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Abstract

Sleep disorders are common in patients with
chronic obstructive pulmonary disease
(COPD) and are associated with greater disease
severity, more frequent exacerbations, greater
use of emergency health care, and higher mor-
tality. They may contribute to worsening of
COPD course by reducing patients’ adherence
to treatment. The aim of this study was to
evaluate quality of sleep in COPD patients
and to assess the relationship between impaired
sleep and adherence to inhalation therapy. The
study included 106 COPD patients who were
asked to answer the Pittsburgh Sleep Quality
Index (PSQI), Epworth Sleepiness Scale (ESS),
and Adherence to Refills andMedications Scale
(ARMS). Clinical and demographic data were

also collected. We found that over 60% of
patients presented with sleep disorders (PSQI
�5) and 75% with daytime sleepiness. None of
the patients presented with optimal adherence
to pharmacotherapy. Worse adherence was
correlated with greater sleep disorders
(r ¼ 0.56; p < 0.001). ARMS questionnaire
proved to be of high overall internal consis-
tency (Cronbach’s alpha ¼ 0.85). In conclu-
sion, poor quality of sleep coexists with poor
adherence to treatment among COPD patients.
ARMS was proved to be a reliable tool for the
assessment of adherence. Interventions aimed
at improving sleep quality may be helpful to
improve adherence to inhalation therapy in
COPD patients.
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1 Introduction

The Global Initiative for Chronic Obstructive
Lung Disease (Mirza et al. 2018) defines chronic
obstructive pulmonary disease (COPD) as “a com-
mon, preventable and treatable disease that is
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characterized by persistent respiratory symptoms
and airflow limitation that is due to airway and/or
alveolar abnormalities usually caused by signifi-
cant exposure to noxious particles or gases”.
COPD progresses with exacerbations and is
associated with comorbidities (Vogelmeier et al.
2017). The disease not only decreases quality of
life but it is also the leading cause of deaths from
chronic respiratory diseases. In 2016, the number
of deaths reached 2.93 million worldwide. COPD
contributed 5.2% of non-communicable diseases
in males and 3.9% in females in 2016. Mortality
due to COPD is higher among the elderly. Mortal-
ity among women is lower than among men, but it
is gradually increasing over time. COPD is the
ninth leading cause of years of life lost globally,
but the fifth inWestern Europe (GBD 2016 Causes
of Death Collaborators 2017).

Due to the chronic and progressive course,
COPD is associated with many comorbidities.
The disease primarily affects lungs, but systemic
inflammation associated with COPDmay serve as
a possible causative factor responsible for the
onset or deterioration of diseases such as ischemic
heart disease, diabetes, and depression (Barnes
and Celli 2009). Respiratory difficulties in the
night-time and sleep apnea which are common
among those patients contribute to changes in
sleep pattern and result in daytime sleepiness.
The percentage of COPD patients who report
sleep problems is high; it is estimated between
16% and 75%. The most common sleep problems
include insomnia, restless legs syndrome, and
obstructive sleep apnea (Garrow et al. 2015).
Complex and multi-dimensional sleep restriction,
and consequently insufficient night rest, lead to
problems with daily functioning and also may
impact endocrine functions as well as metabolic
and inflammatory responses (Banks et al. 2010).

In COPD patients, the occurrence of sleep
disorders has a direct effect on the disease course.
Coexistence of sleep problems is associated with
disease severity, more frequent exacerbations,
greater use of emergency health care, and higher
mortality (Omachi et al. 2012). However, sleep
disorders may reversely contribute to worsening
of the course of COPD by reducing patient adher-
ence to treatment. In this study, we attempted to

shed more light on the association between sleep
disorders and adherence to inhalation therapy. We
believe that a better understanding of
non-adherence among COPD patients can help
improve both clinical and economic outcomes in
this group of patients. Therefore, the aim of the
study was to evaluate quality of sleep among
patients with COPD and to assess the relationship
between poor sleep quality and adherence to treat-
ment with inhalation therapy.

