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Background: Respiratory symptoms are increasingly recognized as an important consideration 

in COPD management. Understanding the links between the time(s) of day symptoms are 

experienced and overall symptom burden could support personalized management strategies. 

This real-world study aimed to establish the association between the time of day of symptoms 

and the burden on patients using validated patient-reported outcomes, health care resource 

utilization, and physician-perceived impact of COPD on patients’ lives.

Materials and methods: Analyses used data from four waves (2012, 2013, 2014, and 2016) 

of the Respiratory Disease Specific Programme: cross-sectional surveys of patients with COPD 

in Germany, Italy, Spain, and the UK. Patients were classified by their physicians as having 

symptoms in the morning (M), daytime (D), and/or nighttime (N) in the 4 weeks before enter-

ing the Disease Specific Programme. Outcomes included health care resource utilization, work 

productivity and activity impairment, COPD Assessment Test, EuroQol 5-dimension 3-level 

questionnaire with visual analog scale, and Jenkins Sleep Evaluation Questionnaire.

Results: In total, 8,844 patients were included, and 8,185 had evaluable time-of-day symptom 

data. Physicians reported that in the previous 4 weeks, 25% of patients experienced no symp-

toms, 16% D only, 17% M/D only, 6% D/N only, 4% M, N, or M/N only, and 32% M/D/N. 

In general, patients with M/D/N symptoms utilized more health care resources in the previous 

12 months, had more prior exacerbations, and reported worse activity impairment, health status, 

and sleep than other symptom groups, whereas patients with symptoms at any time of the day 

utilized more resources, experienced more exacerbations, and reported worse health status than 

patients with no symptoms during the 4 weeks before entering the survey.

Conclusion: Patients experiencing morning, daytime, and nighttime symptoms experience 

a greater disease burden than those in other groups. An individualized approach to COPD 

treatment based on the timing and persistence of symptoms may improve outcomes for these 

patients.

Keywords: work productivity, health status, health care resource utilization, activity impairment, 

sleep, real world

Introduction
Patients with COPD experience a range of respiratory symptoms that can impact 

daily activities, sleep, and quality of life. These include breathlessness, cough, 

sputum production, and chest tightness,1 with patients reporting breathlessness as 

the most problematic symptom.2 The 2011 major update to the Global initiative for 

chronic Obstructive Lung Disease (GOLD) report included revised recommenda-

tions for assessing COPD that placed a greater emphasis on respiratory symptoms 
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and exacerbation risk.3 The next major update in 2017 took 

this further by removing spirometric assessment of airflow 

obstruction from the assessment tool.4 These new recom-

mendations categorize patients according to symptom burden 

and exacerbation history to guide decisions on appropriate 

therapy, whereas spirometric measures of airflow are seen 

as a separate assessment primarily for diagnosis.

