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Purpose: The morning is the most bothersome period for COPD patients. Morning symptom
severities in different Global Initiative for Chronic Obstructive Lung Disease (GOLD)
stages are not well studied. Furthermore, factors that are associated with morning symptoms,
especially the associations with objectively measured physical activity, are also not well
described.

Materials and methods: The aim of this cross-sectional observational study was to assess
morning symptom severity in GOLD A, B, C and D patients, according to the definitions of
the GOLD 2015 statement. Morning symptoms were assessed with the PRO-Morning COPD
Symptoms Questionnaire. Differences in morning symptom severity between different COPD
stages were assessed with a one-way analysis of variance followed by post hoc analyses. The
association between dyspnea severity (assessed with the modified Medical Research Council
scale), health status, airflow limitation, lung hyperinflation, anxiety and depression, inflammatory
parameters, exacerbations, objectively measured physical activity parameters retrieved from
accelerometry and morning symptom severity was evaluated using linear regression analysis.
Results: Eighty patients were included (aged 65.6+8.7 years, forced expiratory volume in
1 second [FEV ] % predicted 55.1£16.9). Mean (£SD) morning symptom score was 19.7 (£11.7).
Morning symptom severity was significantly different between COPD stages: mean (£SD) score
in GOLD A was 9.7 (£7.2), in GOLD B 19.8 (+10.7), in GOLD C 8.6 (+9.3) and in GOLD D
23.8 (£11.2) (»p<<0.001). Lower health status, more symptoms, increased anxiety and depres-
sion, less physical activity (all p<<0.001) and lower FEV, (p=0.03) were associated with an
increased morning symptom severity.

Conclusion: Patients with overall more symptomatic COPD have significant higher morning
symptom scores. Morning symptom severity was associated with important clinical outcomes:
lower health status, more symptoms, increased anxiety and depression, fewer steps a day, less
time in moderate and vigorous physical activity with bouts of at least 10 minutes and lower FEV .
The data suggest that morning symptoms should be carefully assessed in addition to assessment
by general COPD-specific questionnaires, especially in those with more symptomatic COPD.
More research is needed on potential therapies to improve morning symptoms; this study shows
potential targets for intervention.

Keywords: accelerometry, chronic obstructive pulmonary disease, physical activity, PRO-
Morning COPD Symptoms Questionnaire, morning symptoms

Introduction

COPD is the fifth leading cause of disability-adjusted life-years worldwide.! COPD
is characterized by airway obstruction, lung emphysema and chronic inflammation of
the airways. Airway obstruction is usually progressive over time but variability over
short time is low. Still, COPD symptoms vary throughout the day.? In recent years,
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it has become apparent that the morning is the most symp-
tomatic part of the day for most COPD patients.? A recent
review showed that the occurrence of morning symptoms in
COPD varies widely from 38.9% up to 94.4% of patients and
morning symptoms are present in all COPD severity classes.*
However, the prevalence of morning symptoms seems to be
heavily dependent on the used questionnaire.® In addition,
few studies assessed the severity of morning symptoms in
relation to COPD severity and identified factors that are
associated with morning symptoms.*%’

One of the important factors in COPD patients is physi-
cal activity. People with COPD are more physically inactive
compared to their healthy peers.®’ This is also reflected in
the observation that only 26% to 30% of patients with COPD
fulfilled the WHO physical activity recommendations.'®!!
The lack of sufficient physical activity is associated with
more exacerbations, hospitalizations, all-cause mortality!?
and lower quality of life.!* The aetiology of physical inac-
tivity in COPD patients is not completely understood. The
lack of activity could be due to the avoidance of pulmonary
symptoms, or it can be speculated that physical activity could
be arisk factor to develop COPD. Self-reported low physical
activity has been shown as a factor that is related with morn-
ing symptoms.? Half of the patients reported that they had
made changes in morning routines, even in simple tasks, due
to symptoms.'* However, to our knowledge, no studies have
been done that evaluate the relationship between objectively
measured physical activity by triaxial accelerometry and
morning symptoms.

The primary objective of the Morning symptoms
in-Depth observAtional Study (MODAS) was to assess
the severity of morning symptoms in different Global
Initiative for Obstructive Lung Disease (GOLD) stages.
The secondary objective was to evaluate the association
between dyspnea severity, health status, airflow limitation,
lung hyperinflation, anxiety and depression, inflammatory
parameters, exacerbations, objectively measured physical
activity parameters and morning symptom severity. We
hypothesized that patients in more advanced GOLD stages
have higher morning symptom scores. Furthermore, we
expect that morning symptom severity will be negatively
associated with physical activity.

