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Background: Although, the variable pattern of asthmatic symptoms is well recognized, little is known
about the respiratory symptoms variability in patients of chronic obstructive pulmonary disease (COPD).
The present study evaluated the variability of the respiratory symptoms in a day and their influence on the
daily activities in a cohort of Chinese COPD patients.

Methods: An observational cross-sectional study was conducted in 11 medical centers of China.
Participants were outpatient >40 years old with stable COPD, post-bronchodilator forced expiratory volume
in 1 second (FEV1) <80% predicted. Overall, data of 1,032 eligible patients were valid for final analysis.
Results: Mean post bronchodilator FEV1 (predicted %) was 46.5%. Cough, expectoration and dyspnea
were the most commonly observed symptoms (73.6%, 68.8% and 61.4%, respectively). Daily symptom
variability was experienced by 50.2% of symptomatic patients. The wake up time in the morning was the
worst and the most troublesome time during the day (39.3%), followed by the nighttime (21.3%). The
morning activities were most affected by COPD symptoms. Multivariate analyses revealed that COPD
assessment test (CAT) scores was the only factor correlated with patients’ symptom variability [odds ratio (OR)
=0.463, P<0.0001].

Conclusions: Patient-perceived symptoms vary during the day in Chinese COPD patients. They
experience the greatest increase in respiratory symptoms early in the morning. This variation should be

considered as a potential new target in the long-term COPD management.
Keywords: Chinese; chronic obstructive pulmonary disease (COPD); COPD assessment test (CAT); quality of
life; symptom variability
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Introduction

Chronic obstructive pulmonary disease (COPD) is mainly
characterized by persistent airflow limitation that is usually
not fully reversible. The commonest symptoms are chronic
cough, sputum production and breathlessness that are
generally described as slowly progressive (1). Although,
the disease has also been recognized as having a high level
of heterogeneity with different rates of progression, they
usually keep clinical stability between exacerbations (2).
However, this traditional paradigm has been contested in
recent decades. Several studies have reported that COPD-
related symptoms are not uniformly perceived by patients
in a similar manner, showing not just seasonal variation, but
also changes in symptom perception over a week or even
during a single day (3-9). This time-dependent variation is
of substantial importance, since it has an impact on everyday
life activities and health-related quality of life (HRQoL) (5).
In studies that investigated day-to-day variation, up to 40%
of patients reported diurnal variations that impacted their
daily activities and QoL. These variations were shown to be
associated with episodes of severe breathlessness and frequent
exacerbations (5). European studies have reported significant
differences in the characteristics and the variability of the
COPD symptoms amid geographical areas and this justifies
an in-depth analysis of the data from various regions (5-7),
However, the symptom variability of COPD has not been
well studied in Chinese patients to date.

The prevalence of COPD in adults was 8.2% in China
that has made it the fourth leading cause of death (10).
Therefore, in order to understand more details; the
present study aimed to evaluate a global perception of the
symptoms and their variability in COPD patients through
a multicenter survey in China. Moreover, we also aimed to
ascertain the determinants of the variability.

Methods
Subjects and study design

This was a multicenter, observational, and cross-sectional
study conducted between December 2012 and November
2013, in 11 medical hospitals of China. The study protocol
was approved by the institutional review board at each
participating center. All the participating patients signed the
informed consent.

For inclusion in the study, the patients needed to fulfill
all the following criteria: (I) outpatients aged >40 years; (1I)
clinical diagnosis of COPD for =6 months; (III) forced
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expiratory volume in 1 second (FEV,) <80% predicted
and FEV /forced vital capacity (FVC) <0.7 (post-
bronchodilator).

The exclusion criteria were: (I) patients who had an
ongoing or had experienced an exacerbation in the previous
3 months; (I) history of asthma or rhinitis; (III) patients
who had been diagnosed with left ventricular dysfunction,
lung cancer or any other major respiratory diseases such as
bronchiectasis, interstitial lung disease, pulmonary fibrosis,
tuberculosis or sarcoidosis; (IV) currently enrolled in a
clinical trial; (V) not able to understand the study procedure.

