finally, there is an apparent bias towards nocturnal death
among patients experiencing a COPD exacerbation [44]. In-
terestingly, this has also been reported in patients with OSA
[46]. Teasing out the relative contribution of each of these
potential mechanisms of sleep disturbance among patients
with COPD is the challenge we now face as a prelude to
determining the most appropriate management strategy.

A. AGUSTI ET AL.

Measuring sleep disturbances in COPD

Sleep disturbance can include a range of phenomenological
entities that range from sleep disorders (such as insomnia) and
disrupted sleep (exemplified by arousals/awakenings, abnor-
mal sleep onset or duration or altered sleep architecture), to
disturbed or delayed sleep due to physical symptoms such as
pain, cough or sputum production. Each of them may need a
specific method for assessment. Furthermore, it is important
to highlight that, currently, we lack an agreed clinical and
operational definition of night-time symptoms in COPD. This
is a pre-requisite for the exploration and definition of the
relationship between disturbed sleep and night-time symp-
toms in COPD. Currently, definitions of night-time symptoms
in COPD include worsening of respiratory symptoms that
either occur at night or interfere with sleep onset or duration,
an increased need for reliever medication during the night, and
sleep disturbances such as frequent nocturnal awakenings and
poor quality sleep (fragmentation, arousals). All these end-
points have been used in various studies examining the
epidemiology of sleep disturbances in COPD and also in
studies evaluating novel pharmacological therapies, usually as
a secondary end-point, and are discussed further below.

The occurrence of respiratory symptoms at night in COPD
patients is usually captured using a patient-completed diary.
This approach provides a useful insight into the patient’s
perception of the nocturnal burden of their disease, but the
precision and reliability of this method of data collection is
poorly defined, and no validated questionnaires are currently
available. Sleep diaries generally consist of questions asking
patients to record their sleep duration and recalled sleep
disruptions (awakenings due to COPD symptoms). Patients
may also be asked to record a sleep score that reflects the
degree of perceived sleep disruption.

ay-\:{8 58 Consequences of nocturnal hypoxaemia and hypercapnia in chronic obstructive pulmonary disease (COPD)

Parameter/outcome

Acute consequences

Chronic consequences

Sleep structure

Arrhythmias

Pulmonary artery pressure

Diurnal blood gases

Mortality

Cardiovascular and cerebrovascular risk

Inflammatory mechanisms

Altered in severe COPD, but inconsistent improvement
of sleep with oxygen administration
Observed during severe sleep desaturations; prevented
by oxygen administration
Increased

Some suggestion that death may preferentially occur at
night among patients with exacerbations (not
systematically evaluated)

Increased ventricular ectopic events during periods
of hypoxaemia

Pronounced activation among desaturators

Worse sleep among pink puffers (mild desaturators)
than blue bloaters (severe desaturators)
Risk not directly documented

Inconsistent finding with regard to differences between
desaturators and nondesaturators
Similar wake blood gas evolution among desaturators
and nondesaturators; possible worsening of blood
gases in severe COPD suggested by beneficial effects
of ventilatory treatment
Prognosis independent of nocturnal hypoxaemia
measured in stable conditions

Increased, possibly as a result of increased sympathetic
activity and altered peripheral vascular tone due to
recurrent nocturnal hypoxia

Data are taken from [34, 41-44].
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At present there are no validated biomarkers that can inform
accurately on whether an individual has fulfilled their sleep
need or is in sleep deficit, so that there is no way to evaluate
the clinical relevance of the reported sleep durations beyond
the degree of deviation from an accepted population norm for
healthy adults of 7-8 h per night.

New technology may have the capacity to monitor cough
during sleep in patients with COPD. Yet, there are numerous
challenges in recording, analysing and quantifying cough
sounds and current systems have only been tested over short
time periods and in limited patient groups [47].

Sleep laboratory measurements offer a well-validated, reliable
and reproducible method of collecting objective data on sleep
duration and quality. These might include assessment of sleep
latency (time to falling sleep) and evaluation of sleep itself
using electroencephalography, electro-oculography, electro-
myography, respiratory flow, heart rate, oxygen and carbon
dioxide levels, and leg movements. However, they are in-
trusive and in most cases require that patients attend a clinic
for overnight recording. This makes them unsuitable for large-
scale randomised controlled trials of potential pharmacological
interventions, but they can be useful for the evaluation of in-
dividual patients for whom conditions such as comorbid sleep
apnoea syndrome are suspected.