Materials and methods

Study design

The MODAS was a single center, observational, cross-sectional
study that was conducted from September 2015 until February
2017 in the Netherlands. The medical ethics committee from

the Leiden University Medical Center (LUMC) approved
the study (protocol number NL51951.058.15).

Study subjects

Outpatients were recruited from a university medical center
(the LUMC), a regional hospital (the Alrijne hospital) and
were recruited by distributing flyers in local papers. Inter-
ested patients received the study information by letter. Upon
agreeing to participate, a visit was scheduled. All patients
gave written informed consent.

Patients were eligible if they had a diagnosis of COPD
by a physician, met the criteria for GOLD II-IV accord-
ing to the definitions of the GOLD statement" and were
aged 40 to 80 years, a general symptomatic patient group.
Furthermore, they had to be current smokers or ex-smokers
with a lifetime tobacco exposure of =10 pack years. Patients
were excluded if they had a diagnosis of asthma, history of
sensitization to allergens or significant other lung disease.
In addition, patients were excluded if they had comorbidities
that significantly impaired exercise capacity in the opinion
of the investigator (eg, severe polyneuropathy, leg amputa-
tion). Other exclusion criteria were current malignant dis-
eases or clinical signs of acute heart failure. Patients with
mental impairment that could result in noncompliance with
the study protocol were also excluded. Also, patients who
were currently enrolled in a rehabilitation program or with
an exacerbation in the previous 2 months were excluded.
An exacerbation was defined as sustained worsening of
respiratory symptoms during 48 hours and requiring oral
corticosteroid, antibiotic or a combination of this treatment
that was initiated by a physician, a visit to the emergency
department or hospitalization with or without intensive care
visit. Respiratory symptoms included at least one of the
Anthonisen criteria (increased dyspnea, sputum volume and
sputum purulence).'®

Study procedures and outcomes

The study consisted of one visit to the study center. Patients
were interviewed by a physician about their employment
status, smoking status and COPD exacerbations in the
previous year. Furthermore, morning symptoms, dyspnea
severity, health status and pulmonary function were assessed
and blood was drawn. All pulmonary function tests were
performed between 8.30 and 11.00 AM. Immediately follow-
ing this visit, the patients wore a triaxial accelerometer for 7
consecutive days. To collect information regarding possible
adverse events, patients were contacted by telephone after
these 7 days.
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The occurrence and severity of morning symptoms
were assessed with the PRO-Morning COPD Symptoms
Questionnaire.!” This questionnaire consists of six questions.
Patients rated the severity of dyspnea, sputum production,
chest tightness, wheezing and cough in the morning with a
Likert scale ranging from 0 to 10 points for each question:
0 points represent no symptoms and 10 points represent
symptoms as severe as they can imagine. Limitations in the
morning due to COPD were scored with the same Likert scale.
Total morning symptom scores ranged from 0 to 60. A total
score of 0 indicated no symptoms at all in the morning.

The American College of Sports Medicine (ACSM) and
the American Heart Association stated that adults should
perform moderate-intensity physical activity for a minimum
of 30 minutes (or bouts of at least 10 minutes) for 5 days
each week or vigorous-intensity physical activity for a mini-
mum of 20 minutes on 3 days each week.'® To objectively
measure physical activity, patients wore a validated triaxial
accelerometer (Dynaport MoveMonitor; McRoberts BV, The
Hague, the Netherlands)'*2! 24 hours a day for 7 consecu-
tive days after baseline visit. Due to non-water resistance,
patients were not allowed to wear the accelerometer while
taking a shower or a bath. Body posture and types of physi-
cal activity, as well the duration and intensity of the activity
were measured. Steps, total duration of active and inactive
periods, active time in light (1.5-3.0 metabolic equivalent
task [MET]), moderate- (3.0-6.0 MET) and vigorous-
intensity (6.0-9.0 MET) activities, number of active and
inactive periods and number of walking periods =10 seconds,
10-20 seconds and >20 seconds were taken as secondary
outcomes derived from the accelerometer. Additionally, to
take the activity guidelines of the ACSM into account, active
time in moderate physical activity (MPA), vigorous physical
activity and moderate-to-vigorous physical activity (MVPA)
in bouts of at least 10 minutes were measured. Activity was
defined as standing, shuffling and walking combined; inactivity
was defined as sitting and lying combined. Furthermore, the
accelerometer measured the time that it was not worn.