For each patient at the inclusion visit and after the
informed consent was signed, the physicians recorded the
demographic information, time since COPD diagnosis,
smoking status, other comorbidities, lung function
measurements, Medical Research Council (MRC)
dyspnea scores, the COPD assessment test (CAT) scores,
exacerbations and previous hospitalizations as well as
current COPD medication.

In addition, the patient was queried regarding his/her
COPD symptoms, especially dyspnea, cough, expectoration,
chest distress and wheezing. Patients were also asked about the
variability of the symptoms during the day and the time when
the symptoms were most likely to occur such as on waking up,
later in the morning, during the afternoon, in the evening and
at night. Furthermore, patients were also questioned about
the impact of the symptoms on morning activities, including
getting up, dressing, washing up, having breakfast and
performing post-breakfast indoor and outdoor activities.

Statistical analysis

Statistical analyses were performed using SAS 9.2 software.
The significance level was established at 5%. Quantitative
variables were expressed as mean and standard deviation.
Qualitative variables were described by the absolute
frequencies and relevant percentage of each variable. Factors
significantly associated with symptom variability were
identified using a univariate analysis of individual dependent
variables. All factors with a P<0.05 in the univariate analysis
were then included into a logistic regression model.

Results
Patient characteristics

Of 1,058 patients, 1,032 eligible patients were included
for the final analysis. Table 1 demonstrates their baseline
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Table 1 Baseline characteristics of the study population

Variables N=1,032 [mean = SD] [n (%)]
Age (years) 64.9+9.2
Male/female 835/197 (81/19)
BMI (kg/m”) 23.3+3.7
Smoking status

Nonsmoker 185 (17.9)

Current smoker 252 (24.4)

Ex-smoker 595 (57.7)
Residence

Urban 651 (63.1)

Rural 381 (36.9)

Lung function (post-bronchodilator values)

FEV1 (L) 1.23+0.47

FVC (L) 2.56+0.80

FEV1 (% predicted) 46.5+15.4
GOLD airflow limitation grading

Moderate 414 (40.1)

Severe 442 (42.8)

Very severe 176 (17.1)
History of exacerbations

Last 3 years 385 (37.3)

BMI, body mass index; FEV1, forced expiratory volume in 1
second; FVC, forced vital capacity; GOLD, Global Initiative

for Chronic Obstructive Lung Disease.
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classification. GOLD, Global Initiative for Chronic Obstructive
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characteristics. All the patients were of Asian origin. About
28.5% reported having cardiovascular disease, including
hypertension and ischemic heart disease, and 5.5% reported
having diabetes. A total of 986 patients had available
information on COPD medication; 54.9% were on regular
treatment, whereas the others received medications only
during exacerbations. The exact medication time prescribed
by physicians was unknown to 27.9% of the patients.
Morning medication was prescribed to 377 patients (38.0%),
with 48.5% taking medications within 30 minutes after
getting up, 31.6% after 1 hour of getting up, while only
3.2% before getting up.

Frequency of symptoms and variability

Among 1,032 patients, 1,025 (99.3%) reported having >
one symptom, and the other seven patients had none of the
typical symptoms of COPD, including cough, breathlessness,
wheezing, chest distress, and sputum production. Of
the 1,025 symptomatic patients, cough occurred most
frequently (73.6%), followed by expectoration (68.8%)
and breathlessness (61.4%) (Figure I). It is observed that
dyspnea, chest tightness, and wheezing are the symptoms
that become prominent as lung function worsen. However,
cough and expectoration are often perceived as constant
(Figure 2). As shown in Figure 3, 50.2% of the patients
reported variation in their symptoms over the course of
the day, and symptoms variability was associated with the
degree of airflow limitation. The perception of changes in
COPD symptoms was found to be higher in the very severe
group (59.7%), followed by severe (52.4%) and moderate
(44%) groups. Furthermore, patients perceiving symptom
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Figure 3 Perception of COPD symptoms variability according
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Table 2 Impact of COPD symptoms on daily living activities
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Variable Number of patients (%)