There is a high degree of variation in the symptom burden 

experienced by different patients, particularly with regard 

to the time of day these symptoms are experienced and the 

impact this has on various aspects of health-related quality 

of life.1,5,6 In terms of COPD symptoms, time of day can 

be broadly separated into three categories – early morning, 

daytime, and nighttime – each of which can have a distinct 

impact on patients’ lives. Several studies have reported 

that early morning is the most common time to experience 

symptoms,1,2,7 and severe symptoms at this time of day are 

associated with difficulties in performing daily activities such 

as washing and dressing,1,2 as well as an increased risk of 

exacerbations8 and more frequent use of rescue medication.7 

Moreover, morning symptoms have been negatively associ-

ated with physical activity.9 Respiratory symptoms are known 

to impact patients’ activity levels – breathlessness and muscle 

fatigue lead to exercise intolerance, which results in a vicious 

cycle of physical inactivity.10 This exercise limitation occurs 

even in early disease11 and leads to a poorer prognosis.12 Con-

trolling morning symptoms has, therefore, been suggested to 

be a priority in COPD management.9 Nighttime symptoms, 

while found to be less prevalent than early-morning or 

daytime symptoms in most studies, are associated with an 

increased risk of cardiac comorbidities, COPD exacerbations, 

and all-cause mortality.13 An additional concern with regard 

to nighttime symptoms is their impact on sleep disturbance, 

which is associated with wider health implications.14

The ASSESS study of 727 patients with stable COPD 

found that although symptoms were more prevalent in the 

early morning and daytime than at night, almost two-thirds of 

patients (63%) experienced nighttime symptoms.1 In addition, 

this study also determined that 80% of patients experienced 

symptoms in at least two parts of the day and 57% had symp-

toms in all three periods. Furthermore, patients experiencing 

symptoms in more than one part of the day had poorer health 

status than those with symptoms in only one part of the day, 

and those experiencing symptoms in all three parts of the 

day had more anxiety, depression, and sleep disturbance than 

those with symptoms in one or two parts of the day.1

Thus, the time of day in which patients experience 

COPD symptoms may have a considerable influence over 

the symptom burden and overall health status. A better 

understanding of the time of day symptoms occur and of the 

impact of these symptoms on patients’ lives may enable the 

development of improved and more personalized manage-

ment strategies and ultimately benefit patients’ quality of life. 

Although the presence of symptoms at particular times of the 

day has previously been shown to affect disease burden, few 

studies have investigated the full range of specific impacts 

contributing to overall disease burden when patients experi-

ence symptoms across the entire 24 h period, as compared 

with those who experience infrequent symptoms or symp-

toms in only one or two parts of the day. Therefore, the aim 

of this novel analysis of survey-based data was to evaluate 

the association between different timing patterns of symp-

toms (during one, two, and multiple parts of the day) and the 

burden experienced by patients, as measured by health care 

resource utilization (HCRU) and several validated patient-

reported outcomes (PROs).

Materials and methods
Study design
The Disease Specific Programme (DSP) is a point-in-time 

survey of physicians and their matched patients, which aims 

to provide insights into real-world clinical practice across 

multiple countries for a range of chronic diseases. The 

general methodology used in the survey has been described 

previously.15 Briefly, a geographically representative sample 

of eligible physicians was asked to provide information 

on their next five to six eligible patients by completing an 

interview and a patient record form. The patients were also 

invited to complete a patient self-completion form imme-

diately after consultation. Consenting patients responded 

to the survey confidentially. Unique identification numbers 

assigned to physicians and patients permitted linked analysis 

of the completed surveys. Physician- and patient-completed 

forms were collected by local fieldworkers, with the iden-

tifying information removed before submission of surveys 

for analysis.

Data for this analysis were taken from four waves (2012, 

2013, 2014, and 2016) of the Respiratory DSP, from patients 

with COPD in Germany, Italy, Spain, and the UK, and stratified 

into novel groups based on whether the COPD symptoms were 

experienced in the early morning, daytime, and/or nighttime.

Study subjects
Primary care physicians (PCPs) and pulmonologists were 

eligible to participate in the Respiratory DSP if they quali-

fied as a physician between 5 and 35 years ago and were 
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responsible for the treatment of COPD. Eligible patients 

were .40 years of age, with confirmed airflow obstruction 

and a diagnosis of COPD (including emphysema and chronic 

bronchitis). Patients with a concomitant diagnosis of asthma 

were excluded.

Classification of time of day of symptoms
For the purposes of this analysis, patients were classified 

according to the time or times of day symptoms were 

experienced within the previous 4 weeks, as reported by 

the physician, based on their judgment following consul-

tation with the patient. The time of day was classified as 

early morning (defined as “first thing in the morning”, “on 

awakening”, and “immediately on awakening” in the 2012, 

2013, and 2014/2016 DSP waves, respectively); daytime 

(defined as “daytime”, “during the day”, “during the morn-

ing/during the rest of the day”, and “during the rest of 

the day” in the 2012, 2013, 2014, and 2016 DSP waves, 

respectively); nighttime (defined as “nighttime”, “during 

the night”, and “overnight” in the 2012, 2013/2014, and 

2016 DSP waves, respectively [the terms “last thing in the 

evening”, “at patient’s bedtime”, and “during the evening” 

in the 2012, 2013, and 2016 DSP waves were excluded]); or 

combinations of these. In defining whether patients experi-

enced symptoms in each time period, responses of “once or 

twice a week”, “3–6 times a week”, and “every day” were 

included and responses of “not at all” and “less than once a 

week” were excluded. Patients with responses of “not at all” 

or “less than once a week” for all three time periods in the 

previous 4 weeks were classified as having no symptoms. 

