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ABSTRACT

Physiological and cellular functions operate in a 24-hour cyclical pattern orchestrated by 
an endogenous process known as the circadian rhythm. Airway calibre exhibits a circadian 
variation with maximum values occurring around noon and minimum values in the ear-
ly morning. The mechanisms behind the daily variation are complex, but it has been 
speculated that autonomic input to airway tissues via the vagal nerve plays an essential 
role. In chronic obstructive pulmonary disease (COPD), there is important daily variation 
of respiratory symptoms, which are present in approximately half of the patients. This 
time-dependent variability has important consequences since it has an impact on daily 
life physical activity, sleep quality, severity of symptoms, exacerbations or health-related 
quality of life, which in turn represents a component of instability within a period previ-
ously considered as relatively calm. This article reviews the symptomatic variability in 
COPD, its pathophysiological basis, characteristics, determinants, potential consequences 
and therapeutic implications. (BRN Rev. 2020;6(1):87-101)
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) 
is mainly characterised by the reduced capac-
ity to generate expiratory flow, which is the 
result of the complex interaction between pe-
ripheral airway obstruction and reduced lung 
elastic recoil. Traditionally, it has been believed 
that airflow limitation progresses with time. 
However, it has recently been discovered that 
the disease has a high level of heterogeneity 
with different rates of progression1. The com-
monest respiratory symptoms are chronic cough, 
sputum production and breathlessness, all of 
which are generally described as persistent 
and slowly progressive2. Nevertheless, in the 
course of the disease, patients sometimes ex-
perience periods of clinical instability charac-
terised by acute and sustained worsening of 
these respiratory symptoms, which we usual-
ly call exacerbations3. These acute events may 
vary in intensity, duration and/or frequency, 
but in general, they are associated with ad-
verse consequences such as a worsening of 
health-related quality of life (HRQoL), reduced 
physical activity, deterioration of social rela-
tionships, disease progression and poor prog-
nosis4-7. In the periods between exacerbations, 
it has always been assumed that respiratory 
symptoms are unchanged and therefore re-
main within clinical stability, in contrast to 
what happens in asthma8. However, this tra-
ditional paradigm has been challenged over 
recent years. Several studies have reported 
that COPD-related symptoms are not per-
ceived uniformly by patients, and that they 
show not just seasonal variation, but also chang-
es in symptom perception over different weeks 
or even during a single day9-18. This time-de-
pendent variability has important consequenc-
es since it has an impact on life activities, 

sleep quality, severity of symptoms, and ex-
acerbations or HRQoL10,12,14-19, which in turn 
represent a component of clinical instability 
within a period previously considered as rel-
atively calm. This paper reviews in detail the 
symptomatic variability in COPD, its patho-
physiological basis, characteristics, determi-
nants, potential consequences and therapeu-
tic implications. 

PATHOPHYSIOLOGY OF SYMPTOMS 
VARIATION

Physiological and cellular functions operate in 
a 24-hour cyclical pattern orchestrated by an 
endogenous process known as the circadian 
rhythm. Like many other biological variables, 
airway calibre exhibits a circadian variation 
during the 24 hours, with maximum values 
occurring around noon and the minimum val-
ues in the early morning20. The mechanisms 
behind the daily variation in symptoms are 
complex, but it has been speculated that au-
tonomic input to airway tissues via the vagal 
nerve plays an essential role21. Cholinergic 
tone also follows a normal circadian rhythm, 
with higher levels during the sleeping hours, 
which can lead to airflow limitation in pa-
tients with COPD and contribute to the vari-
ability of symptoms22. Changes in pulmonary 
capacity at night may also reflect changes in 
both cortisol levels and body temperature23.

Circadian variation in lung function has been 
described in patients with stable COPD, includ-
ing variation in inspiratory capacity (IC)25, forced 
expiratory volume in one second (FEV1)

22,24, 
forced vital capacity22,24 and peak inspirato-
ry flow25. In addition to altered patterns of 
lung function, patients with COPD also have 
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poor sleep quality, increased sleep latency, de-
creased total sleep time, increased waking 
after sleep onset, and decreased rapid eye 
movement and non-rapid eye movement sleep 
episodes26,27. These sleep disturbances may be 
linked to multiple causes including age, obe-
sity, pharmacotherapy, disease-specific symp-
toms, including wheezing and cough28, or the 
presence of comorbidity sleep disorders (e.g. 
obstructive sleep apnoea) or other medical con-
ditions. In addition, disrupted sleep in patients 
with COPD correlates with respiratory symp-
toms (cough, sputum production, wheezing), 
nocturnal oxygen desaturation, hypercapnia, 
and circadian changes in airway calibre and 
resistance29.