Impact on daily living activities

No impact 34 (3.3
Going up and down the stairs 811 (78.6)
Going out for shopping 435 (42.2)
Exercising 893 (86.5)
Doing housework 325 (31.5)

Impact on quality of sleep at night
Sleep quality —good 724 (70.2)
Sleep quality—poor 308 (29.8)
Difficulty in falling asleep 134 (43.5)
Frequent awakening at night 171 (65.5)
Early wakening 76 (24.7)

Reason for poor quality of sleep
COPD symptoms interfering with 224 (72.7)
the quality of sleep
Others 84 (27.3)

COPD, chronic obstructive pulmonary disease.

variability reported that “on waking in the morning” (39.3%)
and “at night” (21.3%) was the most probable occurring
time and the most problematic time (Figures 4,5).

Impact of the COPD symptoms

When inquired about the impact of the symptoms on daily
living activities and sleep, 86.5% had impaired exercise
tolerance, 78.6% had difficulty in stair climbing, and
29.8% declared that they were experiencing poor sleep
(Table 2).

Factors associated with symptom variability

A logistic regression analysis was also performed to identify
factors associated with symptom variability. Univariate
analysis showed that patients with very severe airflow
limitation, CAT scores >10, mMRC scores >2, and a history
of >2 exacerbations in the previous 12 months were more
likely to experience symptom variability than patients with
moderate airflow limitation, CAT scores of <10, mMRC
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Table 3 Determination of factors that may influence symptoms

variability during the day

Factor OR (95% Cl) P value

Severity of airflow limitation
(very severe vs. moderate)

0.712 (0.487-1.042) 0.08

Severity of airflow limitation
(very severe vs. severe)

0.872 (0.605-1.257) 0.46

BMI (BMI <18 vs. >25) 1.333 (0.794-2.238) 0.28

BMI (18< BMI <25 vs. BMI 1.151 (0.873-1.519) 0.32

>25)

CAT score (CAT <10vs. CAT  0.463 (0.352-0.609)  <0.0001
>10)

Frequency of COPD 1.279 (0.962-1.701) 0.09

exacerbations (number of
exacerbations <1 vs. none)

Frequency of COPD
exacerbations (number of
exacerbations =2 vs. none)

1.562 (0.969-2.517) 0.07

BMI, body mass index; CAT, chronic obstructive pulmonary
disease assessment test; Cl, confidence interval; OR, odds ratio.

scores of <1, and no history of exacerbations in the preceding
12 months. However, sex, body mass index, smoking index,
comorbidity (including cardiovascular disease, diabetes
mellitus, osteoporosis, depression) were not associated with
variability during a day. Statistically significant variables
during the univariate analysis were singled out and subjected
to multivariate analysis, and these are presented in 7able 3.
CAT score >10 was the lone factor associated with symptom
variability [odds ratio (OR) =0.463, P<0.001].

Discussion

COPD has been shown to be a highly heterogeneous disease
with a wide range of symptoms such as breathlessness,
chronic cough, and sputum production. Diurnal variation of
these symptoms was shown to be associated with circadian
variation of airway smooth musculature and inflammation, is
a well-recognized event in other respiratory diseases such as
asthma (11).

However, despite having similar clinical manifestations and
lower pulmonary function, the circadian variability of COPD
symptoms has been largely ignored. To our knowledge, this
is the first study that assessed diurnal variations of COPD

symptoms in Chinese patients.
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Prevalence, variation and severity of COPD symptoms