2 Methods

The study included 106 patients with COPD
(42 women and 64 men) with a mean age of
70.2 � 5.9 (range 60–80) years of age, who
were treated due to COPD at the Department of
Internal Medicine in the Fourth Military Teaching
Hospital in Wroclaw, Poland. Clinical and
sociodemographic data were collected at the
time of answering the questionnaires. Patients
were classified into four categories according to
the GOLD classification: GOLD 1 –mild; GOLD
2 – moderate; GOLD 3 – severe, and GOLD 4 –

very severe (Vogelmeier et al. 2017). Addition-
ally, patients were asked about their general feel-
ing, the effect of the disease on daily activity, the
quality of sleep, and the undertaking inhalation
therapy such as short- and long-acting
bronchodilators, theophylline, or glucocorticoids.

Quality of sleep was assessed using the
Pittsburgh Sleep Quality Index (PSQI). This
scale measures sleep quality in seven domains
which are scored from 0 to 3 each. The total
score ranges between 0 and 21. The result above
5 denotes poor sleep quality. The PSQI question-
naire has 89.6% sensitivity and 86.5% specificity
for identifying cases with sleep disorders, using a
cut-off score of 5. This questionnaire proved to
have high internal consistency as indicated by
Cronbach’s alpha of 0.83 and sufficient internal
homogeneity (Mollayeva et al. 2016; Buysse
et al. 1989).

The intensity of daytime sleepiness was
assessed with Epworth Sleepiness Scale (ESS)
(Johns 1991). The questionnaire consists of
8 items which described a possibility of falling
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asleep in particular situations. The probability
was scored from 0 (no chances) to 3 (very high
probability). The total score ranges from 0 to 24.
The score above 10 denotes increased daytime
sleepiness. For the purpose of this study, it was
assumed that the score of 10 and below was
normal, between 11 and 14 denoted mild sleepi-
ness, between 15 and 18 moderate sleepiness, and
above 18 severe sleepiness. The advantages of
using ESS include its simplicity and high reliabil-
ity for measuring persistent daytime sleepiness in
adults. It also has a high level of internal consis-
tency (Cronbach’s alpha of 0.88) (Johns 1992).

Adherence to pharmacotherapy was evaluated
using the 12-item Polish version of Adherence to
Refills and Medications Scale (ARMS). Possible
score ranges from 12 (optimal adherence) to
48 (complete lack of adherence). Due to the fact
that none of the patients investigated obtained an
optimal result, the groups were classified as hav-
ing moderate adherence level (13–30 scores) and
poor adherence level (31–48 scores). The original
version of ARMS has high internal consistency
(Cronbach’s alpha of 0.81) and the results signifi-
cantly correlate with those measured by the
Morisky adherence scale (Kripalani et al. 2009).

2.1 Statistical Analysis

Nominal variables (sex, marital status, etc.) and
ordinal variables (educations status, general feel-
ing status, etc.) were presented as means and
percentages. Comparison between groups with
and without good and poor sleep quality (categor-
ical variables) was conducted using contingency
tables and assessed with the Pearson chi-squared
test or in case of four-fold contingency tables with
the chi-squared test with Yates correction or the
Fisher exact test. Quantitative variables were
presented as means�SD. Conformity of distribu-
tion of continuous variables with the theoretical
normal distribution in both groups of different
sleep quality was verified with the Shapiro-Wilk
test. Empirical distributions of body mass index
(BMI) and age were other than normal (p < 0.05),
so that their medians were compared with the
non-parametric Mann-Whitney U test used.

Differences were considered statistically signifi-
cant at p < 0.05. All questionnaire data were
collected in Microsoft Excel spreadsheet and sta-
tistically analyzed using the Statistica v12PL
(StatSoft, Cracow, Poland).

The internal consistency and reliability of the
Polish version of ARMS questionnaire were deter-
mined by computing Cronbach’s alfa and by cal-
culating the correlation coefficient for scale items.
The general assumption was made that a scale is
considered of adequate internal consistency when
alfa is �0.7 and items are of adequate similarity
when a correlation coefficient is �0.3.

To evaluate the diagnostic importance of
selected factors affecting adherence, the receiver
operating characteristic (ROC) curve was used.
The area under the curve (AUC) was used as a
summary index for the discrimination of a test
between patients with moderate and poor
adherence.