Patients with COPD frequently experience noc-
turnal oxygen desaturation episodes30. The 
consequences of nocturnal hypoxaemia (and 
hypercapnia) may include acute events, ar-
rhythmias and increased pulmonary artery 
pressure, and long-term sequelae, which in-
clude an increased risk of cardiovascular and 
cerebrovascular diseases31-33.

Respiratory symptom variability

Daily variability in respiratory symptoms is 
one of the main characteristics of asthma. This 
variability has been also associated with lung 
function changes and poor disease control34,35. 
However, this concept was not widely known 
until a few years ago in COPD (Table 1). Par-
tridge et al.9, using an online survey, were 
among the first authors to show significant 
daily variation in respiratory symptoms in 
COPD. The early morning was the worst pe-
riod of time referred by patients, especially 
among those with severe disease. Dyspnoea 

was the most frequent symptom and its per-
ception was associated with a limitation of 
morning activities. The study also showed the 
night-time period as a second important pe-
riod for the perception of symptoms.

Another European survey conducted in 2441 
COPD patients reported that over 93% of the 
patients referred at least one COPD-related 
symptom (dyspnoea, sputum production, cough, 
wheezing or thoracic oppression), even while 
receiving maintenance treatment10. Breathless-
ness was the most frequent symptom (73%), 
but it was not reported as constant and 63% 
of the responders perceived variation in one or 
more symptoms. The variability of symptoms 
was perceived throughout the year, especially 
in winter in 60% of the occasions. More than 
half of the cases also experienced variability 
during the week and 45% during the same 
day, with special perception in the early morn-
ing. Interestingly, this study also demonstrat-
ed the variability of symptoms between dif-
ferent European regions, which was confirmed 
in the ASSESS study conducted in eight Eu-
ropean countries14. More than half of the pa-
tients included in this latter study had symp-
toms in all the periods of the day (early 
morning, daytime and night-time) and almost 
80% had symptoms for at least two parts of 
the 24-h day, despite receiving treatment. The 
respiratory symptoms were more frequent 
during the daytime, while cough and sputum 
production were the most frequent symptoms 
in the early morning (Fig. 1).

Symptom variability has also shown in an-
other Spanish cohort of 2669 COPD patients 
using the Nighttime and the Early Morning 
symptoms of COPD instruments (NiSCI and 
EMSCI, respectively)16. Up to 90% of patients 
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Table 1. Distribution of symptoms during the day according to different studies

Study  
(year of publication)

N Measure method Early-morning 
symptoms  

(%)

Day-time 
symptoms 

(%)

Nighttime 
symptoms  

(%)

Daily symptom 
variability  

(%)

Pardtrige MR et al. (2009)9 803 Symptoms questionnaire 37-46% 34-54% 25-34% NA

Kessler R et al. (2011)10 2441 Survey B: 31.0%
S: 56.7%
C: 48.9%

B: 66.0%
S: 59.1%
C: 55.9%

B: 10.6%
S: 11.8%
C: 17.3%

44.7%

Miravitlles M et al. (2014)14 727 Symptoms questionnaire 67.1% 64.4% 52.0% 52.0%

Stephenson JJ et al. (2015)39 752 Survey 67.3% NA 50.0% NA

Lu M et al. (2017)17 1032 Symptoms questionnaire 39.3% 39.5% 21.1% 50.2%

Miravitlles M et al. (2017)16 2669 NiSCI/EMSCI 71% NA 48% 89.6%

Muñoz A et al. (2018)62 8185 Survey 53.4% 70.6% 42.0% NA

Tsiligianni I et al. (2016)19 2269 Symptoms questionnaire 51.9% NA 39.4% NA

B: Breathlessness; C: Cough; NA: Not available; NiSCI / EMSCI: Nighttime and Early Morning symptoms; S: Sputum.
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Figure 1. Symptom perception during the day (reproduced with permission from Lopez-Campos JL et al.13).
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showed some type of symptom variability. 
This variability in “number” (occurrence or 
disappearance of at least one symptom) was 
more frequent than the variability in “inten-
sity”, which was only observed in 12% of the 
cases. 