In our study, cough and sputum production were the most
commonly reported symptoms in patients with COPD.
The present study results concur with the findings in
Spanish, Turkish, and the US populations in whom sputum
production and cough that peaked during the morning hours
were reported to have the highest circadian variability (7).
At least over half of all patients (50.2%) with symptomatic
COPD perceived variability in one or more symptoms during
the day, which is higher than those in Spanish (39.6%) (6)
and different European populations (44.7%) (5). All those
participants recruited were outpatients with more severe
COPD (FEV, <50% predicted) (5,6). However, the inclusion
was FEV| <80% predicted in our study, 44% with moderate
COPD (50%< FEV, <80% predicted) reported that > one
symptom varied during the entire day, which indicated that
symptom variability wasn’t perceived only in severe COPD
patients. If only severe COPD patients enter the statistics
in our study, the percent of symptom variability would be
54.5%, which is higher than those in Spanish and European
populations (5,6). This difference may attribute to the
insufficient treatment because of lower economic level in
China. Almost all the patients were regularly prescribed
> one COPD medication, and most of them were treated with
long-acting bronchodilators in European populations (5).
Yet about half of our patients received medications only
during exacerbations. We didn’t detail the variation of each
symptom in our study. However, Spanish study reported
that sputum production and cough had the highest circadian
variability (6), whereas breathlessness was reported as the
most common and troublesome symptom among European
populations (5). All these fluctuations could be attributed to
geographic variations, genetic background, exposure to risk
factors and management strategies around the world (12-14).

The daily activities of the patients were most disturbed by
COPD symptoms (5). The activities were affected markedly
in patients reporting variability of breathlessness throughout
the day, and the impact on activities was also pronounced in
patients who experienced the greatest variability of symptoms
compared with those with minimal variation (5). So,
increased variability of symptoms during the day may reflect:
(I) the severity of the respiratory impairment and its effect
on exercise limitation; (II) inadequate treatment; (III) more
adverse healthcare events. However, it is unknown whether
the symptom variability during the times of the same day
may predict a new COPD exacerbation.

F Thorac Dis 2017;9(10):3888-3895
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COPD symptoms and bealth status

There is an old Chinese saying: make your whole year’s
plans in spring and your day’s plan early in the morning. In
our study, we found that the symptoms were perceived to
be more intense during the early morning, which is similar
to the literature reports in European populations (5).
About 10% of the patient population reported that they
needed support in performing their routine morning
activities that they were concerned about becoming a
burden to their relatives (5). In addition, most people
may prefer to exercise in the morning; the troublesome
symptoms in morning hours will certainly influence
their mood and QoL during the whole day. There is
growing evidence that COPD shows diurnal variability
in physiological parameters of lung function, such as
inspiratory capacity, FEV |, FVC and peak expiratory
flow (3,5,15). Early morning hours presented least FEV,
values for COPD patients (16). So, the correlation
between variability in morning symptoms and the impact
on morning activities corresponds to the observations of
circadian variations in lung function. Another justification
could be that morning is the most active time of the day
for severely impaired patients.

The clarification of factors that either increase or
decrease the variability of breathlessness is important for
the effective management of patients. Multivariate analysis
demonstrated that CAT score was the only independent
predictor in our study, whereas the European study showed
that the factors associated with higher variability were
younger age and increased severity of breathlessness in
the preceding 7 days (5). Both the studies showed that sex,
BMI, smoking status, time elapsed since COPD diagnosis,
MRC dyspnea score, and predicted FEV, were not related
with the variability. As is well known, CAT is an 8-item
unidimensional measure of health status impairment in
COPD, including the degree of respiratory symptom,
impaired activities and night sleep quality, which correlates
more closely with the SGRQ. These may reflect a complex
mechanism of symptom variability in COPD. Although
the CAT provides a broader view on COPD, none of all
the present questionnaires, including CAT and Clinical
COPD Questionnaire (CCQ), could assess the variability
of the measured symptoms during different times in the
day. In this regard, to supplement the data from this study,
it is necessary to design a new CAT questionnaire that
specifically include the circadian variability and the impact
of symptoms on morning activities for better coverage of
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clinical assessment and management, such as the Capacity of
Daily Living during the Morning (CDLM) questionnaire,
the first tool developed by Partridge et a/. (17).

