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ABSTRACT

Introduction: Patients with chronic obstructive
pulmonary disease (COPD) often have poor
sleep quality and report a worsening of respira-
tory symptoms during night-time. However,
current clinical guidelines for COPD manage-
ment do not specifically consider nocturnal
symptoms when recommending pharmacolog-
ical treatment. This study aimed to better
understand the burden of nocturnal symptoms
in patients with COPD, and to evaluate the
importance of nocturnal symptom control
compared with daytime and overall symptom
control.
Methods: Data were analyzed from the Adelphi
Respiratory Disease Specific Programme, a
point-in-time survey of physicians and their
patients, conducted in the USA in 2019. Primary
care physicians and pulmonologists who

managed three or more patients with COPD per
month were eligible for inclusion; eligible
patients were C 18 years old, with a physician-
confirmed diagnosis of COPD.
Results: Surveys from 171 physicians and 800
patients were analyzed. Everyday symptoms
were reported in 14% of patients. In total, 88%
of patients reported daytime symptoms, and
74% of patients experienced nocturnal symp-
toms, with 7% reporting daily nocturnal
symptoms. Patients experiencing nocturnal
symptoms every day had the greatest impair-
ment in their activity as per the Work Produc-
tivity and Activity Impairment questionnaire
(mean total activity impairment, 66.9%; noc-
turnal symptoms once or twice a week, 41.1%;
no nocturnal symptoms, 26.4%). Patients
experiencing daily nocturnal symptoms also
had the lowest quality of life (QoL) as per the
EuroQoL 5-Dimension 3-Level score. Physicians
reported prescribing therapy based on sustained
24-h symptomatic relief for the majority of
patients (78%). They reported nocturnal symp-
tom control as a factor in their choice of ther-
apy for 38% of patients, and daytime symptom
control as a reason for 61% of patients.
Conclusion: Daytime and nocturnal symptoms
are common among patients with COPD. Fre-
quency of nocturnal symptoms is related to a
significant impairment in activity and health-
related QoL.
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Key Summary Points

Why carry out this study?

Sleep complaints among patients with
chronic obstructive pulmonary disease
(COPD) are common, ranking third after
dyspnea and fatigue. Despite this, sleep
disturbances and/or nocturnal symptoms
are rarely mentioned in current COPD
treatment guidelines

This study aimed to investigate the burden
of nocturnal symptoms among patients
with COPD, and to evaluate the
importance of nocturnal symptom
control

What was learned from the study?

In total, 74% of patients included in this
analysis reported experiencing nocturnal
symptoms, with 7% of patients
experiencing daily nocturnal symptoms.
Patients experiencing daily nocturnal
symptoms had the greatest activity
impairment per the Work Productivity
and Activity Impairment questionnaire,
and lowest quality of life per the EuroQoL
5-Dimension 3-Level score. Physicians
reported that they prescribed therapy
based on sustained 24-h relief for most of
their patients (78%), and they prescribed
therapy based on nocturnal symptom
relief for 38% of their patients

The results of this study bring new insights
into the frequency and impact of
nocturnal symptoms among patients with
COPD in the USA. Health care
professionals should seek to individualize
treatment to maximize 24-h symptom
control for their patients with COPD

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a common progressive condition character-
ized by persistent airflow limitation and
increasing breathlessness [1]. The Global Ini-
tiative for Chronic Obstructive Lung Disease
(GOLD) provides treatment guidelines for the
management of COPD, which aims to reduce
the occurrence of respiratory symptoms and
lower the risk of future exacerbations (episodes
of acute worsening of respiratory symptoms).
Pharmacological maintenance therapy for
COPD can include the use of long-acting mus-
carinic antagonists (LAMA), long-acting b2
agonists (LABA), and/or inhaled corticosteroids
(ICS; usually taken in combination with LABA).
GOLD guidelines recommend an incremental
approach to treatment, involving a combina-
tion of drug classes as disease state worsens [1].