3 Results

There were 65 (61.3%) patients with PSQI �5
which suggested poor sleep quality, while
41 (38.7%) did not present any signs of sleep
problems. There were many differences between
patients with and without sleep disorders. Patients
who experienced sleep problems were older
(p < 0.001), more often retired (p < 0.001), and
more often lived alone (p < 0.001). There were
more active smokers among them (p < 0.001).
They also weighed 3 kg more on average
(p ¼ 0.011). Responders with sleep disorders
experienced more problems with their health
resulting in more frequent admissions to the hos-
pital (p < 0.001) and longer hospitalizations
(p < 0.001). They reported lower general feeling
(p < 0.001) then respondents without sleep
disorders. The comparison of clinical and social
characteristics of the study group between
respondents with and without sleep disorders is
presented in Table 1.

Only did 26 (24.5%) patients report no day-
time sleepiness. Out of the 80 (75.5%) patients
with daytime sleepiness, a mild level of daytime
sleepiness was observed in 30 (28.3%) patients,
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Table 1 Sociodemographic and clinical characteristics of chronic obstructive pulmonary disease (COPD) patients by
sleep quality

Variable

Total Good sleep quality Poor sleep quality

p-valuen ¼ 106 n ¼ 41 n ¼ 65

Gender, n (%) 0.917
Women 42 (39.6%) 17 (41.5%) 25 (38.5%)
Men 64 (60.4%) 24 (58.5%) 40 (61.5%)

Age; years (mean � SD) 70.2 � 5.9 67.2 � 4.8 72.0 � 5.9 <0.001
BMI; kg/m2 (mean � SD) 25.2 � 5.7 23.6 � 3.9 26.3 � 6.4 0.011
Marital status; n (%) <0.001
In partnership 57 (53.8%) 34 (82.9%) 23 (35.4%)
Single 20 (18.9%) 4 (9.8%) 16 (24.6%)
Widow/widower 29 (27.4%) 3 (7.3%) 26 (40.0%)

Place of residence; n (%) 0.703
Rural area 32 (30.2%) 11 (26.8%) 21 (32.3%)
City 74 (69.8%) 30 (73.2%) 44 (67.7%)

Education; n (%) 0.027
Primary 38 (35.8%) 13 (31.7%) 25 (38.5%)
Secondary 50 (47.2%) 16 (39.0%) 34 (52.3%)
High 18 (17.0%) 12 (29.3%) 6 (9.2%)

Employment status; n (%) <0.001
Employed 29 (27.4%) 22 (53.7%) 7 (10.8%)
Unemployed 4 (3.8%) 1 (2.4%) 3 (4.6%)
Pensioner 73 (68.9%) 18 (43.9%) 55 (84.6%)

Active smoking; n (%) <0.001
Yes 84 (79.2%) 24 (58.5%) 60 (92.3%)
No 22 (20.8%) 17 (41.5%) 5 (7.7%)

Pack-years of smoking (mean � SD) 36.3 � 24.2 19.6 � 17.4 46.8 � 21.9 <0.001
Previous hospitalizations; n (%) <0.001
�4 51 (48.1%) 38 (92.7%) 13 (20.0%)
5–8 40 (37.7%) 3 (7.3%) 37 (56.9%)
�9 15 (14.2%) 0 (0.0%) 15 (23.1%)

Days of present hospitalization; n (%) <0.001
Up to 7 49 (46.2%) 33 (80.5%) 16 (24.6%)
8–14 36 (34.0%) 8 (19.5%) 28 (43.1%)
15–20 15 (14.2%) 0 (0.0%) 15 (23.1%)
�21 6 (5.7%) 0 (0.0%) 6 (9.2%)

General felling; n (%) <0.001
Excellent 1 (0.9%) 1 (2.4%) 0 (0.0%)
Good 46 (43.4%) 37 (90.2%) 9 (13.8%)
Moderate 34 (32.1%) 3 (7.3%) 31 (47.7%)
Poor 25 (23.6%) 0 (0.0%) 25 (38.5%)

GOLD categories; n (%) <0.001
GOLD 1 27 (25.5%) 25 (61.0%) 2 (3.1%)
GOLD 2 44 (41.5%) 16 (39.0%) 28 (43.1%)
GOLD 3 23 (21.7%) 0 (0.0%) 23 (35.4%)
GOLD 4 12 (11.3%) 0 (0.0%) 12 (18.5%)

