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ABSTRACT

Introduction: Chronic obstructive pulmonary disease (COPD) and Obstructive sleep apnea (OSA) cause an inflammatory response and
hypoxia. Patients who have both conditions have increased morbidity and mortality. Overlap syndrome between OSA and COPD is
important but under-recognised. Objectives: We aimed to determine the prevalence and severity of overlap syndrome in patients with
COPD through the overnight standard polysomnography. Methods/Design: A consecutive single-center cross-sectional study will be
performed. The design, conduct and report of this study followed the guidelines of the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement. The sample will be of convenience, recruited consecutively with respiratory complaints that
seek care in a private clinic specializing in pulmonology in the city of Cascavel, in the state of Parand, from September 2016 to July 2017.
All subjects will be submitted to the same evaluation protocol described subsequently. Initially will be collected data on baseline
demographic, anthropometric and clinical aspects, including body mass index, neck, hip and waist circumferences, respiratory and
cardiac rates, peripheral blood pressure, and BODE index. After this phase of the study, patients will perform lung function tests through
petismography, sleep studies using the standard overnight PSG, and respond to the Berlin and Pittsburgh questionnaires, and Epworth
Sleepiness Scale.
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Trial Registration: This protocol study has been approved by the Research Ethics Committee of the Nove de Julho University (Brazil),
process n°370474/2010, and will be registered on ClinicalTrials.gov.
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BACKGROUND

Chronic Obstructive Pulmonary Disease (COPD) is
a common, preventable and treatable disease that is
characterized by persistent respiratory symptoms and airflow
limitation that is due to airway and/or alveolar abnormalities
usually caused by significant exposure to noxious particles or
gases.+23)

COPD is currently the fourth leading cause of death in
the world but is projected to be the 3rd leading cause of
death by 2020.”% More than 3 million people died of COPD
in 2012 counting 6% of all deaths globally. COPD represents
an important public health challenge that is preventable
and treatable. COPD is a major cause of chronic morbidity
and mortality throughout the world; many people suffer

from this disease for years, and die prematurely from it or
its complications. Globally, the COPD burden is projected to
increase in incoming decades because of continued exposure
to COPD risk factors and aging of the population.®

Overlap syndromeis aterm used to describe the coexistence
of obstructive sleep apnea (OSA) and COPD, and was first time
proposed by the researcher David Flenley, when he estimated
that this association of two common diseases probably
involved many patients.® Indeed, research has indicated a
high prevalence of OSA in COPD patients, including one recent
study which shows up that 66% of the COPD patients, who
enrolled in pulmonary rehabilitation, tested positive for OSA.”
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Furthermore, patients with overlap syndrome may experience
worsening symptoms of COPD.®

COPD has an estimated prevalence in U.S. adults of
13.9%>1° and OSA, a sleep disorder hallmarked by repeated
episodes of upper airway closure, affects 9% to 26% of the
U.S. adult population.®® The term “overlap syndrome” has
been used to describe the association of both conditions in
a single patient.®

Patients with overlap syndrome have a worse prognosis
compared with COPD or OSA. During sleep, patients with
both COPD and OSA suffer more frequent episodes of oxygen
desaturation and have more sleep time with hypoxemia and
hypercapnia than OSA patients without COPD."? The apneic
events in patients with combined OSA and COPD have
more profound hypoxemia and more cardiac arrhythmias.
13 Additionally, patients with combined COPD and OSA are
more likely to develop daytime pulmonary hypertension than
patients with just OSA or COPD alone.41%)

Among the main clinical consequences of the overlap
syndrome, we give attention to the increased incidence
of exacerbations, prolonged oxygen desaturation during
sleep, which can lead to increased systemic and pulmonary
blood pressure. This facts increases the risk of pulmonary
hypertension, right heart failure and/or cor pulmonale. 617

Hawrylkiewicz et al. (2004), showed that the prevalence of
pulmonary hypertension in OSA patients was 16% compared
to 86% in overlap syndrome patients.*® Other studies, showed
higher mortality rates compared to those with either COPD
or OSA alone.™2Y A study conducted by Lavie et al. (1995),
founded that mortality rates were seven times higher in
the overlap syndrome population,?? while McNicholas and
Fitzgerald (1984) observed the higher incidence of mortality
at night study®¥, and other study reported a poorer quality
of life. 24