Patients with COPD often have poor sleep
quality and report a worsening of respiratory
symptoms at night-time [2, 3]. Indeed, sleep
complaints in COPD patients are common,
ranking third after dyspnea and fatigue [2, 4].
Sleep has important effects on breathing and
gas exchange that may exacerbate the already
impaired respiratory system in COPD [3]. Noc-
turnal symptoms in COPD may also overlap
with the presence of sleep-disordered breathing,
such as obstructive sleep apnea, and nocturnal
oxygen desaturation, which increase the mor-
bidity and mortality in this group of patients
[5–7]. Despite this, sleep disturbances and/or
nocturnal symptoms are seldom mentioned in
current COPD treatment guidelines [1].

The objective of this study was to further
investigate the burden of nocturnal symptoms
among patients with COPD, and to understand
how nocturnal symptom control affects the
patient and is assessed by the physician com-
pared with daytime and overall symptom
control.
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METHODS

Study Design

The study design is shown in Fig. 1. The data for
this study were drawn from the Adelphi Respi-
ratory Disease Specific Programme (DSP), a
point-in-time survey of patients with COPD and
their physicians, conducted in the USA from
July to December 2019. DSP methodology has
been previously published and validated [8],
and it represents an established method for
investigating symptom burden and treatment
practices across a wide range of disease areas,
including COPD [9]. All information was
recorded on the survey date from available
medical history or a specified recall period for
physicians and patients, and no follow-up
information was collected.

The survey received an exemption determi-
nation by the Western Institutional Review
Board, a central international review board for
the USA (study number 1-1211337-1; 14 August
2019). Patients provided informed consent
before completing the voluntary patient self-
completion survey, and all data from physicians

and patients were aggregated and de-identified
before receipt. The survey was performed in
accordance with the Helsinki Declaration of
1964, and its later amendments, and also
adhered to the ICC/ESOMAR International code
on observational research and Health Insurance
Portability and Accountability Act (HIPAA)
guidelines.

Physician and Patient Eligibility Criteria

Data were collected from patients and physi-
cians [primary care physicians (PCPs) and pul-
monologists]. To participate, physicians were
required to manage three or more patients with
COPD per month. Patients had to be at least
18 years old with a confirmed diagnosis of
COPD; patients currently enrolled in a clinical
research study were excluded. Physicians were
instructed to complete a record form for the
next five consecutively consulting patients.
Each patient for whom the physician completed
a form was then invited to fill in a self-com-
pletion form.

Fig. 1 Respiratory DSP survey: population sampled and
data captured for the burden of nocturnal COPD
symptoms study. COPD chronic obstructive pulmonary

disease, DSP Disease Specific Programme, EQ-5D-3L
EuroQoL 5-Dimension 3-Level, PCP primary care physi-
cian, WPAI Work Productivity and Activity Impairment
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Study Outcomes and Data Sources

The primary objective of this study was to
describe the proportion of COPD patients with
nocturnal symptoms, their frequency relative to
daytime symptoms, and the association of
nocturnal symptom frequency with overall
quality of life (QoL) and work and activity
impairment. Patients were asked to complete
the Jenkins Sleep Evaluation Questionnaire
(JSEQ) to provide data on sleep disturbances
(recall over past 4 weeks [10]) and the Work
Productivity and Activity Impairment (WPAI)
questionnaire (recall over last 7 days). Only
patients in current employment completed the
work-related questions in the WPAI question-
naire. Overall health-related QoL was assessed
by patient completion of the EuroQoL
5-Dimension 3-Level (EQ-5D-3L) utility score
and the EQ-5D visual analog scale (VAS), on the
day of the survey.

Secondary objectives were to describe the
relationship between nocturnal symptoms, fre-
quency and timing of COPD maintenance
therapy, and choice of COPD medications by
treating physicians. The following data were
extracted from the DSP: patient-reported vari-
ables including timing, frequency, and dosing
of daily maintenance treatment; physician-re-
ported reasons for current drug choice (physi-
cian response on survey date); and frequency of
daily dosing of maintenance therapy (based on
medical records).

An exploratory objective was to describe the
demographics and clinical characteristics of the
surveyed COPD patients with and without
nocturnal symptoms, which were obtained
from physician-completed surveys/medical
records. Where appropriate, and depending on
the variable, the timeframe for collection of this
information was either the survey date (e.g., for
age, sex, employment status) or based on
available medical records [comorbidities, body
mass index (BMI); Charlson Comorbidity Index
(CCI)].