Symptom burden was assessed with the modified Medical
Research Council (mMRC) scale with scores ranging from
0 to 5.22 Health status was assessed using the COPD assess-
ment test (CAT).? Comorbidity was evaluated with the Charl-
son Comorbidity index (CCI).** High-sensitive C-reactive
protein was measured in serum. Total leukocyte cell counts as
well as absolute numbers of eosinophils were assessed. Lung
function was assessed post-bronchodilator via spirometry
(CareFusion, Masterscreen PFT System) following European
Respiratory Society (ERS)/American Thoracic Society (ATS)

standards.” Forced vital capacity (FVC) and forced volume in
one second (FEV ) were expressed in absolute and % predicted
values, respectively (based on Global Lung Function Initiative
2012).% Total lung capacity and residual volume (RV) were
measured by body box (CareFusion, Masterscreen Body),”
and RV was expressed in % predicted values (based on Euro-
pean Community for Coal and Steel). To assess hyperinfla-
tion, the ratio between RV and TLC was calculated. Severity
of COPD was reported as GOLD A-D based on symptoms
assessed with the mMRC, airway obstruction and exacerba-
tions in the previous year'® (Supplementary materials).

Statistical analysis

Descriptive data were reported as mean values + standard
deviations (SD) for continuous data with a normal distribution,
median with interquartile ranges (IQR) for continuous data
with a non-normal distribution or percentages for categorical
data. To assess whether there was a normal distribution, his-
tograms were made from each continuous individual variable
and the shapes of the histograms were carefully assessed.
Differences for age and gender between participants and
nonparticipants were analyzed with an independent -test
and a chi-square test, respectively. Differences in morning
symptom severity between COPD stages A, B, C and D were
assessed with a one-way analysis of variance followed by
post hoc analyses.

When the accelerometer was worn less than 22.5 hours a
day (94%), the day was excluded from analysis. Mean values
derived from the accelerometer were calculated as the mean
per patient only from valid days. When there was an adverse
event for which a health care provider visit was required
during the study period, the patient was excluded from activity
analysis since adverse events might have negative effects on
physical activity. The association between physical activity,
dyspnea severity, health status, anxiety and depression,
airflow limitation, lung hyperinflation, laboratory results, the
presence of at least one exacerbation in the previous year and
morning symptom severity was analyzed with univariable
linear regression analysis. We looked at the overall explained
variance (R?) of morning symptoms. In addition, regression
analyses were adjusted for gender, age, ethnicity, body mass
index, current smoking, number of exacerbations in the pre-
vious year, long-acting muscarinic antagonist (LAMA) use
since LAMAS probably protect against morning symptoms, "’
employment status and comorbidity measured with the
CCI. Missing data were not replaced. For all analyses, a
p-value of <0.05 was considered statistically significant.
We used SPSS version 23 for the statistical analysis.
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A sensitivity analysis was performed to examine the
impact of the CAT, instead of mMRC, to calculate GOLD
classes A-D, since previous studies reported that the use of
different questionnaires to categorize COPD patients can
significantly alter the groups.?®*

Results

Patients

Of the 168 eligible patients who received the patient infor-
mation letter, 80 patients agreed to participate. No signifi-
cant differences between participants and nonparticipants
were observed for age (mean [£SD] 65.6 [£8.7] and 66.3
[£8.4] years, respectively, p=0.79) and gender (54% and
44.3% males, respectively, p=0.22). No patient dropped out
of the study (Figure 1). Table 1 shows demographics and
baseline characteristics of the participants. Patients had an
airflow obstruction with an average FEV  of 55.1% predicted,
and 26% of the patients were current smokers.

Morning symptoms

Morning symptoms were present in 96% (77/80) of the
patients. Mean (£SD) total severity score for morning symp-
toms was 17.9 (£11.7) (Table 2). The most severe symptoms
in the morning were dyspnea, cough and sputum production.
Overall, 85.0% of all included patients reported physical
activity limitations in the morning due to morning symptoms.
Morning symptom scores were significantly different
between patients with different COPD stages: mean (+SD)
score in GOLD A was 9.7 (£7.2), B 19.8 (£10.7), C 8.6 (£9.3)

Patients eligible and
received information
about the study
(N=168)

No participation (N=88)
— 82 not interested
— 6 exclusion criteria
— 2 recurrent infections
» - 1 exacerbations followed
by pulmonary rehabilitation
— 1 newly diagnosed lung cancer
— 1 hip surgery
— 1 parathyroidectomy

Patients enrolled
(N=80)

Withdrawal
(N=0)

Patients included in
analysis (N=80)
Patients included in
physical activity
analysis (N=71)

Figure | Study flow diagram.