Measuring the impact of night-time symptoms may provide
the greatest scope for the objective evaluation of night-time
symptoms and sleep disturbance in COPD. This may be
achieved using validated scales to determine sleep duration
and quality, the emergence of daytime symptoms or the impact
upon health status or quality of life (QoL). The impact on sleep
duration and quality can be recorded using validated tools
such as the Pittsburgh Sleep Quality Index (PSQI) [48]. The
PSQI has been validated in a variety of disease settings from
primary insomnia to cancer [48, 49]. However, while useful,
this scale is not disease-specific and does not provide in-
formation on the underlying causes of disturbed sleep and
night-time awakenings. Another potential approach is to
measure the emergence of daytime symptoms, such as day-
time sleepiness or fatigue, related to sleep deprivation. Seve-
ral validated tools are available. Daytime sleepiness can be
assessed using the Epworth Sleepiness Scale [50] while fatigue
can be measured using the Functional Outcomes of Sleep
Questionnaire [51], the Multidimensional Fatigue Inventory
[52], the Manchester COPD Fatigue Scale [53] or the Fatigue
Impact Scale (COPD) [54], the latter two being specific for
COPD. However, not all patients with sleep disorders express
daytime symptoms and, while two clear phenotypes have been
identified among patients with sleep apnoea syndrome (those
with and those without daytime somnolence), no such phe-
notypes have been established among COPD patients.

QoL is widely used to determine the burden of disease and a
wide variety of validated tools are available. The St George’s
Respiratory Questionnaire (SGRQ) [55] is one such tool widely
used in the assessment of health-related quality of life (HRQoL)
in respiratory disease and includes one question about sleep
disturbances caused by cough or breathlessness. Other non-
disease-specific tools that are widely used and validated
measures of HRQoL include the Euro-QoL-5D (EQ-5D) [56]
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and Short-Form 36 (SF-36) questionnaires. The results of studies
using these tools have given some indication that poor quality
sleep adversely impacts HRQoL [57-59]. In a study conducted
in 2009 among 30 patients with clinically stable COPD, poor
sleep quality (assessed using the PSQI) was reported by 70% of
patients, and HRQoL (assessed using the SGRQ) correlated with
the quality of sleep, FEV1 and severity of dyspnoea [57]. In a
clinical cohort study of 180 patients with COPD (78% of whom
were male), poor quality sleep (assessed using the PSQI) was
an independent predictor of the SGRQ score [58]. Finally,
among a cohort of 58 patients with COPD and comorbid anxiety
and depression, poor HRQoL was associated with poor sleep
and psychiatric morbidity [59]. Although sleep disturbances
may have a considerable negative impact on QoL in patients
with COPD, it is important to keep in mind that relevant
confounding factors have not been well established and are
likely to be multiple.

Finally, two emerging measures that may prove useful in
assessing the impact of night-time symptoms and sleep
disturbance in COPD are the COPD and Asthma Sleep
Impact Scale (CASIS) [60] and the COPD Assessment Test
(CAT) [61]. The CASIS has been validated both in asthma
(n=84) and COPD (n=79) and has been shown to have good
internal consistency, test-retest reliability and construct valid-
ity. The CAT measures the perception of the burden of disease
and includes one question on sleep. CAT is extremely well
correlated with the SGRQ [61].

Clinical impact

Night-time symptoms and the consequent sleep disturbance
have the potential to impact a range of long-term outcomes in
patients with COPD that includes lung function changes,
exacerbation frequency, the emergence of cardiovascular dis-
ease, cognitive effects, depression, quality of life and mortality.
Hence, there is a pressing need for further research to establish
the long-term health consequences of disturbed sleep in patients
with COPD as a prelude to identifying appropriate measure-
ment tools for use in interventional studies.

With these caveats in mind, the results published by PARTRIDGE
et al. [62] are of note. These investigators conducted an internet
survey of 803 patients with COPD in Europe and the USA.
Patients were asked at what time of day their COPD symptoms
were worse than usual. 37% of patients reported that their
symptoms were most troublesome in the early morning; this
rose to 46% among the 289 patients with severe COPD (defined
as regular use of COPD medication, a score of 3 or above on
the modified MRC dyspnoea scale, and one or more COPD
exacerbations in the preceding 12 months) (fig. 2). The second
most bothersome moment with respect to symptoms was
during the night as reported by 25% of all patients and 34% of
those with severe COPD. Whether or not there a link between
early morning symptoms and night-time symptoms/sleep
disturbances in COPD is unclear but deserves research.