Data Analysis

Descriptive analyses were generated using data
extracted from the Respiratory DSP. Categorical
variables are reported as frequency and per-
centage of patients within each response;
numerical variables are reported as number of
responses, mean, and standard deviation (SD).
Each variable is described using the maximum
sample available to that variable, which may
differ depending on whether the variable is
physician- or patient-reported and the level of
the missing data. The number of missing data is
reported. An explanation of outcome variables
is provided as supplementary material.

RESULTS

Figure 1 shows the overall sample captured in
the DSP and the data extracted for the current
study. Completed surveys from 171 physicians
(n = 92 PCPs, n = 79 pulmonologists) and 800
patients were available. Table 1 summarizes
patient demographics and disease characteris-
tics according to the presence and frequency of
nocturnal COPD symptoms as reported by
physicians. Data were available for 690/800
patients, 33 of whom (4.8%) were noted as
experiencing nocturnal symptoms every day;
these patients were on average older (69.5 years)
than other patients (mean age: 66.9, 66.5, 66.3,
and 67.2 years for patients with no nocturnal
symptoms, symptoms less than one time per
week, one to two times per week, and three to
six times per week, respectively), and a lower
proportion were in full-time employment (9.1%
versus 24.8%, 23.2%, 21.4%, and 26.7% for
patients with no nocturnal symptoms, symp-
toms less than one time per week, one to two
times per week, and three to six times per week,
respectively). Mean BMI and the proportion of
males/females were comparable across the dif-
ferent frequencies of nocturnal symptoms.

Timing and Frequency of COPD Symptoms

Daytime symptoms were reported more fre-
quently by patients than nocturnal symptoms.
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In total, 12% of patients reported daytime
symptoms only, 34% reported primarily day-
time symptoms, 43% reported symptoms
occurring equally during the day and night,
10% had primarily night-time symptoms, and
2% reported symptoms occurring only during
the night (Fig. 2). Overall, 74% of patients
reported that they experienced nocturnal
symptoms, with 7% reporting daily nocturnal
symptoms (Fig. 3). Most patients (88%) reported
daytime symptoms, with daily symptoms

reported in 14% of patients. A higher propor-
tion of patients experiencing nocturnal symp-
toms every day, as reported by their physician,
had comorbidities such as hypertension (76%),
anxiety (36%), depression (24%), anemia (21%),
and gastrointestinal reflux disease (GERD; 33%)
compared with patients experiencing less fre-
quent nocturnal symptoms (Fig. 4).

Table 1 Demographics and characteristics of patients with COPD according to presence and frequency of nocturnal
symptoms

Frequency of nocturnal COPD symptomsa

None
N = 161

< 1 time
per week
N = 243

1–2 times
per week
N = 193

3–6 times
per week
N = 60

Daily
N = 33

Total
N = 690

Physician setting, n (%)

Primary care 81 (50.31) 115 (47.33) 94 (48.70) 36 (60.00) 19 (57.58) 345 (50)

Pulmonologist 80 (49.69) 128 (52.67) 99 (51.30) 24 (40.00) 14 (42.42) 345 (50)

Patient age, years, mean (SD) 66.9 (10.39) 66.5 (10.91) 66.3 (10.56) 67.2 (9.61) 69.5 (11.97) 66.8 (10.63)

Female, n (%) 75 (46.58) 112 (46.09) 91 (47.15) 19 (31.67) 15 (45.45) 312 (45.22)

BMI, kg/m2, mean (SD) 26.9 (5.03) 27.8 (5.49) 27.6 (6.54) 27.5 (5.40) 26.4 (7.04) 27.5 (5.77)

CCI, mean (SD) 1.43 (1.13) 1.51 (1.18) 1.48 (1.09) 1.78 (0.99) 1.85 (1.35) 1.52 (1.14)

Employment status, n (%) N = 161 N = 241 N = 192 N = 60 N = 33 N = 687

Working full-time 40 (24.84) 56 (23.24) 41 (21.35) 16 (26.67) 3 (9.09) 156 (22.71)

Working part-time 12 (7.45) 20 (8.30) 16 (8.33) 5 (8.33) 2 (6.06) 55 (8.00)

On long-term sick leave 0 (0.00) 3 (1.24) 3 (1.56) 0 (0.00) 0 (0.00) 6 (0.87)

Homemaker 11 (6.83) 13 (5.39) 10 (5.21) 0 (0.00) 4 (12.12) 38 (5.53)