Table | Baseline characteristics

Characteristic

COPD patients
(N=80)

General
Age in years, mean (SD) 65.6 (8.7)
Male, n (%) 43 (54%)
Caucasian ethnicity, n (%) 79 (99%)
Current smoking, n (%) 21 (26%)
Pack years, mean (SD) 42.2 (26.8)
Patients with exacerbation(s) in previous year, n (%) 42 (53%)
In current employment, n (%) 22 (28%)
BMI in kg/m?, mean (SD) 26.3 (5.1)
Lung function (post-bronchodilator)
FEV, % predicted, mean (SD) 55.1 (16.9)
FVC in L, mean (SD) 3.5(1.0)
RV % predicted, mean (SD)* 143 (42)
RV/TLC, mean (SD) 117 (24)
GOLD stage
GOLD A, n (%) 20 (25%)
GOLD B, n (%) 21 (26%)
GOLD C, n (%) 7 (9%)
GOLD D, n (%) 32 (40%)
Laboratory
Leucocytes in x10%/L, mean (SD) 8.3 (2.5
Eosinophils in x10°/L, median [IQR] 0.16 [0.11-0.22]

HsCRP in mg/L, median [IQR]

2.41 [0.26-5.42]

Medication
ICS, n (%) 6 (8%)
LABA, n (%) 19 (24%)
LAMA, n (%) 60 (75%)
ICS+LABA, n (%) 50 (63%)
LABA+LAMA, n (%) 7 (9%)
Oral corticosteroids, n (%) 3 (4%)
Questionnaires
CAT total score, mean (SD) 16.5 (7.3)
mMRC total score, mean (SD) 2.4 (1.3)
CCI (total score), median [IQR] 2.0 [1.0-3.0]
Myocardial infarction, n (%) 5 (6%)
Cerebrovascular disease, n (%) 10 (13%)
Uncomplicated diabetes mellitus, n (%) 9 (11%)
Moderate to severe chronic kidney disease, n (%) 6 (8%)
History of solid tumor without metastasis, n (%) 15 (19%)
HADS total score, mean (SD)* 92 (5.7)
Depression 4.7 (3.8)
Anxiety? 453.2)

Notes: *For some variables, data were missing: HADS (two patients did not fill out
all questions about anxiety) and body plethysmography (three patients were not able
to produce reproducibility curves and | patient had claustrophobia).
Abbreviations: BMI, body mass index; CAT, COPD assessment test; CCl,
Charlson comorbidity index; COPD, chronic obstructive pulmonary disease;
FEV,, forced expiratory volume in | second; FVC, forced vital capacity; GOLD,
Global Initiative for Chronic Obstructive Lung Disease; HADS, hospital anxiety
and depression scale; hsCRP, high sensitive C-reactive protein; ICS, inhaled
corticosteroids; IQR, interquartile range; LABA, long-acting beta2 agonist; LAMA,
long-acting muscarinic antagonist; mMMRC, modified Medical Research Council; RV,
residual volume; SD, standard deviation; TLC, total lung capacity.

and D 23.8 (£11.2) (£ [df] =10.3 [79], p<<0.01) (Figure 2).
Post hoc analyses showed differences between groups A
and B (p<<0.01), A and D (p<<0.01), B and C (p=0.013) and
Cand D (p<<0.01).
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Table 2 Occurrence and severity of morning symptoms

Morning symptoms N=80

Total score (range 0-60)?, mean (SD) 17.9 (11.7)

Number of patients without 3 (3.8%)

symptoms and limitations

Sub-items®
Dyspnea 4.0 [1.3-6.0]
Sputum 2.0 [0.0-5.0]
Chest tightness 0.0 [0.0-2.8]
Wheezing 1.0 [0.0-3.0]
Cough 3.0[1.0-4.8]
Limitations in the morning due to COPD 4.5 [2.0-7.0]

Notes: Data are median [IQR], unless otherwise indicated. *Morning symptom
score was assessed with the PRO-Morning COPD Symptoms Questionnaire; >score
0 (“no symptoms”) to 10 (“most worst symptoms”).

Abbreviation: IQR, interquartile range.

Physical activity

Eight patients reported an adverse event during the study
period (Table S1) and one patient wore the accelerometer for
an insufficient time each day of the study (7.2 to 13.7 hours
a day). Ninety-four percent of the measured days from the
remaining 71 patients were included in the analysis. The median
number of days analyzed per patient was seven. Table 3
shows outcomes derived from accelerometry. Patients walked
an average of 5,754 steps a day, and they spent 11.4 minutes
a day in MVPA with bouts of at least 10 minutes.

Relationship between morning symptoms

and other parameters
Table 4 shows the association between baseline patient char-
acteristics and morning symptom severity. When adjusted
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Figure 2 Morning symptom scores in COPD GOLD A, B, C and D groups.
Notes: COPD GOLD A (N=20), B (N=21), C (N=7) and D (N=32); *p<0.01,
p<<0.05.