Inhalation therapy
SAMA 28 (26.4%) 14 (34.1%) 14 (21.5%) 0.227
SABA 13 (12.3%) 12 (29.3%) 1 (1.5%) <0.001
LABA 63 (59.4%) 13 (31.7%) 50 (76.9%) <0.001

(continued)
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while moderate and severe in 25 (23.6%) each.
Results of the ARMS questionnaire showed that
there were no patients with optimal adherence to
pharmacotherapy in the study group; 58 (54.7%)
presented moderate adherence level and
48 (45.3%) poor adherence level. Details of day-
time activities and sleep quality, the presence of
daytime sleepiness and sleep disorders, and the
level of adherence to treatment in the study group
by the presence or lack of sleep disorders are
presented in Table 2.

The assessment of the relationship between
adherence to treatment and quality of sleep
showed moderate relationship between those
two variables (r ¼ 0.562), which denotes that
worse adherence was associated with greater
sleep disorders. The graph of the correlation
between adherence to treatment and quality of
sleep is presented in Fig. 1.

In the study groups of patients suffering from
COPD, ARMS questionnaire proved to be of high
overall internal consistency. Cronbach’s alpha for
the scale was 0.85 and it satisfied Nunnally’s
criterion of 0.7. The item-total correlation coeffi-
cient was 0.334. Item analysis of ARMS question-
naire is presented in Table 3. The ROC analysis
showed that the number of previous
hospitalizations below 4, ESS below 12 scores,
and PSQI below 5 scores are the best discriminators
that help identify patient adherence. Summary of
ROC analysis is presented in Table 4.

4 Discussion

More than half (61.3%) of the COPD patients
from our study experienced poor sleep quality as
measured with PSQI. Additionally, patients

classified as not having sleep disorders reported
relatively high daytime sleepiness of the mean 9.5
scores as measured with ESS, while patients clas-
sified as having sleep disorders achieved a mean
score of 17.3. The presence of sleep disorders
translated into worse well-being. The study
group presented with a low level of adherence to
treatment; none of the patients had good adher-
ence. The level of adherence correlated with the
presence of sleep disorders.

The association of COPD and sleep disorders
has been known for long (Klink and Quan 1987).
The prevalence of sleep disorders in COPD patients
reaches 60%. However, the quality of sleep is not
routinely assessed by clinicians due to nonspecific
complaints and as such, the coexistence of sleep
disorders may be underestimated (Jen et al. 2016).
Sleep profile differs between healthy controls and
patients with COPD who report increased rate of
symptoms such as insomnia; difficulty in initiating
and maintaining sleep; obstructive sleep apnea;
daytime sleepiness, and restless legs syndrome
(Shawon et al. 2017; Budhiraja et al. 2015;
Valipour et al. 2011). Patient-reported symptoms
of impaired sleep are accompanied by biochemical
changes responsible for nocturnal oxygen
desaturation which manifest by reduced mean
peripheral capillary oxygen saturation and
increased sleep time spent with peripheral capillary
oxygen saturation below 90% (Shawon et al.
2017). Our study confirms the high prevalence of
sleep disorders among COPD patients. The mean
score of PSQI was 9.9 which indicates poor overall
quality of sleep. Only one fourth of our patients
reported no daytime sleepiness. Patients with
COPD complicated by sleep disorders had worse
general health condition and more severe course of
the disease than those without good sleep quality.

Table 1 (continued)

Variable

Total Good sleep quality Poor sleep quality

p-valuen ¼ 106 n ¼ 41 n ¼ 65

LAMA 62 (58.5%) 17 (41.5%) 45 (69.2%) 0.009
Theophylline 15 (14.2%) 0 (0.0%) 15 (23.1%) <0.001
Glucocorticoid 31 (29.2%) 1 (2.4%) 30 (46.2%) <0.001

SABA short acting beta agonists, SAMA short-acting muscarinic antagonists, LABA long-acting beta2 agonists, LAMA
long-acting muscarinic antagonists
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Table 2 Impact of chronic obstructive pulmonary disease (COPD) on patients’ daily activities, daytime sleepiness,
sleep disorders, and the level of adherence to treatment by sleep quality