Retired 94 (58.39) 140 (58.09) 116 (60.42) 35 (58.33) 22 (66.67) 407 (59.24)

Unemployed 4 (2.48) 9 (3.73) 6 (3.13) 4 (6.67) 2 (6.06) 25 (3.64)

Smoking status, n (%) N = 160 N = 239 N = 192 N = 57 N = 32 N = 680

Current smoker 38 (23.75) 42 (17.57) 47 (24.48) 19 (33.33) 8 (25.00) 154 (22.65)

Ex-smoker 108 (67.50) 177 (74.06) 127 (66.15) 35 (61.40) 19 (59.38) 466 (68.53)

Never smoked 14 (8.75) 20 (8.37) 18 (9.38) 3 (5.26) 5 (15.63) 60 (8.82)

BMI body mass index, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease, SD standard
deviation
aData provided are physician-reported frequencies of nocturnal COPD symptoms
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Impact of Nocturnal COPD Symptoms
on Patients’ Daily Lives and QoL

Data on sleep disruption experienced by
patients were captured by the JSEQ (which
assesses the frequency of sleep disturbances;
lower scores indicate less disturbance). Mean
JSEQ scores increased with increasing frequency
of nocturnal symptoms; these ranged from 3.2
in patients with no reported COPD nocturnal
symptoms to 9.5 in patients experiencing noc-
turnal symptoms every day (Table 2).

Of the patients who completed the WPAI
questionnaire, those experiencing nocturnal
symptoms every day had the greatest impair-
ment in their activity, and none of these
patients was working (Table 2). Their total
activity impairment was 66.9% (versus 41.1% or
lower in patients with less frequent nocturnal
symptoms, and 26.4% in patients who did not
experience nocturnal symptoms). Patients
experiencing daily nocturnal symptoms also

had the lowest QoL as per the EQ-5D-3L score.
Patients experiencing nocturnal symptoms
every day had a mean EQ-5D-3L score of 0.602
compared with a mean of 0.882 in patients who
did not experience any nocturnal symptoms.
Physicians also reported that COPD impacted
many aspects of a patient’s life (Fig. 5), includ-
ing getting up and getting ready for the day,
personal relationships, leisure, sleep, and work.
COPD was judged to impact sleep occasionally,
frequently, or constantly in 37% of patients.

Frequency and Timing of COPD
Maintenance Therapy; Physicians’
Reasons for Treatment Choice

The frequency and timing of COPD mainte-
nance medication taken and reported by
patients is summarized in Fig. 6A, B, respec-
tively. Most patients (76%) took their mainte-
nance medication every day (Fig. 6A), and this
proportion was the same among patients

Fig. 2 Time of day when patients are bothered most by COPD symptoms, as reported by patients and their treating
physicians. COPD chronic obstructive pulmonary disease
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reporting daily nocturnal symptoms. Overall,
60% of patients were taking their maintenance
medication twice daily, while 39% of patients
took theirs once daily. Physicians reported
nocturnal symptom control as a reason for their
choice of maintenance therapy for 38% of
patients, and daytime symptom control as a
reason for 61% of patients (Fig. 7). Improve-
ment of nocturnal symptom burden was cited
by physicians as a reason for treatment choice
in 40% of patients taking once-daily mainte-
nance treatment versus 42% taking twice-daily
treatment.

DISCUSSION

This study investigated nocturnal symptoms
and the association between prescription pat-
terns and quality of sleep among patients with
COPD. It brings new insights into the frequency
and impact of nocturnal symptoms in patients

with COPD, and their relationship with the use
of COPD maintenance therapies in the USA.