Abbreviation: GOLD, Global Initiative for Chronic Obstructive Lung Disease.

Table 3 Daily physical activity parameters derived from
accelerometry

Activity parameters 467 valid days®

from 71 patients

Inactive parameters®

Total duration in inactive time in minutes, 1,161 (100)
mean (SD)
Number of periods in inactive time, mean (SD) 128 (42)

Active parameters®

Steps, mean (SD) 5,754 (3,553)

Total duration in active time in minutes, 268 (98)
mean (SD)

Total duration in light activities in minutes, 80 (33)
mean (SD)¢

Total duration in moderate activities in minutes, 88 (39)
mean (SD)¢

Total duration of vigorous activities in minutes, 0.9 [0.3, 6.2]
median [IQR]¢

Mean active time in MVPA with bouts of at least 11.4 [4.4, 23.1]
10 minutes, in minutes, median [IQR]¢

Mean active time in moderate activity with bouts 11.5[4.3,22.1]
of at least 10 minutes, in minutes, median [IQR]¢

Mean active time in vigorous activity with bouts 0.0 [0.0, 0.0]
of at least 10 minutes in minutes, median [IQR]¢

Number of periods in active time, mean (SD) 1,858 (810)
Number of periods walking =10 seconds, 317 (139)
mean (SD)

Number of periods walking 10-20 seconds, 70 (37)
mean (SD)

Number of periods walking >20 seconds, 24115, 31]
median [IQR]

Notes: *Valid days were defined as accelerometry for at least 22.5 hours (94%)
a day; ‘inactive: sitting and lying combined; active: standing, shuffling and walking
combined; ‘light: 1.5-3.0 MET, moderate: 3.0-6.0 MET, vigorous: 6.0-9.0 MET.
Abbreviations: IQR, interquartile ranges; MET, metabolic equivalent task; MVPA,
moderate to vigorous physical activity; SD, standard deviation.

for confounders, lower health status (estimated regression
coefficient =1.194, 95% CI 0.923 to 1.465), higher symp-
tomatic burden (estimated regression coefficient =4.193,
95% CI12.384 to 6.002), increased anxiety and depression
and lower FEV, were associated with morning symptom
severity. Furthermore, physical activity that was objec-
tively measured by accelerometry was associated with
morning symptom severity: fewer steps a day (estimated
regression coefficient =—0.001, 95% CI —0.002 to —0.000),
less time in MVPA with bouts of at least 10 minutes
(estimated regression coefficient =—0.135, 95% CI —0.233
to —0.037) and less time in MPA with bouts of at least
10 minutes (estimated regression coefficient =—0.192, 95%
CI —0.321 to —0.064) (Table 5). The explained variance
of all studied patient characteristics was highest for the
CAT (62%).
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Table 4 Associations between health status, dyspnea severity, anxiety and depression, airflow limitation, lung hyperinflation,

inflammatory parameters, exacerbations and morning symptom severity

Outcome Morning symptom score® (N=80) Adjusted® morning symptom score® (N=80)

R? Regression 95% ClI p-value R? Regression 95% ClI p-value

coefficient coefficient

CAT 0.62 1.268 1.042; 1.494 <0.001 0.67 1.194 0.923; 1.465 <0.001
mMRC 0.30 4.991 3.270; 6.712 <0.001 0.47 4.193 2.384; 6.002 <0.001
HADSe 0.33 1.152 0.776; 1.528 <0.001 0.51 1.098 0.706; 1.490 <0.001
FEV, (% predicted)® 0.06 —-0.173 —0.325; —0.021 0.026 0.35 -0.170 —0.324; -0.017 0.030
RV/TLCe4 0.04 0.094 —-0.019; 0.207 0.10 0.34 0.063 —0.050; 0.176 0.27
HsCRP 0.03 0.456 —0.128; 1.039 0.12 0.31 0.242 —-0.319; 0.804 0.39
Leucocytes 0.02 0.656 —0.383; 1.695 0.21 0.31 0217 —-0.801; 1.236 0.67
Eosinophils 0.06 —14.68 —28.14; —1.231 0.033 0.32 -7.772 —20.575; 5.032 0.23
At least one exacerbation 0.07 6.302 1.239; 11.37 0.015 0.30 ol.112 —8.539; 6.314 0.77

in the previous |2 months

Notes: *Morning symptoms were assessed with the PRO-Morning COPD Systems Questionnaire; ®adjusted for gender, age, ethnicity, body mass index, smoking, number
of exacerbations, LAMA use, employment and comorbidity; “for some variables data were missing: HADS (two patients did not fill out all questions about anxiety); body
plethysmography (three patients were not able to produce reproducibility curves and one patient had claustrophobia); post-bronchodilator.