Independently, COPD and OSA are highly prevalent
disorders®?>?7, so the risk of overlap syndrome should be
relatively high. Recent studies estimate that the prevalence
of COPD?*>?¥ is approximately 10% while OSA compromises
about 9% to 26% of the adult population.®?”2°3% The overlap
syndrome presents considerable prevalence among patients
with COPD313%) gnd carries additional prognostic implications
relating to worsening respiratory failure, cardiovascular and
other co-morbidities, and ultimately survival.®®

OSA and COPD are common inflammatory systemic
disorders with increasing prevalence. Not well documented
in the literature, the overlap syndrome leads to increased
disease severity, morbidity and mortality. Identifying and
appropriately treating OSA in patients with COPD can improve
disease outcomes, it is very important to clinicians recognize
in advance patients who are presenting signs and symptoms
of sleep-disordered breathing, especially those with COPD, so
they may be treated appropriately.

\..
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AIMS AND HYPOTHESIS
STUDY OBJECTIVES

Main objective

To determine the prevalence and severity of Overlap
syndrome in patients with COPD, through the overnight
standard polysomnography.

Secondary objectives

- To verify the prevalence of excessive daytime sleepiness,
the risk for OSA, and quality of sleep through the Epworth
Sleepiness Scale, Berlin questionnaire, and Pittsburgh
Questionnaire in patients with COPD;

- Identify whether the presence of OSA in patients with
COPD is correlated with age, neck and waist circumference,
pulmonary function, and BODE index.

Our hypothesis is that there should be a correlation
between the severity of OSA and the physiological and clinical
variables from the patients with COPD.

STUDY DESIGN AND SETTING

The design, conduct and report of this study followed the
guidelines of the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) ©7 statement, according to
figure 1. A consecutive, single-center, cross-sectional study
will be performed, to investigate the prevalence and severity
of Overlap syndrome in patients with COPD. The sample will
be of convenience, composed of patients seeking care in a
private clinic specialized in pulmonology in the city of Cascavel,
extreme west of the state of Parand.

ETHICAL AND LEGAL ASPECTS

This protocol study has been approved by the Research
Ethics Committee of the Nove de Julho University (Brazil),
process n°370474/2010. The study will be conducted in
accordance with the ethical standards established in 1961
by Declaration of Helsinki and will be in accordance with the
Regulatory Guidelines and Standards of Research Involving
Human Subjects of Comissao Nacional de Etica em Pesquisa
(CONEP) do Ministerio da Saude published in December, 2012.
The signing of the free and informed consent will be required
from all patients, and they will be allowed to withdraw from
the study at any time without any negative consequences.
Patients with severe clinical problems will be referred to
the appropriate treatment aimed at their health status and
quality of life.

SUBJECTS AND RECRUITMENT PROCEDURE

Subjects will be recruited consecutively with respiratory
complaints that seek care in a private clinic specializing in
pulmonology in the city of Cascavel, in the state of Parand, from
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Figure 1. Study flowchart

September 2016 to July 2017. Adult patients diagnosed with
COPD based on the Global Initiative for Chronic Obstructive
Lung Disease (GOLD)®%3 definition and spirometric criteria,
clinically stable for at least 2 months will be invited to
participate in the study. None of the participants may have
previously participated in a pulmonary rehabilitation program.

Eligibility criteria

The COPD patients will be enrolled in this prospective study
according to the following inclusion criteria. Clinical diagnosis
of COPD based on the GOLD guideline.®® Patients will be

* Poor quality of the exam

grouped according to FEV1% values to assess the severity of
airflow obstruction. Patients with FEV1>80% were defined as
having mild, FEV1 50%—79% moderate, FEV1 30%—49% severe,
while FEV1<30% as very severe airflow obstruction, and have
not had an episode of exacerbation for at least 4 weeks before
being involved in the study. The clinical stability criterion was
defined as being of stable symptomatology (dyspnea, volume
or color of secretion), with no therapeutic variation, no use of
antibiotics and steroids, unless it was of chronic use.
According to the exclusion criteria, patients with lung
diseases other than COPD (e.g., asthma or bronchiectasis),
Cor pulmonale, respiratory analeptic utilization, uncontrolled



Overlap Syndrome: OSA in COPD patients (

hypertension, unstable angina, left heart failure, congenital
heart disease, severe comorbidity such as hepatic cirrhosis,
chronic renal failure, uncontrolled diabetes and active
malignancy, neuromuscular disorders, sequelae of stroke and
subjects previously submitted to pneumonectomies or other
chest surgeries were excluded. The presence of comorbidities
will not be considered as exclusion criteria, since they are
stable and the great majority of COPDs are elderly, commonly
affected by multiple comorbidities.