Due to relatively few patients experiencing symptoms in 

the morning and/or nighttime, these categories were pooled 

into a single group. Therefore, the six categories used in 

this analysis were: no symptoms; daytime only (D only); 

morning and daytime only (M/D only); daytime and night-

time only (D/N only); morning, nighttime, or morning and 

nighttime only (M, N, or M/N only); or morning, daytime, 

and nighttime (M/D/N).

Outcome variables
Outcome variables were either recorded directly by the patient 

or physician or derived from the patient record forms or 

patient self-completion forms. Descriptive variables included 

age, sex, body mass index, smoking status, most recent 

postbronchodilator forced expiratory volume in 1  second 

(FEV
1
 % predicted), and GOLD (2017) group (calculated 

from collected variables).4 HCRU data, including number of 

physician visits for COPD, number of exacerbations requiring 

hospitalization, and cumulative number of inpatient nights 

in the 12 months prior to the survey, were provided by the 

physicians. Other outcomes were recorded using a series of 

validated PRO tools: activity impairment was assessed using 

the Work Productivity and Activity Impairment: Specific 

Health Problem (WPAI:SHP) questionnaire,16 adapted for 

COPD; impact of COPD symptoms was assessed using the 

COPD Assessment Test (CAT);17 health status was evalu-

ated using the EuroQol 5-dimension 3-level questionnaire 

(EQ-5D-3L) and a standard vertical 20  cm visual analog 

scale (EQ-VAS);18 and sleep quality was assessed using the 

Jenkins Sleep Evaluation Questionnaire (JSEQ).19

Statistical analysis
Patient demographics and clinical characteristics were sum-

marized by descriptive statistics. Kruskal–Wallis tests were 

used to determine the statistical significance of outcomes 

across patient groups and to provide a nominal p-value, 

and Bonferroni-adjusted Mann–Whitney U-tests were used 

to determine the statistical significance of differences in 

outcomes between pairs of patient groups. All analyses were 

performed in Stata v14 (StataCorp LLC, College Station, 

TX, USA).

Ethics approval and informed consent
The research was conducted as a market research survey in 

accordance with the amended Declaration of Helsinki, adher-

ing to the International Chamber of Commerce/European 

Society for Opinion and Marketing Research code on obser-

vational research. Institutional review board approval was, 

therefore, not required or sought.

Patients anonymously provided their consent to partici-

pate in this study by checking a box to confirm their consent 

after having read information about the research and the 

subsequent use of data.

Results
Study population
In total, 607 physicians and 8,844 patients were included 

across the four waves (2,176 from 2012, 2,180 from 2013, 

2,209 from 2014, and 2,279 from 2016). The four countries 

were evenly represented in terms of patient numbers, with 

2,283 patients from Germany, 2,255 from Italy, 2,285 

from Spain, and 2,021 from the UK. Of the 8,185 patients 

who had evaluable data for the time-of-day symptom 

analysis, 48.5% were recruited by PCPs and 51.5% by 

pulmonologists.
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Patient demographics and clinical characteristics are 

summarized in Table 1. The majority of patients were male 

(69.2%), and 66.6% were ex-smokers. Patients were most 

likely to be categorized as GOLD (2017) group B (53.2%) or 

D (35.5%), suggesting that most patients in this sample were 

symptomatic. Patient characteristics were similar across all 

four waves (data not shown). Most patients ($94%) were 

receiving at least one maintenance therapy for COPD, includ-

ing long-acting β
2
-agonists (LABA), long-acting muscarinic 

antagonists (LAMA), and/or inhaled corticosteroids (ICS). 

The most commonly prescribed maintenance regimens were 

ICS+LABA+LAMA (in two or three devices; 37.5%), LAMA 

alone (20.6%), ICS+LABA (in one or two devices; 16.4%), 

LABA+LAMA (in one or two devices; 11.8%), and LABA 

alone (4.7%), as shown in Table 1. Most patients reported 

either M/D/N symptoms (32.4%) or no symptoms (25.2%) 

in the previous 4 weeks (Figure 1). Across the four waves,  

the percentage of patients suffering any M, D, or N symptoms 

ranged between 44% and 63%, 67% and 77%, and 36% and 

45%, respectively.