Abbreviations: Cl, confidence interval; CAT, COPD assessment test; FEV‘, forced expiratory volume in | second; HADS, hospital anxiety and depression scale; hsCRP,
high sensitive C-reactive protein; LAMA, long-acting muscarinic antagonist; mMMRC, modified Medical Research Council; R?, explained variance; RV, residual volume; TLC,

total lung capacity.

Sensitivity analysis

When the CAT was used instead of the mMRC scale to classify
COPD severity, differences in the morning symptom sever-
ity were still present between the different GOLD stages.
In addition, there was also a significant difference in morn-
ing symptom severity between patients with COPD GOLD

Discussion

In the present study, morning symptom severity was assessed
in COPD GOLD A, B, C and D patients. Furthermore, the
association between patient characteristics (with special
focus on physical activity) and morning symptom severity
was studied. As far as we know, this is the first time the rela-

B and D (Figure S1). tionship between morning symptom severity and objective

Table 5 Associations between minutes in active and inactive time, periods in activity and inactivity and morning symptom severity

Outcome Morning symptom score® (N=71)" Adjusted® morning symptom score® (N=71)"
R? Regression  95% CI p-value R? Regression  95% CI p-value
coefficient coefficient
Steps 0.09 —-0.001 —0.002; 0.000 0.013 030 -0.001 —0.002; 0.000 0.043
Total active time? 0.03 -0.019 —0.047; 0.009 0.18 025 -0.010 —0.039; 0.020 0.52
Total inactive time® 0.04 0.022 —0.005; 0.049 0.11 026 0.012 —0.018; 0.041 0.43
Light activities’ 0.001 0.0l —0.073; 0.095 0.79 0.26 0.035 —0.050; 0.119 0.42
Moderate activities’ 0.08 —0.082 —0.150; —0.014  0.019 0.27 —-0.052 —0.150; 0.019 0.15
Vigorous activities’ 0.03 —0.130 —0.327; 0.067 0.19 026 —0.097 —0.306; 0.112 0.36
Time in MVPA with bouts' 0.13 —-0.151 —0.244; —0.058  <0.001 033 -0.135 —0.233; -0.037  <0.001
Time in moderate activity with bouts 0.15 -0.218 —0.344; -0.092 <0.001 035 -0.192 -0.321; —0.064 <0.001
Time in vigorous activity with bouts 0.03 -0.170 —0.387; 0.047 0.12 026 -0.127 -0.357; 0.103 0.27
Number of periods in inactive time® 0.01 —-0.030 —0.096; 0.036 0.37 0.25 0.003 —0.069; 0.076 0.92
Number of periods in active time? 0.04 —0.003 —0.006; 0.001 0.10 025 —-0.001 —0.004; 0.003 0.71
Periods in walking time <10 seconds 0.06 —-0.021 —0.040; —0.002  0.034 026 —-0.011 —0.032; 0.009 0.28
Periods in walking time 10-20 seconds  0.04 —0.061 —0.134; 0.012 0.099 026 —0.028 —0.105; 0.050 0.48
Periods in walking time >20 seconds 0.07 -0.133 —0.249; -0.017  0.026 029 -0.111 -0.232; 0.010 0.07

Notes: *Morning symptoms were assessed with the PRO-Morning COPD Systems Questionnaire; *data from patients with an adverse event (N=8) or patients with no
valid data from accelerometry (N=1) were excluded and analyses were performed on data from 71 patients; “adjusted for gender, age, ethnicity, body mass index, smoking,
number of exacerbations, LAMA use, employment and comorbidity; %active: standing, shuffling and walking combined; ®inactive: sitting and lying combined; flight: 1.5-3.0 MET,
moderate: 3.0-6.0 MET, vigorous: 6.0-9.0 MET.

Abbreviations: Cl, confidence interval; LAMA, long-acting muscarinic antagonist; MET, metabolic equivalent task; MVPA, moderate-to-vigorous physical activity; R?,
explained variance.
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measures of the physical activity by triaxial accelerometry
has been studied. In the present study, patients with overall
more symptomatic COPD had significantly higher morning
symptom scores. Lower health status, higher symptomatic
burden, increased anxiety and depression, lower FEV , fewer
steps a day and less time in moderate and vigorous physical
activity with bouts of at least 10 minutes that was objectively
measured by accelerometry were associated with morning
symptom severity.