COPD symptoms and medication

The daytime variability in perceived symptoms is hardly
ever considered in the actual treatment plans, despite the
compelling evidence. In our study, only 38% were prescribed
morning medication for alleviation of symptoms. Similarly,
in the study by Kessler ez 4/. (5), 51.3% of patients reported
that they did not modify the use of their COPD medications
during times of symptom variability. Partridge et 4/. compared
the impact of different treatment on symptoms, lung
function and activities early in the morning (18). Although
budesonide/formoterol or salmeterol/fluticasone was effective
in treating patients with COPD, the onset of action was rapid
with budesonide/formoterol than salmeterol/fluticasone,
which resulted in bigger improvements in the patient’s
ability to perform routine morning activities. This difference
was mainly due to the faster onset of action of formoterol
compared with salmeterol. Additionally, formoterol, taken
twice daily (8 am and 8 pm) with tiotropium once-daily
(8 pm), can also control night symptom (19), as our study
described that “at night” was another worst time during the
day. Therefore, health care professionals must be provided
with modified treatment strategies to minimize the impact of
this variation.

Someone may doubt that the early morning was the
worst moment for COPD patients which may be related
to medications received. In other words, some individuals
receiving medications, such as tiotropium QD or formoterol
BID, remained uncovered for the last part of the period (i.e.,
the early morning of the next day) because of insufficient
duration of action of the drug received. We agree with
the presence of such possibility in patients receiving
medications. However, 54.9% of the enrolled patients were
on regular treatment, whereas the other 45.1% of patients
received medications only during exacerbations in our
study. We have performed an analysis (not list in the part of
results) and also found the presence of circadian variation
of symptoms in the latter subgroup. In addition, except
morning waking time, night was also the worse time in the
whole day when the medications could cover effectively. All
these findings indicate the circadian variation of symptoms
was incompletely relevant with drugs of insufficient
duration.

This study has few limitations. Firstly, the perception

F Thorac Dis 2017;9(10):3888-3895
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of the symptoms variability is very subjective; many factors
may produce some deviation such as different educational
background and lifestyle. Secondly, the observational
and cross-sectional design of the study itself could be the
primary limitation in studies of this nature, which carries
the risk of including patients with other comorbidities and
confounding factors. The possibility that few subjects with
asthma COPD overlap syndrome (ACOS), obstructive
sleep apnea (OSA), left heart insufficiency or other
diseases were enrolled could not be eliminated. Asthma
symptoms are more variable than COPD, OSA and left
heart insufficiency may manifest paroxysmal nocturnal
dyspnea, which may influence the assessment of the worst
moment throughout the day. However, the patients with
asthma or ACOS were identified based on their medical
histories and excluded as much as possible. Hence, their
proportion was likely to be small among the population
of COPD patients. Furthermore, the incidence of OSA
is not clear as our study did not monitor the sleep for all
COPD patients. It is well known that OSA is common
in obese population and FEV, was reported to increase
overnight in OSA patients with obesity (20). However,
the mean BMI of COPD patients enrolled in this study
was only 23. Thereby, we speculate that the proportion
of COPD overlap with OSA would not be high in this
study. In addition, multi-regression analysis in this study
revealed that BMI did not impact the circadian variation
of symptoms of patients with COPD.

Conclusions

The symptoms perceived by COPD patients varied during
the day that had major impact on daily living activities.
Moreover, poor adherence to their treatment was observed
in patients in response to deterioration of symptoms. The
impact of circadian variation in symptoms provides an
important insight for developing an individualized plan
modeled on patient characteristics for COPD management.
This has vital implications in a country such as China,
where primary care physicians have a tenuous grasp on
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) recommendations for COPD therapy, and the
most frequently prescribed medications like expectorants
and short-acting bronchodilators are not able to meet
patient expectations and improve their long-term clinical
outcomes. The variation in the perception of symptoms
should be considered in the long-term COPD management
in China. The findings of our study not only provide
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additional knowledge on diurnal variability of symptoms in
Chinese patients but also pave way to establish a potential
novel target in the long-term treatment plan to alleviate the
impact of symptoms variability on HRQoL.
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