Most recently, a pan-European study recruiting >2,400 pa-
tients with severe COPD has shown that phlegm and cough are
the most troublesome symptoms on waking, with cough and
wheezing being the most troublesome symptoms at night
(fig. 2) [63]. The authors also found that 20-30% of patients
perceived some degree of variation in the severity of
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FIGURE 2. Circadian variation in the troublesomeness of a) any chronic
obstructive pulmonary disease (COPD) symptom [62] and b) specific COPD
symptoms. Data are taken from [63]. ***: p<<0.001 versus all other times of day;

###. 5<0.001 versus midday.

individual symptoms throughout the day, suggesting unstable
airway function and raising the possibility that these patients
might be at greater risk for COPD exacerbation. In fact, this
study also identified a number of factors associated with
reduced daily symptom variability (table 3), including main-
tenance treatment with a single long-acting bronchodilator (no
versus yes; OR 2.062, 95% CI 1.358-3.132; p=0.0007), treatment
by a specialist versus a general practitioner (OR 1.390, 95% CI
1.082-1.785; p=0.0099), and the severity of the breathlessness
experienced by patients. Further research is needed to explore
the relationship of night-time symptoms, daytime symptoms
and risk of exacerbations.

Therapeutic options

Despite the apparent high prevalence of night-time symptoms
and disturbed sleep in patients with COPD, there are only a
few interventional studies that have directly targeted them.

Several studies have investigated the effects of bronchodilator
therapy [19, 64-67]. In a 4-week, double-blind study among 36
patients with moderate to severe COPD, treatment with
ipratropium (given four times daily) led to an improvement
in oxygen saturation and also in perceived sleep quality [66]. In
contrast, in another 4-week, double-blind study among 80
patients with severe stable COPD, evening dosing with
tiotropium reduced the daily variation in lung function and
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a).\: 858 Factors affecting daily breathlessness variation
in 2,441 patients with severe chronic obstructive
pulmonary disease

Factor

OR (95% Cl) p-value

Age calculated for 10-yr changes
Severity of breathlessness

0.85 (0.75-0.96) 0.0106

Moderately versus a little 1.47 (1.04-1.95) 0.0083
Very versus a little 2.85 (2.06-3.94) <0.0001
Extremely versus a little 2.56 (1.52-4.33) 0.0004
Maintenance treatment with only one long- 2.06 (1.36-3.13) 0.0007

acting bronchodilator (no versus yes)
Physician activity (general practitioner
versus specialist)

1.39 (1.08-1.78) 0.0099

Reproduced from [63] with permission from the publisher.

improved nocturnal oxygen saturation but did not offer any
improvement in perceived sleep quality [64]. Finally, CALVERLEY
et al. [19] conducted a 6-week, double-blind, placebo-controlled
study in 121 patients with stable COPD and found that the
administration of tiotropium once daily in the evening did not
produce more bronchodilation during the night than when it is
administered once daily in the morning. Conversely, RYAN et al.
[67] showed that treatment with salmeterol, a long-acting B,-
adrenergic bronchodilator, improves arterial oxygen saturation
during sleep without significant change in sleep quality. In a
randomised, double-blind, placebo-controlled, crossover study,
these authors compared the effects of 4 weeks of treatment with
salmeterol (50 mg b.i.d.) and matching placebo on sleeping
arterial oxygen saturation (Sa,0,) and sleep quality in 15 patients
with moderate/severe stable COPD. They found that, both
mean Sa,0, and the percentage of sleep spent below 90% of Sa,0,
improved significantly with salmeterol, whereas sleep quality
was similar irrespective of salmeterol or placebo.

Alternatively, various measures of sleep disturbance and night-
time symptoms have been evaluated as secondary or explora-
tory end-points in several randomised clinical trials of a number
of respiratory drugs evaluated for the treatment of COPD
(table 4) [30, 31, 68-76]. However, the evaluation of night-time
symptoms was not the primary outcome in any of these trials
and, besides, the tools used to assess them had not been
previously validated. A recent study with aclidinium bromide,
a novel long-acting anti-muscarinic drug, investigated poten-
tial effects on night-time symptoms in COPD [77]. In this 12-
week, randomised, double-blind, placebo-controlled study, 561
patients with COPD were treated with either aclidinium 200 pg
or 400 pg, twice daily. Overall, the results on sleep diary
parameters were not statistically significantly different between
the aclidinium bromide arms and placebo. However, significant
differences were noted for the frequency of night-time awaken-
ings and the ability to fall back asleep after awakening in the
aclidinium bromide 400 ng group at weeks 1,4, 8 and 12, as well
as in the quality of sleep and rating of sleep in both active
treatment groups at weeks 1 and 4 as compared to normal. In
addition, patients reported less early morning breathlessness
with active treatment (fig. 3) [77]. This study, therefore, shows
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-\ B Night-time symptoms as secondary end-points in clinical trials of respiratory drugs for chronic obstructive pulmonary
disease (COPD)