Health care resource utilization
The mean numbers of COPD-related PCP and pulmonologist 

consultations in the last 12 months by time of day of symp-

toms are presented in Figure 2A and B, respectively. In the 

12 months prior to the survey, patients experiencing D only, 

D/N only, and M/D/N symptoms visited PCPs significantly 

more frequently than patients experiencing no symptoms 

(3.1, 3.8, and 4.4 visits vs 2.8 visits, respectively; all p,0.05; 

Figure 2A). Additionally, patients with D/N only or M/D/N 

symptoms visited PCPs significantly more frequently than 

patients with symptoms at other times of the day (all p,0.001; 

Figure 2A). Patients experiencing D only, M/D only, D/N 

only, and M/D/N symptoms visited pulmonologists signifi-

cantly more frequently (2.1–2.8 visits) than patients expe-

riencing no symptoms (1.7 visits; all p,0.001; Figure 2B). 

Furthermore, patients experiencing M/D/N symptoms visited 

pulmonologists significantly more frequently than any other 

group of patients (2.8 visits), including patients with D/N 

only symptoms (all p,0.005; Figure 2B).

The mean numbers of COPD-related exacerbations 

leading to emergency room visits or hospital admissions 

in the last 12 months by the time of symptoms are shown 

in Figure 3A and B, respectively. In the 12 months prior 

to the survey, patients experiencing symptoms at any time 

Table 1 Patient demographics and clinical characteristicsa

Overall 
(N=8,844)

DSP wave, n (%)
2012
2013
2014
2016

2,176 (24.6)
2,180 (24.6)
2,209 (25.0)
2,279 (25.8)

Mean age, years (SD)b 66.3 (10.3)
Male, n (%) 6,115 (69.2)
Mean body mass index, kg/m2 (SD) 26.6 (4.6)
Smoking status, n (%) 

Current smoker 
Ex-smoker 

2,763 (33.4)
5,514 (66.6)

Mean postbronchodilator FEV1, % predicted (SD) 62.3 (17.7)
GOLD group (2017), n (%) 

A
B
C
D

468 (10.3)
2,419 (53.2)
47 (1.0)
1,615 (35.5)

Current prescribed therapy, n (%)
SABA, SAMA, or SABA/SAMA
LABA alone
LAMA alone
ICS alone
ICS+LABAc

ICS+LAMAd

LABA+LAMAc

ICS+LABA+LAMAe

Other

332 (3.8)
409 (4.7)
1,798 (20.6)
190 (2.2)
1,431 (16.4)
88 (1.0)
1,029 (11.8)
3,264 (37.5)
172 (2.0)

Notes: aData shown are for patients with evaluable data for each characteristic. 
bFor calculation of descriptive statistics, patients reported to be .90 years of age 
(0.8%) were assumed to be 90 years of age, in order to protect patient identity. 
cIn one or two devices. dIn two devices. eIn two or three devices.
Abbreviations: DSP, Disease Specific Programme; FEV1, forced expiratory 
volume in 1 second; GOLD, Global initiative for chronic Obstructive Lung Disease;  
ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic 
antagonist; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist.

Figure 1 Percentage of patients experiencing symptoms (previous 4 weeks), by 
time of day of symptoms.
Abbreviations: D only, daytime only; D/N only, day and nighttime only; M/D only, 
morning and daytime only; M/D/N, morning, daytime, and nighttime; M, N, or M/N 
only, morning or nighttime, or morning and nighttime only.
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of the day (D only; M/D only; D/N only; M, N, or M/N 

only; and M/D/N) had significantly more exacerbations 

requiring emergency room visits (0.1–0.3) or leading to 

hospital admissions (0.1–0.5) than patients experiencing no 

symptoms (both 0.0; all p,0.001; Figure 3). Additionally, 

patients experiencing M/D/N symptoms had significantly 

more exacerbations requiring emergency room visits or 

leading to hospital admissions (0.3 and 0.5, respectively) 

than any other group of patients (all p,0.001), with the 

exception of exacerbations requiring emergency room visits 

Figure 2 Mean number of (A) PCP consultations or (B) pulmonologist consultations (last 12 months).
Note: ap-values for comparisons generated by Bonferroni-adjusted Mann–Whitney U-test. 
Abbreviations: D only, daytime only; D/N only, day and nighttime only; M/D only, morning and daytime only; M/D/N, morning, daytime, and nighttime; M, N, or M/N only, 
morning or nighttime, or morning and nighttime only; NS, nonsignificant; PCP, primary care physician.