One of the least known aspects of symptom-
atic circadian rhythm is the presence of noc-
turnal symptoms. However, sleep disturbances 
and night-time symptoms are frequently ex-
perienced by patients with respiratory diseas-
es36. Patients with COPD report poorer qual-
ity of sleep than those of a similar age without 
COPD37. While epidemiological studies sug-
gest that at least 75% of patients with COPD 
experience nocturnal symptoms and symp-
tomatic sleep disturbance, physicians are of-
ten unaware of these, because they go unre-
ported by patients38. In a recent survey, 61% 
of patients with COPD reported both night-
time and early morning symptoms, most fre-
quently coughing, wheezing, and shortness of 
breath. Of those with night-time symptoms, 
78% reported slight-to-extreme sleep distur-
bances, 34% reported awakening at least once 
each night and 23% reported difficulty in fall-
ing asleep39. More than 50% of the patients in 
the Subpopulations and Intermediate Outcome 
Measures in the COPD Study (SPIROMICS), a 
large COPD cohort study, reported poor sleep 
quality so sleep quality was a significant pre-
dictor of the quality of life40. In the ASSESS 
study, 59% of the cases also reported some 
night-time symptom, mainly cough and spu-
tum production. Poor sleep quality or sleep 
disturbance in patients with COPD has been 
shown to be associated with worsened health 
status, more exacerbations, increased health-
care resource utilisation and increased mor-
tality14.

METHODS TO ASSESS AND MEASURE 
SYMPTOM VARIABILITY

A wide variety of methods have been used to 
record both symptom variability in COPD and 
the time periods studied. From a temporal 
point of view, symptom variability has been 
studied in different seasons of the year, during 
a weekly period or even on the same day. For 
the 24-h day analysis, the symptoms are tra-
ditionally divided into three parts: early morn-
ing, daytime or night-time. Early morning 
symptoms are defined as those between the 
time of getting out of bed and 11:00 a.m. 
Night-time symptoms are those between the 
time of going to bed and the time of getting 
up to start the day. The rest of the symptoms 
are classified as daytime symptoms14.

To assess variability, the most commonly used 
approach is to determine the presence or ab-
sence of a certain symptom (dyspnoea, cough, 
sputum production) at a given time in the 
24-hour daily cycle. The presence of variabil-
ity was indirectly suggested by the different 
distribution of each symptom in one, two or 
three parts of the day in different propor-
tions. The way to register these symptoms 
also differs between series. While some stud-
ies used telephone or online surveys9,10, oth-
ers used specific questionnaires39,41-45.

The Capacity of Daily Living during the Morn-
ing (CDLM) questionnaire, developed by Par-
tridge et al.41, was the first tool specifically 
designed to assess the impact of symptoms 
on the activities during the first hours of the 
morning. The CDLM questionnaire consists 
of six questions asking the patient how well 
he/she can perform six common daily morn-
ing activities and evaluating the degree of 
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difficulty they normally experience. Each item 
is scored on a scale ranging from 0 (the activ-
ity cannot be carried out by the patient) to 5 
(the activity is carried out easily). The minimal 
clinically important difference (MCID) is 0.20.

More recently, the PRO-Morning COPD symp-
toms questionnaire, which consists of six 
questions about dyspnoea, cough, sputum pro-
duction, wheezing, chest tightness, and lim-
itations in the morning, and the severity of 
these symptoms, rated on a Likert scale from 
0 to 10 points (0 for no symptoms and 10 for 
the worst symptoms)42, has also been used to 
assess symptom variability in COPD. A sig-
nificant difference was observed in the phys-
ical activity during the morning and after-
noon between patients with severe or few 
morning symptoms43.