Citation

Study drugs

Night-time symptoms end-point

Relevant results

WELTE et al. [68]
(2009)

TeRzANO et al. [69]
(2008)

CampBELL et al. [70]
(2005)

WELTE et al. [71]
(2008)

TAsHKIN et al. [72]
(2009)

RENNARD et al. [73]
(2009)

TasHKIN et al. [31]
(2008)

PARTRIDGE et al. [74]
(2009)

AnzuEeTo et al. [30]
(2009)

ZHENG et al. [75]
(2007)

MAKE et al. [76]
(2005)

Tiotropium plus budesonide/formoterol
versus tiotropium alone
Tiotropium with and without formoterol

Formoterol versus placebo

Formoterol

Formoterol plus tiotropium versus
tiotropium alone
Budesonide plus formoterol versus
formoterol alone

Budesonide plus formoterol in a single
inhaler versus separate inhalers
Budesonide plus formoterol versus
salmeterol plus fluticasone

Fluticasone plus salmeterol versus
salmeterol alone
Fluticasone plus salmeterol versus
placebo
Fluticasone plus salmeterol versus
placebo

Diary card including a five-point scale
of sleep disturbance
Diary card of night-time reliever use

Diary card including sleep disturbance

and night-time reliever use

Diary card including a five-point scale of

sleep disturbance based on the number

and/or duration of awakenings and early

awakenings
Diary card of night-time awakenings
and reliever use
Sleep score and per cent
awakening-free nights

Diary card including a five-point scale of
sleep disturbance; awakening-free nights
E-diary card to record symptoms
and basic morning activities
Diary card of night-time awakenings

Diary card of night-time awakenings

Diary card including a visual analogue
scale of severity of sleep symptoms

Tiotropium plus budesonide/formoterol
improved awakening due to COPD
Evening dosing of tiotropium offered the
greatest reduction in night-time reliever use
Significant reduction in sleep disturbance and
night-time reliever use with active treatment
Improvement in sleep disturbance with active
treatment

Significantly greater decline in night-time
awakenings with the combination regimen
Significant improvement in sleep score and

per cent awakening-free nights with
combination regimen
Improvement in sleep score and awakening-
free nights

Post-dose morning activity scores were

significantly higher with budesonide plus

formoterol after 1 week of dosing

Significant reduction in weekly night-time

awakenings with combination regimen
Significantly higher percentage of days without
night-time awakenings with active treatment
Significantly greater improvement in
symptom-free nights, awakenings, and sleep

symptom scores with combination regimen

that the improvement in lung function obtained by the
administration of aclidinium twice daily translates into sympto-
matic benefits to COPD patients, especially during sleep time
and in the early morning [77].

Finally, it is well established that overnight oxygen therapy
improves nocturnal oxygen saturation and pulmonary artery
pressure during sleep [78, 79]. Studies comparing noninvasive
ventilation with supplemental oxygen suggest that the former
can also improve quality of life, although this effect was not
fully unequivocal [80, 81]. In these studies, some proportion of
patients may have suffered from concurrent sleep apnoea, relief
of which may explain the observed improvements. In the study
reported by MCEvOY ef al. [81] in 2009, 144 patients with COPD
were randomly allocated to either nocturnal noninvasive
ventilation plus long-term oxygen therapy (n=72) or to long-
term oxygen therapy alone (n=72). No differences in lung
function or overall survival were observed, but patients treated
with noninvasive ventilation reported significantly better gene-
ral health (SF-36 median score of 32 points with long-term
oxygen therapy versus a median score of 20 with noninvasive
ventilation; p=0.0002) and mental health (median scores of 80
and 70, respectively; p=0.009) [81]. However, using the Profile
of Mood States assessment, patients receiving noninvasive
ventilation reported significantly more confusion and bewilder-
ment (p=0.020) and significantly less vigour (p=0.050) [81].
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LESSONS FROM OTHER MEDICAL CONDITIONS