Morning symptom scores were higher in patients with
GOLD B and D compared with GOLD A and C stages.
However, morning symptoms were not limited to more
advanced COPD stages and were also present in patients of
group A. These results are in line with the first and so far only
study that described the relation between the occurrence of
morning symptoms and severity of COPD with GOLD A-D
classification.” In that study, patterns of morning symptom
occurrence was more associated with the GOLD A-D
categorization compared to GOLD 1-4 classification. GOLD
14 classification is based only on airflow limitation, whereas
in GOLD A-D a combination of airflow limitation, general
symptoms and exacerbations are used to classify the patients.
Previous studies have shown associations between morning
symptoms and airflow limitation,>*° general symptoms??
and COPD exacerbations in the previous 12 months.3*
In the current study, FEV, and symptoms measured with
the mMRC were significantly associated with the severity
of morning symptoms. Furthermore, unadjusted analyses
showed an association between exacerbations in the previous
12 months and morning symptom severity. Since overall
symptoms and exacerbations, which are included in the
GOLD A-D scheme, are associated with morning symptoms,
we believe that GOLD A-D relates more closer to morning
symptoms than GOLD 1-4. The sensitivity analyses showed
that the differences in morning symptom severity between
GOLD A, B, C and D groups were independent of the symp-
toms scale that was used and no difference between mMRC
and CAT was found. Overall, our results are supported by
the finding that the occurrence of nighttime symptoms was
more closely related to the GOLD A-D classification than
the GOLD 1-4 classification.*

In the present study, the occurrence of morning symptoms
was higher than that reported in other studies. The use of a dif-
ferent morning symptom questionnaire could be responsible
for the higher occurrence in the current study.’ The preva-
lence of morning symptoms in the present study is in line
with a previous trial that studied morning symptoms in more
than 3,000 COPD patients.* In that study, 94.4% of patients

with moderate to severe COPD suffered from morning
symptoms, measured with Early-Morning Symptoms of
COPD Instrument. In the current study, the PRO-Morning
COPD Symptoms Questionnaire was used. One previous
randomized trial used this questionnaire and found a mean
morning symptom severity score of 16.7.!7 The MODAS
showed a slightly higher mean morning symptom score. This
could be due to a slightly different COPD population (lower
FEV,, fewer males, less current smokers) or the unknown
variance of the morning symptom score. Overall, morning
symptoms score are relatively low. For example, analyses on
3,394 COPD GOLD II and III patients have shown a mean
morning symptom score of 1.3 (minimum 0, maximum 4).**
Furthermore, we know from previous research that patients
underestimated their symptoms and one-third of patients who
describe their symptoms as being mild to moderate are not
able to leave the house due to breathlessness.** We think that
the PRO-Morning COPD Symptoms Questionnaire can be
a suitable tool to assess morning symptoms. Nevertheless,
this questionnaire needs to be validated in further studies.
Using a validated questionnaire with cutoff scores might help
to indicate whether a score of 17.9 could be seen as high or
as low impact.

Previous studies that reported the association between
morning symptoms and physical activity used self-reported
physical activity questionnaires to evaluate physical
activity 2361430343637 However, it is known that self-reported
outcomes show discrepancies to objective measured outcomes, >
and therefore we assessed physical activity using an estab-
lished activity monitor.'** Indeed, when analyzing the
data retrieved from these monitors we found a relationship
between objectively measured physical activity and an
increase in morning symptom severity. More specifically, an
association between fewer steps a day, less time in MVPA
with bouts of at least 10 minutes and less time in MPA with
bouts of at least 10 minutes and increase in morning symp-
tom severity was found. Interestingly, when we do not take
these bouts into account, time in MPA and MVPA was not
associated with morning symptom severity. This means that
COPD patients with higher morning symptom scores are
able to perform physical activity of moderate and vigorous
intensity similar to those with less severe morning symptoms,
but they rarely perform this activity longer than 10 minutes
at a time. We suggest that these patients do not perform
activities for increased amounts of time as an adaptation to,
for example, avoid symptoms, and they are therefore not
used to being active for more than 10 minutes in moderate
or vigorous activity. For light-intensity physical activity,
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no association with morning symptom severity was found.
Sufficient physical activity is important for COPD patients
because the lack of it is associated with more exacerbations,
hospitalizations, all-cause mortality'? and lower quality of
life.”® These results together underline the importance of
morning symptoms and physical activity. Together, they
seem to be a new important target for therapy.