Our study found that daytime COPD symp-
toms are commonly experienced by patients
with COPD. Furthermore, 74% of patients also
experienced nocturnal symptoms during the
4 weeks prior to the survey, and 7% of patients
reported having symptoms every night. Patients
reported that nocturnal COPD symptoms
impaired their sleep quality, thus impacting
their overall QoL. Results of the JSEQ showed
that patients’ sleep disruption became more
pronounced with increasing frequency of noc-
turnal COPD symptoms. Patients with COPD
had a mean JSEQ score of 4.2, and the mean
score increased to 9.5 in patients experiencing
nocturnal symptoms every day. Previous
research has indicated that a JSEQ score C 3 is
suggestive of frequent sleep complaints (i.e.,
sleep disturbances at least once per week during
the previous month) [11]. JSEQ scores have also
been shown to be positively correlated with
COPD symptoms (as measured by the COPD

Fig. 3 Patient-reported frequency of symptoms
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Assessment Test) [3], suggesting that patients
with frequent nocturnal symptoms may have
poor overall symptom control. We found that
increasing frequency of nocturnal symptoms
was also associated with impairment of patients’
work and daily activities. Of the patients with
daily nocturnal symptoms who completed the
WPAI questionnaire, none was working, and
WPAI results showed they had a mean of 67%
total activity impairment. Patients with less
frequent nocturnal symptoms also had sub-
stantial impairment (mean ranging from 32% to
41%) versus patients reporting no nocturnal
symptoms (mean 26% impairment). The detri-
mental effect of frequent nocturnal symptoms
was also indicated by QoL assessments; patients
with nocturnal symptoms every day had the
lowest health-related QoL as per the EQ-5D-3L
score.

Our results indicate that health care provi-
ders are aware of the detrimental effects to sleep

in patients with COPD. Physicians reported that
they prescribed therapy based on sustained 24-h
symptomatic relief for the majority of their
patients (78%). Treatment choice based on
nocturnal symptom control was a factor in
physicians’ choice of medication for 38% of
their patients. This study suggests that a signif-
icant proportion of patients have frequent
nocturnal symptoms, and these appear to be the
patients with the worst COPD burden.

Given the detrimental effects of nocturnal
symptoms on sleep quality and patients’ daily
life and QoL, physicians should consider work-
ing with their patients with COPD to maximize
24-h symptom control. Current GOLD guideli-
nes recommend optimizing treatment if a
patient remains symptomatic [1]. As nocturnal
symptoms may be a consequence of poor dis-
ease control, the first step in treating sleep dis-
orders should be to optimize COPD treatment.
Physicians should seek to individualize

Fig. 4 Ten most frequent physician-reported comorbidities occurring in patients with nocturnal symptoms. CAD coronary
artery disease, GERD gastroesophageal reflux disease, PVD peripheral vascular disease
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treatment to maximize 24-h symptom control
and support patients’ adherence to mainte-
nance treatment (e.g., by consolidating any
multiple inhaler use into a single inhaler, where
fixed dose combinations allow). COPD inhalers
are typically dosed once or twice a day. It was
suggested that once-a-day treatment may neg-
atively influence sleep quality; however, studies
have since shown that both once- and twice-
daily medications offer similar bronchodilation
during the evening [12].

The results of our study complement those of
previous studies investigating sleep distur-
bances in patients with COPD [13, 14], and
there appears to be a bidirectional association
between poor sleep and COPD symptoms.
COPD symptoms such as cough and dyspnea
may lead to poor sleep, and poor sleep can
contribute to poor COPD-related outcomes [13].
Our results also showed that a higher propor-
tion of patients with COPD experiencing noc-
turnal symptoms every day suffered from
comorbidities such as hypertension, anxiety,

Table 2 Association between frequency of nocturnal COPD symptoms and overall activity impairment and health-related
QoL

Frequency of nocturnal COPD symptomsa

None
N = 161

< 1 time
per week
N = 243

1–2 times
per week
N = 193

3–6 times
per week
N = 60

Daily
N = 33

JSEQb N = 78 N = 136 N = 116 N = 31 N = 17

Mean score (SD)c 3.2 (4.60) 3.5 (3.80) 5.1 (3.49) 6.9 (5.09) 9.5 (5.16)

WPAI questionnaireb

Absenteeismd N = 21 N = 43 N = 32 N = 9 N = 0

Mean % (SD) 0.4 (1.98) 2.1 (6.47) 4.4 (17.91) 4.8 (14.29) N/A

Presenteeismd N = 26 N = 46 N = 39 N = 11 N = 0

Mean, % (SD) 15 (17.72) 22.2 (15.34) 26.7 (19.65) 24.5 (9.34) N/A

Overall work impairmentd N = 21 N = 43 N = 31 N = 9 N = 0

Mean (%) impairment (SD) 15.4 (19.01) 23.5 (17.18) 24.5 (16.29) 27.8 (15.63) N/A

Total activity impairment N = 81 N = 134 N = 114 N = 31 N = 16

Mean (%) impairment (SD) 26.4 (24.41) 32.1 (21.97) 41.1 (22.76) 35.2 (21.11) 66.9 (27.98)