Other questionnaires, such as the NiSCI and 
EMSCI, have also been used to assess symp-
toms39,44,45. These questionnaires evaluate three 
concepts in COPD patients: the occurrence 
and impact of morning or night symptoms and 
the use of rescue medication. The scores ranged 
from 0 (no limitation) to 4 (serious limitations). 
Using these questionnaires every day for a 
week, Miravitlles et al.16 found that 48% of 
COPD patients described nocturnal symptoms 
and 71% early morning symptoms. “Number 
variability” in the early morning or during the 
night was defined as the appearance or dis-
appearance of one symptom at any time during 
the 7-day follow-up. “Intensity variability” was 
defined as changes in at least two levels, of 
increasing or decreasing intensity, in at least 
two symptoms during the 7-day period. “Com-
bined variability” was used when both the 
symptom number and intensity varied. More 
than 90% of the patients showed number 

variability. However, only about 12% of the 
patients reported intensity variability.

Apart from NiSCI, few validated instruments 
have been used to assess nighttime symp-
toms. The COPD and Asthma Sleep Impact 
Scale (CASIS) questionnaire was developed as 
a self-report measurement to assess the impact 
of COPD and asthma on sleep quality40. This 
questionnaire was based on patient interviews 
and is composed of seven items. Although 
new technology has been developed to mon-
itor coughing during sleep in patients with 
COPD, more studies are needed to validate 
the results. Fisher et al.46, using a LEOSound 
lung sound monitor, showed that coughing 
events were found in all the 30 COPD studied, 
but that most of the coughing periods were 
non-productive. This correlates with the fact 
that productive cough is predominantly found 
in the early morning after getting up from 
bed47. Clearance of airway mucus after sleep 
may explain the increased frequency of cough-
ing in the first moments after wakening.

DETERMINANTS OF SYMPTOM 
VARIABILITY

Few studies have assessed the factors associ-
ated to the variation in symptoms in COPD. 
One of the most frequent determinants of 
variability has been disease severity10,16,17,39,48. 
The more severe the disease, the more the 
COPD-related symptoms vary. Núñez et al.48, 
using CLDM to assess early morning symp-
toms, have recently shown that lower CLDM 
scores are related to outcomes of greater 
COPD severity, in particular with a higher 
degree of dyspnoea and higher COPD As-
sessment Test (CAT) and Body mass index, 
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airflow Obstruction, Dyspnoea, Exacerba-
tions (BODEx) scores. In addition, patients with 
lower CLDM scores had greater impairment 
in the lung function test and more frequently 
required long-term oxygen therapy (LTOT). 

Another important factor associated to symp-
tom variability has been the history of exac-
erbation in the previous year10,14-16,48. Patients 
with the exacerbator phenotype were specifi-
cally more prone to show variations in symp-
toms over a 24-hour day16,49. However, exacer-
bation also has been reported as a consequence 
of variability. The cross-sectional design of 
most studies does not allow us to infer the 
direction of the association. It is conceivable 
that acute exacerbation might influence symp-
tom variability, because a patient’s symptoms 
would be aggravated before exacerbation and 
could persist for a while50 (Fig. 2).

One of the main problems for clinicians is to 
distinguish COPD exacerbations from symptom 
variability. Rodriguez-Roisin et al.51, two decades 
ago, defined COPD exacerbations as “a sustained 
worsening of conditions, from the stable state and 
beyond day-to-day variations, which is acute in onset 
and necessitates a change in regular medication in a 
patient with underlying COPD”. According to this 
definition, the difference between the variabil-
ity of symptoms and exacerbation could be the 
need for treatment. However, Kessler et al.10 re-
ported that 39% of patients declared they did not 
change medication even when the chest symp-
toms worsened over several days. In contrast, 
other studies also have shown that, using daily 
records of symptoms, half of the patients pre-
sented “unreported exacerbations” (detected but 
not reported and therefore not treated)52. This 
type of exacerbations has a similar negative im-
pact on health status as reported exacerbations52, 

so there is no way of knowing if they are real 
COPD exacerbations or if they just indicate a 
higher symptom variability period. In this con-
text of uncertainty, some authors have suggest-
ed that symptom variability without medication 
change could be a risk factor for COPD exacer-
bation and poor prognosis, regardless of lung 
function and previous exacerbation history18. 