CLINICAL EVALUATION

All subjects will be submitted to the same evaluation
protocol described subsequently. Initially, will be collected
data on demographic, anthropometric and clinical baseline
for all recruited patients, including body weight (kg), height
(m), BMI, neck, hip and waist circumferences (cm), respiratory
and cardiac rates, and peripheral blood pressure. Arterial
blood samples will be obtained in the supine position by radial
puncture. After this phase of the study, patients will perform
lung function tests through petismography, sleep studies
using the standard overnight PSG, and respond to the Berlin
and Pittsburgh questionnaires, and Epworth Sleepiness Scale.

Waist and neck circumferences

The circumferences measurement will be performed with
the patients in an anatomical position, using a non-elastic
tape measure, parallel to the ground, with an accuracy of
0.1cm. The measuring points will be standardized as following,
according to scientific literature. For the waist’s circumference,
the measuring in the middle between the inferior border
of the last rib and the iliac crest will be used; fixating the
zero point tape to the thorax from the axillary line’s level,
which is going to be used (axillary, xiphoidian or abdominal).
The neck’s circumference will be taken horizontally on the
cricoid cartillage.“-#

Plethysmography

Pulmonary function tests will be performed at the Pulmonary
Function Laboratory of the Cascavel Lung Institute through
the Jaeger Vmax plethysmograph (Care Fusion - Pneumotach
ID 0-25A6-221C-1A9A, Germany) following the national
guidelines for conducting pulmonary function of SBPT** and
ERS“+48) All patients will be plethysmography in the sitting
position according to standards established by the ATS/ERS.
The diagnosis of COPD was confirmed as a post-bronchodilator
forced expiratory volume in 1s (FEV1)/with a forced vital
capacity ratio of 0.7. The severity of the disease was graded
according to the Global Initiative for Chronic Obstructive Lung
Disease guideline. ®°

The data collected from plethysmograph will be forced vital
capacity (FVC), forced expiratory volume in 1s (FEV1), total
lung capacity (TLC), FEV1/FVC ratio, inspiratory capacity (IC),
residual volume (RV) and resistance of upper airway (RAW).

),
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COPD was defined as an FEV1/FVC ratio <75%; the severity was
determined based on the percent of predicted FEV1.

BODE index

The BODE index integrates four factors relevant to the
respiratory, perceptive, and systemic aspects of COPD,
including BMI, the degree of airflow obstruction, functional
dyspnea, and exercise capacity; the latter is assessed with
a 6-min walking test (6MWD). Each component is graded
and a composite score from 1 to 10 is obtained, with higher
scores indicating greater severity. The index score reflects the
impact of both pulmonary and extrapulmonary factors on the
prognosis and survival in COPD.#”

Sleep study parameters

An attended nocturnal polysomnography will be
performed using standard techniques in all patients at
their approximate routine sleeping hours. Via the Alice
5 system, (Philips Respironics, Pittsburgh, PA, USA), the
following channels will be registered: electroencephalogram
(C3/A2, C4/A1, O1/A2, 02/A1), bilateral electrooculogram
(EOG), submental and anterior tibialis electromyogram
(EMG), EKG, rib cage and abdominal motion by inductive
plethysmography, body position, nasal cannula/pressure
transducer system for respiratory monitoring and oximetry
with digital signal extraction (Masimo®, Irvine, CA, USA).