The association between lower health status,>73%3740 more
dyspnea,>* increased anxiety and depression,>3*3740 lower
FEV *** and morning symptoms have been described earlier.
The association between morning symptoms and overall
symptoms might appear to be trivial; however, previous
studies have shown that symptoms can vary over the day
and therefore more precise assessment of symptoms seems
necessary. The present study confirms this; the CAT does not
fully cover morning symptoms with an explained variance of
62%. Based on this, we recommend assessing morning symp-
toms separately from general symptoms in COPD patients,
especially in those with more symptomatic COPD.

A strength of this study is the adjustment for multiple
confounders in the regression analysis, which was omitted in
previous studies.”*” Furthermore, we believe that this study
population is representative of the COPD population since
patients were recruited from a variety of sources, namely,
a university medical center, a regional hospital and recruit-
ment via flyers. This resulted in a heterogeneous COPD
patient group. However, the exclusion of COPD GOLD I
patients can be seen as a limitation. We expect that including
COPD GOLD I patients would result in a slightly lower mean
morning symptom score since morning symptoms are also
present in mild COPD.? However, in this study we decided
to focus on more symptomatic patients since it was a cross-
sectional study that explored factors that were associated with
morning symptoms. One other limitation of this study is that
there might be selection bias, since nonparticipants were most
likely patients who were not able to come to the study center
in the morning. This might have resulted in an underestima-
tion of morning symptoms in the overall COPD population.
A limitation for the use of a MoveMonitor was the non-water
resistance. For some patients, taking a shower is the most
intensive physical activity of the day, and this has not been
measured. This resulted in an underestimation of active time.
Furthermore, patients were not blinded for the accelerometer.
This could have resulted in increased activity since patients
felt they were being watched and would not be categorized as
“inactive.” However, patients took a comparable amount or
fewer steps than reported in previous studies,** suggesting
that patients in the MODAS did not adapt their lifestyle to
the study. Furthermore, with this observational study design

it is not possible to prove causality. Therefore, we are not
able to state whether limitation in physical activity is a result
of morning symptoms, or if it is the other way around; that
is, physical inactivity causes deconditioning which results
in an increase of morning symptoms.

Conclusion

Patients with overall more symptomatic COPD have signifi-
cant higher morning symptom scores. Furthermore, morning
symptoms were associated with important clinical outcomes:
lower health status, more symptoms, increased anxiety and
depression, fewer steps a day, less time in moderate and
vigorous physical activity with bouts of at least 10 minutes
and lower FEV . This was the first study that evaluated the
relation between morning symptom severity and objective
measures of physical activity by triaxial accelerometry.
Morning symptoms should be assessed more precisely in
addition to assessment by general COPD-specific question-
naires, especially in those with more symptomatic COPD.
Therefore, there is need for the validation of a morning
symptom questionnaire. In addition, more research is needed
on potential therapies to improve morning symptoms, for
example, with the improvement of (a combination of) health
status, symptoms, anxiety and depression, steps a day, time
in moderate and vigorous physical activity with bouts of at
least 10 minutes and FEV .
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To categorize the patients, the first step was to assess the
symptom burden with the modified Medical Research
Council (mMRC) scale. A low symptom burden was defined
as mMRC 0 to 1 and a high symptom burden as 2 or higher.
Moreover, the exacerbation risk was evaluated by airflow
obstruction, number of exacerbations in the previous year and
number of exacerbations leading to hospital admission in the
previous year. A low risk was defined as a forced expiratory
volume in 1 second (FEV,) =50% and <2 exacerbations a
year and no hospital admission due to exacerbation of COPD;
ahighrisk was defined asa FEV <50% or =2 exacerbations
in the previous year or =1 hospital admission due to exac-
erbation of COPD. Group A was defined as a low symptom
burden with low risk; group B as high symptom burden with
low risk; group C as low symptom burden with high risk and
group D as high symptom burden with high risk.

Table S| Adverse events during study period

Adverse event Number
of patients
Pain in the hand

Migraine plus hematuria

Flu

Pneumonia

Exacerbation COPD that was treated by the GP
Rhinosinusitis

- — — - - =~

Exhausted and dyspneic for multiple days due to
the study visit
Total 8

Abbreviation: GP, general practitioner.
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Figure S| Morning symptom scores in COPD GOLD A, B, C and D patients,
categorization with CAT.

Notes: Morning symptoms scores were significantly different between patients
with COPD GOLD A 6.3 (+4.4), B 18.4 (£10.1), C 4.0 (+4.7) and D 23.6 (+11.0)
(F[dfl =13.0 [79], p<<0.01); COPD GOLD A (N=12), B (N=29), C (N=5) and D
(N=34); p<<0.01, ®p<<0.05.

Abbreviations: CAT, COPD Assessment Test; GOLD, Global Initiative for
Chronic Obstructive Lung Disease.
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