Figure 3 Mean exacerbations leading to (A) ER visits or (B) hospital admissions (last 12 months).
Note: ap-values for comparisons generated by Bonferroni-adjusted Mann–Whitney U-test.
Abbreviations: D only, daytime only; D/N only, day and nighttime only; ER, emergency room; M/D only, morning and daytime only; M/D/N, morning, daytime, and nighttime; 
M, N, or M/N only, morning or nighttime, or morning and nighttime only; NS, nonsignificant.
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in D/N only patients, where the difference was not significant 

(p=0.085; Figure 3).

The mean cumulative numbers of inpatient nights and 

nights in intensive care due to exacerbations are shown in 

Figure 4A and B, respectively. In the 12 months prior to the 

survey, patients experiencing symptoms at any time of the 

day had more inpatient nights as a result of exacerbations than 

patients experiencing no symptoms (all p,0.001; Figure 4A). 

Patients with M/D only, D/N only, or M/D/N symptoms spent 

more nights in intensive care than patients experiencing no 

symptoms (all p,0.05; Figure 4B). Furthermore, patients 

experiencing M/D/N symptoms had more inpatient and 

intensive-care-unit nights than any other group of patients 

(all p,0.001; Figure 4).

PROs
Work productivity and activity impairment
Percentage overall work impairment and percentage activity 

impairment by the time of symptoms are shown in Figure 5A 

and B, respectively. Work impairment-related questions in 

the WPAI:SHP questionnaire were answered by employed 

patients only, resulting in smaller patient numbers for this 

outcome. Patients experiencing D only, M/D only, D/N 

only, or M/D/N symptoms reported significantly higher 

mean overall work impairment (25.5%–41.2%) than patients 

experiencing no symptoms (16.2%; all p,0.001; Figure 5A). 

Patients experiencing M/D/N symptoms reported the highest 

mean overall work impairment (41.2%), which, with the 

exception of D/N only, was significantly higher than any other 

symptom group (p,0.001). Additionally, patients with D/N 

only symptoms reported a mean overall work impairment of 

37.2%, which was significantly higher than that of patients 

with D only or M, N, or M/N only symptoms (both p,0.05). 

Activity impairment followed a similar pattern; patients expe-

riencing symptoms at any time of the day reported signifi-

cantly higher mean activity impairment (33.7%–56.4%) than 

patients experiencing no symptoms (24.6%; all p,0.001; 

Figure 5B). Patients experiencing M/D/N symptoms, who 

reported the highest level of activity impairment (56.4%), 

had significantly higher mean activity impairment than any 

other symptom group (all p,0.001; Figure 5B). Additionally, 

patients with D/N only symptoms reported a mean activity 

impairment of 45.0%, which was significantly higher than 

that reported by patients experiencing D only or M, N, or 

M/N only symptoms (both p,0.001; Figure 5B).

Health status and impact of COPD symptoms
Patients experiencing symptoms at any time of the day 

had significantly higher mean CAT scores (18.4–25.7) 

than those patients experiencing no symptoms (14.2; all 

p,0.001; Figure 6). Furthermore, patients experiencing 

M/D/N symptoms had the highest mean CAT score (25.7), 

which was significantly higher than any other symptom group 

(18.4–21.5; all p,0.001; Figure 6). Additionally, patients 

Figure 4 Mean cumulative (A) inpatient nights and (B) intensive care nights as a result of exacerbations.
Note: ap-values for comparisons generated by Bonferroni-adjusted Mann–Whitney U-test.
Abbreviations: D only, daytime only; D/N only, day and nighttime only; M/D only, morning and daytime only; M/D/N, morning, daytime, and nighttime; M, N, or M/N only, 
morning or nighttime, or morning and nighttime only; NS, nonsignificant.
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experiencing D/N only symptoms had a mean CAT score 

of 21.5, which was significantly higher than the mean CAT 

scores of patients experiencing D only or M, N, or M/N only 

symptoms (both p,0.001; Figure 6). 

Health status, as measured by EQ-5D-3L and EQ-VAS 

(Figure 7A and B, respectively) followed a similar pattern 

to CAT score. Patients with symptoms at any time of the 

day reported lower scores (EQ-5D-3L: 0.69–0.86; EQ-VAS: 

56.3–68.6) than patients experiencing no symptoms 

(EQ-5D-3L: 0.89; EQ-VAS: 72.7; all p,0.05; Figure 7). 