The association between clinical phenotypes 
and variability in symptoms has also been 
studied recently in an Italian cohort49. Regard-
less of the clinical expression and the treat-
ment used, almost 80% of the patients studied 
presented early morning and daytime symp-
toms and just over half of the cases had noctur-
nal symptoms. The proportion of night-time 
symptoms was higher in the chronic bron-
chitis phenotype than in the emphysema or 
mixed phenotype (54% versus 40% versus 
34%, p = 0.0016). In another study, the frequent 
exacerbator phenotype and the asthma-COPD 
overlap (ACO) phenotype were both associated 
with greater variability16. It was suggested that 
greater variability in the ACO phenotype was 
related to the asthmatic component of COPD.

Maintenance treatment with a single long-act-
ing bronchodilator has also been associated 
with reduced daily symptom variability10 and 
more recently, Stephenson et al.39 have also 
reported that lower adherence to treatment in 
the previous year was associated with a high-
er rate of variability in symptoms. 

RELEVANCE OF SYMPTOM 
VARIABILITY FOR CLINICAL CONTROL 

Clinical control in COPD has been defined as 
a “situation of low clinical impact maintained 
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over time”53,54. This definition combines a 
cross-sectional dimension, “clinical impact”, or 
the impact the disease has on the patient at a 
given time, which should always be as low as 
possible (low impact), with a longitudinal di-
mension, “stability”, defined as the absence of 
exacerbations or clinical worsening over time55. 
A patient who presents a situation of low im-
pact and stability is considered controlled53. In 
order to define the control status, diagnostic 
criteria have been proposed based on a com-
bination of different clinical parameters (degree 
of dyspnoea, use of rescue medication, physi-
cal activity, sputum colour, presence of exac-
erbations and the patients’ perception of their 
own health), or an alternative based on the use 
of validated clinical questionnaires such as the 
CAT56 or Clinical COPD Questionnaires (CCQ)57 
(Table 2). These diagnosis criteria have been 
recently validated, demonstrating that clinical 
control is an objective which is attainable in 

the short-term, dynamic over time, sensitive to 
change and associated with a better outcome 
in the short and long-term, with a lower risk of 
future exacerbations and better HRQoL55,58-60. 
For all these reasons, clinical control has been 
proposed as a new comprehensive therapeu-
tic objective with a key role in clinical deci-
sion making61.

Unfortunately, the impact of symptom vari-
ability in clinical control has not yet been stud-
ied in COPD. However, several studies have 
reported that early morning symptoms are 
associated with severe dyspnoea16,18,43,62, low-
er physical activity43,63, a higher use of rescue 
medication39, an increase in the number of 
exacerbations12,14 or worse HRQoL14,39. Night-
time symptoms have also been associated with 
an increased risk of exacerbations and worse 
HRQoL12,14,67,68. All these variables make up 
the concept of control and, for this reason, all 
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Figure 2. Graphical representation of the respiratory symptom variability.
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the signs indicate that variability in respirato-
ry symptoms could be adversely associated 
with clinical control of the disease.

In addition, respiratory symptoms are known 
to impact physical activity64. Exercise limita-
tion occurs even in the early stages of the 
disease and leads to a poorer prognosis65. 
Morning symptoms are inversely associated 
with physical activity43,63. Recently, van Buul 
et al.43, using the PRO-morning COPD symp-
toms questionnaire, assessed physical activity 
using an accelerometer for 7 days, 24 hours 
per day, in a cohort of moderate-severe COPD 
patients. Patients with a high morning symp-
toms score spent less time walking, using trans-
port and being at leisure than patients with a 
lower morning symptom score (Fig. 3).

Morning symptoms are also associated with 
exacerbation risk and poor HRQoL14,18,43,62,66. 
In the ASSESS study14, symptoms in any part 
of the day were also associated with a prior 
history of exacerbations (all p < 0.05) and night-
time and early morning symptoms were asso-
ciated with the frequency of primary care vis-
its in the year before baseline (both p < 0.01). 
During follow-up, patients with baseline symp-
toms during any part of the 24-hour day had 
more exacerbations than patients with no symp-
toms in each period (all p < 0.05); there was 
also an association between 24-hour symp-
toms and the frequency of primary care visits 
(all p ≤ 0.01). However, although there was a 
significant association between early morn-
ing and daytime symptoms and exacerba-
tions during follow-up (both p < 0.01), this 
significance was not maintained when adjust-
ed for disease severity66.