Sleep disturbance is common in a range of chronic diseases
including restrictive lung diseases and asthma, sleep apnoea
syndrome, cardiovascular disease including heart failure [82],
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FIGURE 3. Severity and impact of night-time symptoms among patients with
chronic obstructive pulmonary disease treated with aclidinium bromide or placebo.
The frequency of each variable was scored as follows: 0, never; 1, 1-2 times; 2, 3-4
times; 3, 5-6 times; and 4, >7 times. Weekly averages were analysed. *: p<<0.05;
**: p<0.01; ***: p<0.001 versus placebo. Reproduced from [77] with permission
from the publisher.
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gastrointestinal disorders, pain disorders, renal disorders and
cancer [3, 83-85] over and above levels observed in age-
matched general populations. Research is now ongoing in a
number of fields to better understand the reciprocal relation-
ship between chronic disease and sleep disturbances, as well as
the implications for both day to day management and long-
term outcomes. Some lessons from these fields may be of
interest for a better understanding of night-time symptoms in
COPD patients.

The overlap syndrome: COPD and sleep apnoea

COPD and sleep disordered breathing (mainly OSA) are two
of the most common respiratory disorders and frequently
coincide [35]. Although good epidemiological data is currently
lacking, the prevalence of sleep apnoea among patients with
COPD is likely to be similar to that seen in the general
population (about 4%). Sleep studies to diagnose OSA in
patients with COPD are not routinely indicated unless the
patient presents with additional symptoms, such as snoring
and/or excessive daytime somnolence, that suggest the pre-
sence of OSA [4].

The co-occurrence of OSA and COPD is referred to as overlap
syndrome. Although it probably affects a relatively small
proportion of patients, the impact on sleep and long-term
health can be profound. Patients with the overlap syndrome
experience more severe nocturnal oxygen desaturation than
patients with either condition alone, and are at considerably
greater risk of death [35]. As in patients with OSA, sleep
fragmentation in patients with overlap syndrome depends
mainly on the sleep apnoea component, and it is thought to be
responsible for their excessive daytime sleepiness. Whether the
density of arousals during sleep due to respiratory events is
also related with major outcomes in patients with overlap
syndrome is not yet known. The precise mechanisms that
underlie this increased mortality rate are not fully defined but
they are most likely related to the adverse haemodynamic
effects and prolonged activation of inflammatory responses by
hypoxia [86] leading to an increased risk for cardiovascular
events [35]. Interestingly, patients with overlap syndrome
appear to experience more frequent exacerbations and a more
rapid decline in lung function [87, 88] but, again, further
research is required to define and understand this relationship
more fully.

Appropriate treatment strategies for patients with overlap
syndrome are emerging. A recent study has shown that the use
of continuous positive airway pressure (CPAP) to treat OSA in
patients with COPD dramatically improves outcomes in these
latter patients, including COPD exacerbation frequency and
overall survival [89]. In this study, among a population of 4,241
snorers referred to a sleep clinic between 1996 and 2000, 3,102
patients were diagnosed with OSA, of whom 598 were also
diagnosed with COPD. Of these latter 598 patients, 228 with
overlap syndrome were treated with CPAP whereas 213 did
not receive CPAP. A further 210 patients with COPD without
OSA were followed as a comparator group. Figure 4 illustrates
the improvement in both survival (p<<0.001) and exacerbation
frequency (p<<0.001) for patients with overlap syndrome
treated with CPAP. Whether patients with COPD alone might
have benefited further from CPAP therapy was not evaluated.
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X
©
=
c
3 4°7 —copp

---Overlap with CPAP

20 - Overlap without CPAP
p<0.001
O T T T T T 1

0 2 4 6 8 10 12

Years
Number at risk
COPD 210 203 196 184 144 89 10
Overlap with CPAP 228 223 215 201 167 97 8
Overlap without CPAP 213 204 186 161 121 57 3

b) Exacerbation frequency
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FIGURE 4. Outcomes (survival and exacerbation frequency) among patients
with overlap syndrome treated with continuous positive airway pressure (CPAP).
COPD: chronic obstructive pulmonary disease. Reproduced from [89] with
permission from the publisher.

Asthma

Nocturnal symptoms of asthma negatively impact sleep qua-
lity as disease control declines [90]. This was clearly illustrated
in a survey of 1,199 patients with asthma (mean age 46.5 yrs),
75.3% of whom had well controlled asthma (according to the
Asthma Therapy Assessment Questionnaire (ATAQ) score 0;
n=146) and reported no difficulty in getting a good night’s
sleep. This proportion was lower (55.7%) among those with
less well controlled asthma (ATAQ score 1-2; n=923), par-
ticularly among those (6.9%) with very poorly controlled
asthma (ATAQ score 3-4; n=130).