Once again, patients with M/D/N symptoms reported the 

worst scores (EQ-5D-3L: 0.69; EQ-VAS: 56.3), which were 

significantly lower than those reported by patients in any 

other symptom group (all p,0.001; Figure 7).

Sleep quality
Patients experiencing symptoms at any time of the day had 

poorer sleep quality, as indicated by higher JSEQ scores 

(3.6–8.3), than patients with no symptoms (2.3; all p,0.001; 

Figure 8A). Furthermore, patients with M/D/N symptoms had 

the highest mean JSEQ score (8.3), which was significantly 

higher than that of patients in any other symptom group (all 

p,0.001; Figure 8A). Additionally, patients experiencing 

D/N only symptoms had a JSEQ score of 5.6, which was sig-

nificantly higher than that of patients with D only, M/D only, 

or M, N, or M/N only symptoms (all p,0.001; Figure 8A). 

When considering the impact of COPD on their sleep, the 

impact reported by patients experiencing M/D/N symptoms 

was significantly different to that reported by any other 

symptom group (all p,0.001), with 71% of M/D/N patients 

reporting a medium, high, or constant impact (Figure 8B). 

Figure 5 Mean percentage of (A) overall work impairment and (B) activity impairment as measured by WPAI:SHP questionnaire.b

Notes: ap-values for comparisons generated by Bonferroni-adjusted Mann–Whitney U-test. bWork impairment-related questions were answered by employed patients only, 
resulting in a smaller patient base.
Abbreviations: D only, daytime only; D/N only, day and nighttime only; M/D only, morning and daytime only; M/D/N, morning, daytime, and nighttime; M, N, or M/N only, 
morning or nighttime, or morning and nighttime only; NS, nonsignificant; WPAI:SHP, Work Productivity and Activity Impairment: Specific Health Problem.

Figure 6 Mean CAT score.
Note: ap-values for comparisons generated by Bonferroni-adjusted Mann–Whitney 
U-test. 
Abbreviations: CAT, COPD Assessment Test; D only, daytime only; D/N only, 
day and nighttime only; M/D only, morning and daytime only; M/D/N, morning, 
daytime, and nighttime; M, N, or M/N only, morning or nighttime, or morning and 
nighttime only; NS, nonsignificant.
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Additionally, 58% of patients with D/N only symptoms 

reported a medium, high, or constant impact on sleep, com-

pared with 21%–39% of patients in the remaining symptom 

groups (Figure 8B).

Discussion
In this analysis of survey-based, real-world data, we found 

that patients who experienced COPD symptoms at any time 

of the day over a 4-week period utilized significantly more 

Figure 7 Mean (A) EQ-5D-3L and (B) EQ-VAS scores.
Note: ap-values for comparisons generated by Bonferroni-adjusted Mann–Whitney U-test.
Abbreviations: D only, daytime only; D/N only, day and nighttime only; EQ-5D-3L, EuroQol 5-dimension 3-level questionnaire; EQ-VAS, EuroQol visual analog scale; M/D only, 
morning and daytime only; M/D/N, morning, daytime, and nighttime; M, N, or M/N only, morning or nighttime, or morning and nighttime only; NS, nonsignificant.

Figure 8 (A) Mean JSEQ score and (B) patient-reported impact of COPD on patients’ sleep.
Note: ap-values for comparisons generated by Bonferroni-adjusted Mann–Whitney U-test. 
Abbreviations: D only, daytime only; D/N only, day and nighttime only; JSEQ, Jenkins Sleep Evaluation Questionnaire; M/D only, morning and daytime only; M/D/N, morning, 
daytime, and nighttime; M, N, or M/N only, morning or nighttime, or morning and nighttime only; NS, nonsignificant.
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health care resources and had more exacerbations in the 

previous 12 months, experienced greater impairment of work 

and activity, and had poorer health status and sleep quality 

than patients with no symptoms in the 4 weeks prior to visit-

ing their physician. Patients experiencing symptoms during 

all three parts of the day over 4 weeks – in the morning, 

daytime, and nighttime – utilized significantly more health 

care resources, and had more exacerbations in the previous 

12 months and suffered a greater impact on activity, health 

status, and sleep quality than patients in all other symptom 

groups. As such, these patients had the worst disease burden, 

and therefore stand to benefit most from management strate-

gies that take into account the reduction of symptoms as a 

treatment goal.