EQ-5D-3Lb N = 83 N = 140 N = 117 N = 32 N = 17

Mean score (SD) 0.882 (0.157) 0.836 (0.160) 0.800 (0.173) 0.808 (0.164) 0.602 (0.230)

EQ-5D VASb N = 83 N = 138 N = 119 N = 31 N = 18

Mean score (SD) 75.3 (17.71) 73.1 (15.11) 68.6 (17.04) 68.5 (17.74) 44.2 (23.65)

COPD chronic obstructive pulmonary disease, EQ-5D(-3L) EuroQoL 5-Dimension (3-Level), JSEQ Jenkins Sleep Evalu-
ation Questionnaire, N/A not applicable, QoL quality of life, SD standard deviation, VAS visual analog scale, WPAI Work
Productivity and Activity Impairment
aData provided are physician-reported frequencies of nocturnal COPD symptoms
bData are presented for patients who completed the voluntary self-completion survey
cPatients with COPD had a mean JSEQ score of 4.2
dOnly patients in current employment completed work-related questions in the WPAI questionnaire
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depression, anemia, and GERD, compared with
patients experiencing less frequent night-time
symptoms, consistent with previous findings
[14].

A previous observational study showed that
more than half of patients experience COPD
symptoms throughout a 24-h period, with a
significant relationship between nocturnal,
early-morning, and daytime symptoms [15]. In
each period, symptoms were associated with
worse patient-reported outcomes, suggesting
that improving 24-h symptoms should be an
important consideration in the management of
COPD.

Our study has some limitations. First,
patients participating in DSP may not reflect the
general COPD population. Diagnosis of COPD
was required by a physician; however, some
patients may not have had spirometry on their
diagnosis algorithm. While minimal inclusion
criteria governed the selection of participating
physicians, participation was influenced by

willingness to complete the survey and by
pragmatic geographical considerations such as a
concentration of recruitment in urban areas.
However, our study represents a large variety of
individuals, and demographics from our study
are similar to those reported in other published
COPD studies [3, 16]. Recall bias may have
affected the responses of both patients and
physicians. However, the data for these analyses
were collected at the time of each patient’s
appointment, which should theoretically
reduce the likelihood of recall bias. In addition,
not all patients agreed to participate in the
voluntary self-completion survey; as a result,
JSEQ, EQ-5D-3L, and WPAI questionnaire data
were not available for all patients described in
other summaries. Finally, JSEQ quantification of
sleep disturbances is based on a recall of the past
4 weeks, whereas the EQ-5D-3L is measured on
the survey date and WPAI is based on patient
recall over the last 7 days; hence, these variables
were measured at different timepoints. As the

Fig. 5 Physician-reported impact of COPD on patients’ daily life and activities. COPD chronic obstructive pulmonary
disease
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collecting dates were very similar, it can be
considered acceptable temporal disparity for
making comparisons.

Despite these limitations, real-world studies
can provide valuable insights and play an
important role in identifying areas of concern
that may not be captured in a clinical trial.
Clinical trials often have stringent eligibility
criteria, and, as a result, participating patients
often represent a small proportion of the real-

world population [17]. In addition, adherence
to therapy is likely to be lower among patients
treated in a real-life clinical setting compared
with clinical trials [18]. Data from real-world
studies can therefore complement clinical trial
data and provide insights into the effectiveness
of interventions in patients commonly treated
in routine clinical practice.

Fig. 6 Patient-reported frequency (A) and timing (B) of maintenance medication for COPD during the past 4 weeks.
COPD chronic obstructive pulmonary disease
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CONCLUSIONS

Daytime and nocturnal symptoms are common
among patients with COPD. Frequency of noc-
turnal symptoms was related to significant
impairment in activity and health-related QoL.
As a first step to reduce sleep complaints and
increase sleep quality among patients with
COPD, health care professionals should opti-
mize COPD treatment as recommended in cur-
rent guidelines. Maximizing 24-h symptom
control will likely minimize both daytime and
nocturnal symptoms in patients with COPD.
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