Variable

Total Good sleep quality Poor sleep quality

p-valuen ¼ 106 n ¼ 41 n ¼ 65

Disease impact on daily activities; n (%) <0.001
Lack 7 (6.6%) 6 (14.6%) 1 (1.5%)
Mild 27 (25.5%) 24 (58.5%) 3 (4.6%)
Moderate 30 (28.3%) 9 (22.0%) 21 (32.3%)
Large 19 (17.9%) 2 (4.9%) 17 (26.2%)
Very large 23 (21.7%) 0 (0.0%) 23 (35.4%)

Disease impact on sleep quality; n (%) <0.001
Lack 24 (22.6%) 23 (56.1%) 1 (1.5%)
Mild 21 (19.8%) 16 (39.0%) 5 (7.7%)
Moderate 16 (15.1%) 2 (4.9%) 14 (21.5%)
Large 19 (17.9%) 0 (0.0%) 19 (29.2%)
Very large 26 (24.5%) 0 (0.0%) 26 (40.0%)

Rested after the night; n (%) <0.001
Yes 40 (37.7%) 38 (92.7%) 2 (3.1%)
No 66 (62.3%) 3 (7.3%) 63 (96.9%)

ESS score; n (%) <0.001
Normal (0–10 score) 26 (24.5%) 23 (56.1%) 3 (4.6%)
Mild sleepiness (11–14 score) 30 (28.3%) 18 (43.9%) 12 (18.5%)
Moderate sleepiness (15–18 score) 25 (23.6%) 0 (0.0%) 25 (38.5%)
Severe sleepiness (>18 score) 25 (23.6%) 0 (0.0%) 25 (38.5%)

ESS; score (mean � SD) 14.3 � 5.1 9.5 � 2.7 17.3 � 3.7 <0.001
ARMS; score (mean � SD) 23.2 � 6.0 19.1 � 3.5 25.8 � 5.8 <0.001
PSQI; (mean � SD) 9.9 � 6.6 2.4 � 1.2 14.7 � 3.4 <0.001

ESS Epworth Sleepiness Scale, ARMS Adherence to Refills and Medications Scale, PSQI Pittsburgh Sleep Quality Index
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Studies from the literature show that factors such as
quality of sleep, acceptance of illness, and severity
of COPD symptoms contribute to reduced quality
of life (Uchmanowicz et al. 2016; Vardar–Yagli
et al. 2015). As it has been known, concomitant
sleep disorders in COPD patients are associated
with severe symptoms and worse well-being. In
the present study, we aimed to assess if they are
also associated with poor adherence to treatment as
follow doctors’ instructions is crucial for successful
therapy.

Many efforts are undertaken to improve patient
compliance because medication nonadherence
jeopardizes outcomes and increases the costs of
treatment (van Boven et al. 2016; van Boven et al.

2014). This is especially important in patients with
severe chronic diseases such as COPD. Our study
showed that none of the patients from the study
group had optimal adherence to inhalation treat-
ment. It is worth noting that in our study, ARMS
showed high reliability among COPD patients
(Cronbach’s alpha ¼ 0.85). Reports from the litera-
ture show that about 40% of COPD patients
present with sufficient level of adherence, but on
the other hand, only 1 out of 10 patients use a
metered dose inhaler correctly (Restrepo et al.
2008). Those findings are alarming and show that
adherence to treatment in COPD patients is a com-
plex process of cooperation between the patient and
heath care providers.

Table 3 Item analysis of Adherence to Refills and Medications Scale (ARMS)

Items

Mean SD Item-total Alfa

if item is deleted if item is deleted correlation coefficient if item is deleted

1 21.0 5.4 0.697 0.819
2 21.3 5.3 0.703 0.817
3 21.5 5.4 0.663 0.822
4 21.3 5.4 0.681 0.820
5 21.8 5.5 0.568 0.830
6 21.5 5.5 0.586 0.828
7 21.2 5.3 0.680 0.819
8 21.3 5.6 0.509 0.834
9 21.2 5.6 0.499 0.835
10 21.1 5.5 0.537 0.832
11 20.9 5.4 0.491 0.836
12 20.8 6.2 �0.298 0.890

Table 4 Factors affecting better ARMS score: results of receiver operating characteristic (ROC) curves analysis

Variable Cut-off value Sensitivity Specificity AUC (95% CI)