Previous studies have demonstrated that the time of day 

COPD symptoms are experienced can have different impacts 

on health status and quality of life.2,7,13 However, while we 

recognize that certain times of the day are associated with 

specific impacts, we report here that the presence of symp-

toms during multiple parts of the day, rather than the time 

of day they occur per se, has a greater overall impact on 

health outcomes.

We found that patients most commonly experienced 

symptoms in all three parts of the day, which is consis-

tent with published data from the ASSESS study.1 While 

ASSESS was the first study to demonstrate associations 

between symptoms in each part of the 24 h day and outcomes 

including CAT score, sleep quality, and HCRU,1,20 we have 

confirmed these findings in a much larger population and 

expanded them to demonstrate that this symptom pattern 

has additional impacts on work productivity, activity, and 

health status measured by the EQ-5D-3L. This shows that a 

large proportion of COPD patients stand to benefit – through 

potential improvements in many aspects of the COPD disease 

burden – from a greater recognition of symptom burden in 

COPD treatment guidelines. Our finding that these patients 

had greater HCRU in the previous 12 months than other 

symptom groups (building on the finding from ASSESS that 

patients with symptoms in all three parts of the day made 

more visits to PCPs)20 suggests that improving 24 h symptom 

control could alleviate the economic burden associated with 

COPD. These data also highlight an association between 

increased incidence of exacerbations requiring hospital visits 

and the presence of symptoms during multiple parts of the 

day, further demonstrating the importance of evaluating the 

timing of symptoms when deciding management options.

The use of validated PRO tools, such as those used in this 

analysis, enables quantification of the impact of COPD symp-

toms on patients in a real-world setting. While breathlessness 

is considered to be the most characteristic COPD symptom 

and has historically been used to quantify symptoms, the 

most recent GOLD guidelines state that a more thorough and 

detailed assessment of symptoms (including cough, sputum, 

and chest tightness) and their impact on health status, using 

tests such as the CAT, is required to adequately quantify the 

symptom burden.4 We report here that incremental increases 

in symptom burden in patients with morning, daytime, and 

nighttime symptoms are reflected by the CAT score, with 

patients reporting symptoms in all three parts of the day 

having significantly higher CAT scores than those reporting 

symptoms in only one or two parts of the day. However, the 

mean CAT score of patients experiencing no symptoms over 

a 4-week period in this study was higher than 10 (the cutoff 

usually used to define low impact of symptoms). This sug-

gests that although these patients’ symptoms were apparently 

controlled and stable over the 4-week period assessed, they 

nonetheless experience an impact on daily life as a result of 

their COPD and would be classified as symptomatic accord-

ing to the GOLD 2017 assessment tool. This may also reflect 

the fact that certain items in the CAT, namely those related 

to energy levels and confidence to leave the house, can still 

impact patients, even though symptoms have stabilized in 

the short term.

Our results demonstrate that activity limitation and 

work impairment are two important aspects of the COPD 

symptom burden that are affected by persistent symptoms. 

Although morning symptoms are perceived by patients 

to have the greatest impact on performing specific daily 

activities,2,6 we found that patients experiencing symptoms 

either in the daytime and nighttime or in all three parts of 

the day had greater overall impairment of work productivity 

and activity than patients with symptoms in the morning, 

nighttime, or morning and nighttime only or in the daytime 

only. Similarly, two recent papers by Ding et al report that 

greater frequency and overall burden of COPD symptoms 

are associated with poorer health status and increased work 

and activity impairment,21,22 and a recent systematic review 

found morning symptoms to be associated with a sedentary 

lifestyle and a negative impact on physical activity.9 Our 

analysis builds on this previous evidence to show that the 

timing pattern of symptoms (whether the symptoms are 

spread across multiple parts of the day) may have a greater 

impact on activity limitation than simply the frequency of 

symptoms or whether symptoms are experienced specifically 

in the morning. 

Activity limitation is a consequence of COPD symptoms 

that has a severe impact on patients’ daily routine and quality 

of life;8 however, evidence shows that patients are unlikely 
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to discuss this with their physicians.23 Additionally, GOLD 

2017 suggests that some patients report minimal symptoms 

because they are self-limiting their activity in order to 

avoid triggering symptoms; therefore, although their COPD 

appears to be well controlled, they would likely benefit from 

improved management of their COPD.4 It will, therefore, 

be important to give due consideration to this aspect of the 

COPD symptom burden in the development of personalized 

treatment approaches.