In a longitudinal study, Kim et al.18 found that 
COPD patients with symptom variability (the 
variable group) experienced more frequent 
exacerbations during the follow-up period. 
Furthermore, this variable setting of patients 
showed lower lung function, worse dyspnoea 
symptoms and poorer quality of life. In this 
study, the symptom variability was assessed 
during a longitudinal follow-up using the mod-
ified Medical Research Council (mMRC) dys-
pnoea scale (with an arithmetical calculation of 
the standard deviation in each patient), unlike 
most series, which use a cross-sectional design. 
The multivariate analysis showed that the vari-
able group has approximately a two-fold in-
creased risk of annual exacerbator patients. This 
risk was independent of lung function or pre-
vious history of exacerbation. Likewise, fre-
quent exacerbator individuals were associated 
with death. However, no association was found 

Table 2. Control criteria with adjustment of severity 
according to the values of FEV1 % (as percentage of predicted)

Clinical evaluation

Low clinical impact (must meet at least 3 of the 4 criteria)

Dyspnoea 0-1 if FEV1 ≥ 50%
0-2 if FEV1 < 49% 

Rescue medication ≤ 3 times/week

Sputum colour White

Physical activity ≥ 30 min/day

Clinical stability (must meet both criteria)

Subjective perception Same or better

Exacerbations in the last 3 months None

CAT assessment

Low impact

CAT 0-10 if FEV1 ≥ 50%
0-16 if FEV1 < 49%

Stability

Changes in CAT ≤ 2 points

Control Low impact + Stability

CAT: COPD Assessment Test; FEV1: forced expiratory volume in one second.
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between symptom variability and mortality. 
Instead, they concluded that frequent exacer-
bator patients had an approximately two-fold 
higher risk of death. The authors suggested 
that symptom variability might not be direct-
ly associated with mortality but could influ-
ence death via increasing risk of exacerbations.

Night-time symptoms, usually less prevalent 
than those observed at early morning or during 
daytime, have been associated with an in-
creased risk of cardiac comorbidities and COPD 
exacerbations67. Night-time symptoms reduce 
sleep quality and may be associated with the 
long-term effects of sleep deprivation, includ-
ing cognitive impairment, depression, devel-
opment or the progression of cardiovascular 
disease12,14,38,68. In the ASSESS study14,15, up to 
60% of the population had nocturnal symp-
toms. Night-time symptoms were associated 
with worse HRQoL, as well as with worse 
scores in both the anxiety and depression sub-
scales of the Hospital Anxiety and Depression 

Scale (HADS) questionnaire. Price et al.68 also 
observed that patients with night-time symp-
toms had worse HRQoL. 

In a real-life study of 8,844 patients with COPD, 
Muñoz et al.62 observed that patients with 
symptoms anywhere in the three parts of the 
24-hour cycle suffered a greater impact on their 
working life. Physical activity also exhibited a 
similar pattern. These patients also presented 
higher figures in the CAT score compared to 
those who did not experience symptoms. Again, 
the highest score was observed among the cas-
es that showed symptoms in all three parts of 
the day. The study also revealed worse sleep 
quality among symptomatic patients. 

THERAPY FOR SYMPTOM VARIABILITY

Despite the apparently high prevalence of vari-
ability symptoms in patients with COPD, only a 
few interventional studies have directly targeted 
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them. In the study by Kessler et al.9, 51% of the 
patients declared they did not alter their treat-
ment despite the symptoms worsening during 
the day, and only 36% reported an increased 
use of their rescue inhaler. Additionally, 39% 
of the patients declared they did not change 
medication even when the chest symptoms 
worsened over several days.

Likewise, few previous studies have evaluated 
the impact of treatment on morning symptoms. 
In a trial comparing the effect of salmeterol/
fluticasone versus budesonide/formoterol on 
lung function, symptoms and activities in the 
early morning69, both treatments were revealed 
equally effective, with budesonide/formoter-
ol showing a more rapid onset of effect, which 
resulted in greater improvement in the patient’s 
ability to perform morning activities. The Eval-
uation of efficacy and safety of Symbicort as an 
add-on treatment to Spiriva in patients with 
severe COPD (CLIMB) study70, a 12-week study 
evaluating the efficacy of adding tiotropium 
to formoterol/budesonide in 660 subjects with 
COPD, also found that triple therapy provided 
rapid and significant improvements in morn-
ing symptoms at 5 and 15 minutes compared 
with tiotropium alone, as measured by the 
CDLM questionnaire.