Age (years) > 71 71.4 57.6 0.635 (0.536; 0.726)
BMI (kg/m2) > 29.7 35.7 84.8 0.508 (0.409; 0.606)
Education Basic or vocational 92.9 18.5 0.536 (0.436; 0.633)
No. hospitalizations > 4 92.9 54.3 0.767 (0.675; 0.844)
Duration of hospitalization > 7 days 64.3 47.8 0.566 (0.467; 0.662)
General feeling Medium Well-being or bad

mood
92.9 50.0 0.703 (0.606; 0.788)

Disease impact on sleep quality Average, large, very big 92.9 47.8 0.713 (0.617; 0.796)
Disease impact on daily
activities

Average, large, very big 92.9 35.9 0.684 (0.587; 0.771)

ESS (score) > 12 scores 100.0 46.7 0.738 (0.644; 0.819)
PSQI (score) > 5 scores 100.0 45.7 0.717 (0.621; 0.800)

AUC area under curve, BMI body mass index, ESS Epworth Sleepiness Scale, ARMS Adherence to Refills and
Medications Scale, PSQI Pittsburgh Sleep Quality Index; values of AUC marked in bold denote the best discriminators
between patient with optimal and poor adherence
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Many factors may affect the level of adherence
to prescribed medications among COPD patients.
Researchers report various types of barriers to
adherence. Intentional barriers include the lack of
perception of the necessity of treatment and
concerns about diagnosis and treatment.
Nonintentional barriers include forgetting and
technical problems with inhalers (improper medi-
cation use) (Horne et al. 2013; Drummond et al.
2008). There are also predictors that help to iden-
tify patients at risk of nonadherence. Fan et al.
(2008) identified depressive and anxiety
symptoms, lower education, and transportation
issues as predictors for poor adherence to pulmo-
nary rehabilitation among COPD patients. Rand
et al. (1995) found better compliance in patients
who were married, older, white, with more severe
dyspnea, less shortness of breath, fewer
hospitalizations, and those who were not confined
to bed for respiratory illnesses. Turner et al. (1995)
added nonsmoking status and stable lifestyle to the
list of predictors for better adherence. A greater
rate of comorbidity and greater polypharmacy also
contribute to poor adherence. The coexistence of
depression seems to play a major role in reducing
adherence (Vetrano et al. 2017; Uchmanowicz
et al. 2016). We found that sleep disorders were
significantly correlated with worse adherence.
Additional factors that help to identify problems
with patient adherence are the number of previous
hospitalizations, ESS score, and PSQI.

The link between sleep disorders and
nonadherence has not been investigated. How-
ever, it was found that in patients with obstructive
sleep apnea which often coexists with COPD,
better sleep quality on the titration was related to
better adherence to continuous positive airway
pressure therapy (Somiah et al. 2012). The asso-
ciation between lower adherence and lower qual-
ity of sleep may possibly be rooted in poor overall
condition of patients burdened with greater num-
ber of symptoms and comorbidities, similarly to
conditions shown previously (Vetrano et al. 2017;
Uchmanowicz et al. 2016). On the other hand,
suboptimal control of COPD rooted in poor
adherence to treatment results in further deterio-
ration of sleep quality due to greater manifesta-
tion of pulmonary symptoms. We recommend

further research on the relationship between
adherences and sleep quality in COPD patients
because an improvement in sleep quality may
increase patient adherence and as a result, reduce
cost of treatment and increase quality of life in
this group of patients.

The study has several limitation. We found the
relationship between poor medication adherence
and poor sleep quality but causality remains to be
studied. In COPD patients, many factors may
worsen the quality of sleep such as dyspnea,
cough, hypoxemia, and hypoventilation, which
all also occur during the nighttime. A number of
comorbidities can contribute to the development
of sleep disorders such as cardiovascular diseases
or mental problems. This study did not take into
account possible causes of poor sleep quality.
Additionally, adherence to medication has a mul-
tifactorial background, but we studied its relation
to quality of sleep only.

5 Conclusions

This study showed the presence of a relationship
between the quality of sleep and adherence to
treatment among patients with COPD. The
Adherence to Refills and Medications Scale
(ARMS) was proved to be a reliable tool for the
assessment of adherence to treatment among
COPD patients. Interventions aimed at improving
sleep quality may be helpful to improve adher-
ence to inhalation therapy in this group of
patients.
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