Sleep disruption may be considered a direct result of 

nighttime symptoms; however, we found that patients 

experiencing symptoms in the daytime and nighttime or 

in all three parts of the day had higher JSEQ scores and 

perceived a greater impact on their sleep than patients with 

symptoms in the morning or nighttime, or morning and 

nighttime only. While this analysis did not monitor symptom 

severity, experiencing symptoms in all three parts of the day 

has previously been reported to correlate with more severe 

dyspnea.1 This greater severity of symptoms may account for 

the increased sleep disruption we observed. The impact of 

persistent symptoms on sleep is of particular clinical concern, 

as sleep disruption is associated with worse symptoms, poorer 

health status, and higher risks of exacerbations and mortality 

in COPD, as well as increased risks of anxiety and depres-

sion and poorer health-related quality of life.14,24–26 Sleep 

impairment has also been associated with reduced daytime 

physical activity (the implications of which are discussed 

above), and therefore, managing nighttime symptoms could 

have far-reaching therapeutic benefits.27 It may, therefore, be 

valuable to evaluate the presence of nighttime symptoms and 

their potential impact on sleep quality, in order to identify 

patients with a greater risk of poor outcomes to ensure they 

receive adequate treatment.

A limitation of this analysis is that the 4-week time period 

over which symptoms were assessed did not align with the 

time frame of all outcomes. Although the WPAI:SHP, CAT, 

health status, and sleep outcomes covered the same period 

as the physician-reported symptom assessment, HCRU and 

exacerbations were assessed over a much longer time period 

of 1 year prior to the physician visit. Consequently, a causal 

relationship cannot be inferred; however, the results clearly 

indicate an association between these factors.

Some characteristics of the population recruited to the 

survey may limit the generalizability to the general COPD 

patient population. First, the proportion of patients recruited 

by pulmonologists is likely higher than that generally seen 

in clinical practice; therefore, the analysis may be biased 

toward patients with more severe COPD. Second, the analysis 

population included a high proportion of patients in GOLD 

groups B and D. Our findings may, therefore, not be fully 

generalizable to less symptomatic patients or those with 

less severe disease; however, our conclusion that clinicians 

should consider the time(s) of day the symptoms occur and 

manage patients accordingly to reduce the resultant burden 

applies throughout the general COPD population.

The definitions of morning, daytime, and nighttime in this 

study reflect the real-world nature of the survey approach, 

which limited the precision of the time-of-day classifica-

tions in this analysis. However, ambiguous responses such 

as “during the evening” were excluded to make the clas-

sifications as precise and valid as possible. Other, more 

general limitations of the DSP approach have been discussed 

previously.15 The methodology used to select the samples is 

not truly random, and leaves the survey open to potential 

participation bias. Similarly, the collection of symptom data 

depends upon accurate recall and interpretation by the patient 

and physician, introducing the possibility of inaccuracies. 

For example, the time-of-day classification is subjective and 

open to recall bias; although this assessment was based on 

physician reporting, the information was obtained through 

consultation with the patient. Equally, patients experiencing 

severe symptoms may have been more likely to remember 

them as occurring more persistently, which could have 

influenced the results. However, with these limitations in 

mind, the strength of the DSP approach is that it provides 

a “snapshot” of large numbers of patients with COPD in a 

real-world clinical setting, increasing the likelihood that 

conclusions are relevant to the wider population.

Conclusion
Our results demonstrate that patients who experience symp-

toms in all three parts of the day – morning, daytime, and 

nighttime – have worse PROs, greater prior HCRU (implying 

higher health economic costs), and a greater disease burden 

than those with symptoms in only one or two parts of the 

day. Although previous studies have identified aspects of the 

disease burden associated with symptoms at specific times of 

day, our findings suggest that the distribution of symptoms 

throughout multiple parts of the day also has a significant 

impact on multiple outcomes. Clearer recognition of symp-

tom burden and an individualized treatment approach may 

be warranted for patients who experience persistent COPD 

symptoms, especially for those experiencing morning, 

daytime, and nighttime symptoms.
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