Insomnia and sleep-related symptoms, such as excessive
daytime sleepiness, are more common in asthmatic females
than males [91]. Among 470 subjects with current asthma from
the Nordic European countries who took part in the Euro-
pean Community Respiratory Health Survey II, females were
significantly more likely than males to report insomnia
(p<<0.0001) and excessive daytime sleepiness (p<<0.0001), and
female sex was a significant independent determinant for
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insomnia (adjusted OR 3.67, 95% CI 1.94-6.95) and excessive
daytime sleepiness (adjusted OR 2.53, 95% CI 1.32-4.86). One
possible explanation may be that females present later for
treatment than males, such that their symptoms are worse by
the time they reach their clinician. There are currently no data
to determine whether such a sex difference is also apparent in
COPD patients, but this is an area that warrants further
research given that females who smoke may be more
susceptible to the development of the disease than males [92].

As observed in COPD, individual symptoms appear to vary
during the day among patients with asthma. For example,
cough appears to peak shortly after waking [93]. Why this
should be is unclear but it appears that sleep suppresses cough
[93]. Whether this suppression of the cough reflex is also
apparent in COPD patients is also unclear given that cough is
reported by patients as one of the most troublesome nocturnal
symptoms [63].

Several studies have documented that inflammation worsens
in individuals who have nocturnal asthma during the night-
time hours, as compared with those who have no nocturnal
asthma of comparable asthma severity [94-97]. These inflam-
matory changes have been related to airflow limitation and
reversibility [98]. Most investigators view the circadian cycles
of cortisol, cholinergic tone, histamine and adrenaline as
having theoretical relevance to inflammation, but the specific
and detailed mechanistic links among these cycling biological
processes and the control of inflammation remain incompletely
defined [99].

CONCLUSIONS AND FUTURE DIRECTIONS
Following the discussion of the available evidence presented
above, the panel concluded that:

1) While the term “night-time symptoms” in COPD has
not been distinctly defined in an objective sense, available
epidemiological data suggest that nocturnal symptoms and
symptomatic sleep disturbance is common, and may exceed
75%, among patients with COPD. Night-time symptoms and
sleep disturbance are very likely to be clinically underestimated
and, certainly, are not a focus of current management guidelines
for the disease. Given our current understanding of the negative
long-term health consequences of sleep disturbance in healthy
adults, maintaining and promoting adequate sleep by reducing
the severity of the night-time symptoms needs to be considered
as a novel therapeutic clinical goal for patients with COPD.

2) Current definitions of night-time symptoms in COPD span
both respiratory and other symptoms of the disease itself,
as well as symptoms of disturbed sleep such as frequent
nocturnal awakenings, difficulty falling back to sleep after an
awakening and shortened sleep duration. In order to explore
appropriate management strategies to improved disturbed
sleep in patients with COPD it may be necessary to
operationally separate night-time symptoms related to the
disease from sleep disturbance.

3) The “troublesomeness” of the classic symptoms of COPD
differ in the morning and at night; the most troublesome
symptoms in the morning are phlegm and cough, while at
night they are wheezing and chest tightness. However, there is
insufficient epidemiological data at present to speculate on
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whether there are different phenotypes of patients among the
population of patients with COPD with regard to night-time
symptoms. Indeed there is currently a paucity of data on sleep
disturbance and circadian variation in lung function, co-
morbid conditions and the relationships among them in
patients with COPD. For the future, it will be necessary to
explore the most appropriate way to deploy respiratory and
other drugs in order to manage night-time symptoms and
sleep disorders in patients with COPD.

4) It will also be necessary to explore the potential links
between night-time symptoms and long-term clinical out-
comes to ensure that any interventions aimed at acutely
improved night-time symptoms and/or sleep disturbance in
COPD also improve or stabilise the long-term health of
patients with COPD. While subjective sleep measures are
informative, objective measures providing quantifiable data
(e.g. actimetry) will be needed to establish whether there is a
relationship between night-time symptoms and long-term
outcomes in COPD. Relevant clinical outcomes in this respect
might include all-cause mortality, the frequency of adverse
cardiovascular events, the presence and severity of day and
night-time symptoms, exacerbation frequency and improve-
ment in quality of life, among others.

In summary, night-time symptoms in COPD are prevalent,
bothersome and likely to adversely impact long-term outcomes
for patients, but they are often not reported and/or considered
in the clinical management of the disease. This ““forgotten”
dimension warrants further clinical investigation with vali-
dated tools.
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