Fast long-acting bronchodilators (both long-act-
ing beta-agonists [LABAs] and long-acting mus-
carinic antagonists [LAMAs]) may play a role 
to control morning symptoms and to improve 
HRQoL in patients experiencing an increase of 
disease-related symptoms in the morning and/
or nighttime13. The LABAs, such as formoterol, 
indacaterol, olodaterol and vilanterol act more 
rapidly than LABAs such as salmeterol, while 
the LAMAs aclidinium, umeclidinium or glyco-
pyrronium are faster-acting than tiotropium71. 

The effects of bronchodilator over night-time 
symptoms is another area which has been 
studied very seldom22,72,73. In a 4-week, dou-
ble-blind study among 36 patients with moder-
ate-to-severe COPD, treatment with ipratropi-
um led to an improvement in oxygen saturation 
and also in perceived sleep quality73. In con-
trast, in another 4-week, double-blind study 
among 80 patients with severe stable COPD, 
evening dosing with tiotropium reduced the 
daily variation in lung function and improved 
nocturnal oxygen saturation but did not offer 
any improvement in perceived sleep quali-
ty72. Calverley et al.22 showed that adminis-
tering the LAMA tiotropium in the evening, 
rather than in the morning, does not substan-
tially improve lung function parameters during 
the night.

Several studies have shown that LAMA/
LABA combinations lead to greater improve-
ments in FEV1, higher morning pre-trough 
and peak inspiratory capacity, greater im-
provements in dyspnoea symptoms, improved 
HRQoL and lower use of rescue medication 
than monotherapy with either of the compo-
nent agents, with similar adverse events and 
the cardiac safety profile74-77. Of particular 
interest in the light of symptom variability in 
COPD, an aclidinium/formoterol combination 
has been shown to improve overall early morn-
ing and nighttime symptom severity and lim-
itation of early morning activities78 (Fig. 4). 
The effects of this LAMA/LABA combination 
over nighttime symptoms were assessed as a 
secondary variable so further specific studies 
are needed.

As far as we know, no studies to date have 
analysed the role of triple therapy on symp-
tomatic variability in COPD. However, indirect 
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Figure 4. Difference from placebo in change from baseline in symptom severity over 24 weeks. A: Night-time symptoms; B: early 
morning symptoms. Data are LS means differences from placebo +95% Cis; *p < 0.05, +++p < 0.001 versus placebo (reproduced with 
permission from Bateman ED et al.78). 
CI: confidence interval; FDC: aclidinium/formoterol fixed-dose combination; LS: least square.
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data could suggest a positive effect. The Span-
ish population included in the ASSESS study 
was less symptomatic than the remaining Eu-
ropean population, with better sleep quality 
and HRQoL15. These differences were observed 
despite presenting a similar degree of airflow 
limitation. Although the reasons why Spanish 
patients were less symptomatic remain to be 
properly established, up to 70% of the Span-
ish patients were treated with triple therapy, 
the results of which were significantly higher 
than 47% of the European patients. It should 
be noted that there was more activity and a 
higher proportion of men among the Spanish 
cases15. 

CONCLUSIONS

In-between exacerbations, COPD is usually 
regarded as a stable condition, but now there 
is a large body of evidence that respiratory 
symptoms vary in this state. This symptom 
variability is present in approximately half of 
COPD patients. The early morning was the 
worst period of time referred by patient, but 
the nighttime period is also considered im-
portant. Dyspnoea was the most frequently 
symptom and its perception was associated 
with a limitation of morning activities. Sever-
ity of the disease or previous exacerbation 
history are also risk factors associated with 
the variation of the symptoms, but even mild 
or non-exacerbated patients also showed vari-
ability. This time-dependent variability has 
important consequences, since it has an im-
pact on life activities, sleep quality, exacer-
bations or HRQoL. In a way, this can bring 
an opportunity to further identify symptoms 
and treat them more properly to improve the 
outcomes. 
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