The PSG exams will be manually analyzed according
to the criteria of Rechtschaffen and Kales by an expert
polysomnographic technologist.*® Arousals and respiratory
events were scored using the American Academy of Sleep
Medicine criteria.* Respiratory events consisted of apneas,
defined as a reduction in air flow = 90% associated with
sustained chest and abdominal effort, hypopneas, defined
as a reduction in air flow = 50% associated with sustained
chest and abdominal effort, and RERA events, defined as
inspiratory flow limitation events followed by an EEG arousal
which was not associated with any other sleep disturbance.
The apnea-hypopnea index (AHI) included obstructive
apneas and hypopneas linked to oxyhemoglobin drop = 4%.
The respiratory disturbance index (RDI) consisted of the
addition of the RERA hourly index to the AHI. 5051

Sleep quality will be objectively assessed in all study
patients by obtaining the following measurements: sleep
efficiency (time asleep/time in bed), sleep architecture, latency
to persistent sleep and the arousal index.

Pittsburgh Sleep Questionnaire Index

The Pittsburgh Sleep Questionnaire Index (PSQl) will
be used to assess the quality of sleep. The PSQI consists of
19 items and provides a well-validated global index of sleep
quality over the previous 1-month time interval. PSQl greater
than 5 is generally considered an indicator of poor sleep
quality.®?
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Epworth Sleepiness Scale

The Epworth Sleep Scale (ESS) is a self-applicable
guestionnaire, based in questions about situations of
excessive sleepiness involving daily activities. The subjects
will be oriented to classify in a scale of 0 to 3 the probability
of feeling sleepy or falling asleep in eight different situations.
Being zero no probability of falling asleep at all, one small
probability of it happening, two moderate probability and
three high probability. 354

Berlin Questionnaire

The Berlin Questionnaire (BQ) is a clinical questionnaire of
acknowledged efficacy on verifying risk for OSA. This instrument
is composed by ten items, organized in three categories relative
to snore and OSA (containing 5 items), daytime sleepiness
(4 items) SH and obesity (1 item). Any bolded answer is
considered positive. The punctuation is divided in three
categories in which category 1 is considered positive with
two or more positive answers for questions 1 to 5. Category
2 is considered positive with two or more positive answers
to questions 6 to 8 and category 3 is considered positive if
the answer for question 9 is yes or the BMI is over 30 kg/m?2.
Two or more positive categories indicate a high risk for OSA.®%

STATISTICAL ANALYSIS

Data of patients will be presented as mean * standard
deviation, in the appropriate text and tables. Fisher’s exact test
was used for categorical variables and independent sample
t-test was used for continuous variables to compare patients
with overlap syndrome against those without it. Correlation
analysis and multivariate linear regression analysis were used
to determine the relationship between the demographic,
anthropometric, polygraphic and laboratory parameters
with AHI. The correlations were scored as weak (r=0-0.49),
moderate (r=0.5-0.74) or strong (r=0.75-1). The data was
assessed in 95% confidence interval and the statistical
significance value was P<0.05. All analyses were performed
using the Statistical Package for the Social Sciences version 19.0
(SPSS Inc, Chicago, IL, USA). A p-value < 0.05 was considered
statistically significant.

Sample size

The study by Soler et al. (2016)7 identified a 65.9%
prevalence of Overlap syndrome in patients with COPD,
according to AHI greater than 5 events per hour (the effect
of expected size). Using the standard deviation observed
by the study of 20.8 events / h and assuming a = 0.05 and
power = 80%, the required sample was estimated in 33
patients. Six patients (20%) will be added to compensate for
possible sample losses.

([ )
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FINAL CONSIDERATIONS

Overlap syndrome, or the coexistence of OSA and COPD,
are common inflammatory systemic disorders with increasing
prevalence that causes more significant oxygen disturbances
than does either of these disorders alone.?%%) Patients have
significant reductions in sleep efficiency, oxygen desaturations,
as well as increased arousal index and daytime sleepiness.?%

When they coexist, their syndrome leads to increased
disease severity, morbidity, and mortality. Treating OSA
in patients with COPD can improve disease outcomes, so
clinicians must strive to recognize patients who are prone
to sleep-disordered breathing, especially those with airway
disease, so they may be treated appropriately.

The quality of sleep in COPD is compromised by several
factors, and additional studies on this topic are needed to
fully assess the relationship between COPD and OSA, towards
early diagnosis and to identify therapeutic interventions that
may improve overall quality of life and survival in patients
with COPD.

Description of risks
There will be no risks for included patients.
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