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The prevalence of obstructive sleep apnea in patients hospitalized
for COPD exacerbation

Pavel Turcani®®, Jana Skrickova®<, Tomas Pavlik¢, Eva Janousova‘, Marek Orban?

Background. The concurrence of obstructive sleep apnea (OSA) and chronic obstructive pulmonary disease (COPD)
is generally identified as an overlap syndrome. Only limited evidence is available on the prevalence of OSA in patients
with stable COPD, and essentially no data on the prevalence of OSA in patients hospitalized for COPD exacerbation.
The aims of the study were to determine the ratio of concurrence of OSA in patients hospitalized for COPD exacerba-
tion and to identify the confounders of OSA detected in COPD subjects.

Methods. 101 patients were hospitalized for COPD exacerbation at the Department of Respiratory Diseases in the
course of four months. Seventy-nine consecutive patients were enrolled in the study and in 35 of these subjects polyg-
raphy was performed. Descriptive statistics, Mann-Whitney test, Kruskal-Wallis test, Spearman correlation and Fisher's
test were used to summarize and evaluate results.

Results. In 18 (51.4%) subjects with polygraphy examination, the apnea-hypopnea index (AHI) > 5 indicated the
presence of OSA. The AHI value, and thus the severity of the sleep disorder, correlated with the class of the Mallampati
score, presence of snoring, apnea, coronary heart disease, diabetes mellitus in patient's history, height, body mass
index, neck, waist and hip circumferences, and the value of the Epworth sleepiness scale.

Conclusion. Polygraphy performed in patients hospitalized for exacerbation of COPD indicated an increased prevalence

of OSA compared to the general population and stable COPD patients.
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INTRODUCTION

COPD is a disease characterized by airflow obstruc-
tion which is not fully reversible. In the European Union,
the number of patients with COPD is estimated at 4-6%
of the population while in the U.S. adult population it is
more than 5% (ref.'?). COPD aggravates health-related
quality of life, morbidity and mortality®. One measure of
clinical severity and prognosis of this disease is the num-
ber of clinical deteriorations - exacerbations - per year*®.

OSA is characterized by periodic apneas and hypop-
neas during sleep that cause daytime sleepiness, affect
the quality of life and lead to changes in the cardiopul-
monary system’. OSA is found in about 5% - 15% of the
population. The severity of the disease is expressed by the
apnea-hypopnea index (number of apneas and hypopneas
per hour - AHI) or oxygen desaturation index (number of
decreases in oxygen saturation of hemoglobin per hour -
ODI). According to the AHI values, OSA can be divided
into mild OSA (AHI below 5 per hour), moderate OSA
(AHI 5-15 per hour), and severe OSA (AHI over 15 per
hour). The presence of OSA affects the quality of life®,
morbidity®'® and mortality!". Patients with serious OSA
are eligible for noninvasive ventilation (NIV), which im-
proves their health and reduces mortality'>",
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A simultaneous occurrence of COPD and OSA in a
patient is called the overlap syndrome (OS) (ref.”). The
results of studies on the prevalence of OS vary consider-
ably. While some studies indicate a prevalence of OS of
up to 29% (ref.'®), other studies seem to deny the link
between COPD and (mild) OSA (ref."”'®). This is prob-
ably caused by the fact that the definitions of each of
these diseases have been evolving over time, the diagnostic
algorithms have not always been consistent, both COPD
and OSA have several stages of severity, and different
prevalence studies have been using different methodolo-
gies!. Therefore it is not easy to compare similar data
retrospectively. Compared with patients who have either
OSA or COPD, patients with the OS have poorer quality
of life, increased morbidity and mortality?*?¢. Although
obese COPD patients are at high risk of serious events
(hospitalization) per year?’?, literary recommendations
to examine patients with stable COPD at sleep labora-
tories are made only cursorily, if at all'. To the best of
our knowledge, there are no published data aiming at the
identification of OSA in patients hospitalized for COPD
exacerbations. No recommendations are currently avail-
able as to which patients hospitalized for COPD exacer-
bation should be examined in the sleep laboratory. As
OSA in patients with COPD significantly aggravates their
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clinical status and the severity of their exacerbations, we
hypothesized that polygraphy, a simple screening test in
patients hospitalized for COPD exacerbation, could lead
to detection of clinically significant forms of OS where
NIV would significantly improve their outcomes.

Objective
Primary endpoint: What is the prevalence of OSA in
patients hospitalized for COPD exacerbation?
Secondary endpoints: To describe characteristic clini-
cal confounders of OS in population with COPD exacer-
bations.

METHODS

Population

The study was conducted at the Brno University
Hospital's Department of Respiratory Diseases and
Tuberculosis during the period from February to May
2013. After discontinuation of oxygen therapy (i.e. phy-
sician in charge of the case decided that the nighttime
oxygen therapy was dispensable for one night), we first
evaluated the characteristics of consecutive patients hos-
pitalized for COPD exacerbation in the light of the study
inclusion criteria (the patient was diagnosed with exacer-
bation of COPD indicated for hospitalization when this
was the diagnosis on admission, based on the clinical deci-
sion of the physician and patient requiring antibiotic treat-
ment and/or oral or intravenous corticosteroids). Those
patients who gave consent to the examination, co-oper-
ated well, were not treated with long-term home oxygen
therapy, had no qualitative impairment of consciousness
which would limit their co-operation, had no tracheos-
tomy cannula, were not treated for cancer, their perfor-
mance status made it possible to treat them in standard
wards, were not rehospitalized after having been already
examined, and did not die during hospitalization, were
included it in the study and examined polygraphically.
Diseases listed among comorbidities were the following:
cardiovascular diseases, diabetes mellitus, depression and
hypertension. Diseases outside this list were tagged as
“other disease”. These were identified from the patient
files and documentation. The study was approved by
the Institutional Review Board and all patients enrolled
signed the consent form.

Study design

In our single-center, prospective study all the patients
who met the inclusion criteria and signed the consent
form were examined by the same somnologist, member
of the Respiratory Department. The following parameters
were recorded: gender, height, weight, BMI, neck, waist,
and hip circumferences, Mallampati score (i.e. classifica-
tion of larynx visibility to predict the ease of intubation,
from 1, easiest, to 4, most difficult), history of snoring,
history of apnea, and results of the Epworth sleepiness
scale. All patients were subsequently examined polygraph-
ically. In order to ensure the reproducibility of the results,
the polygraphy was performed after the clinical status
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of the patient was considered stable and did not require
oxygenotherapy. Therefore most of the subjects under-
went polygraphy within 2 days before discharge from the
hospital. If the polygraphic record could not be evaluated
(artifacts in the recordings from individual sensors etc.),
the examination was repeated on the following day. The
relationship between the symptoms and treatment was
not studied.

Limited polygraphy

Monitored individuals were examined in a standard
hospital ward. Polygraphy was performed using the
EasyScreen (Heinen & Lowenstein, Bad Ems, Germany).
The person examined during the night (22:00 - 6:00) was
equipped with a pulse oximeter, nasal cannula, and tho-
racic and abdominal belts to measure the movements of
the chest and the abdomen. We monitored the prevalence
of all types of apnea (defined as complete cessation of na-
sal flow for at least 10 seconds) and hypopnea (defined as
at least a 50% limitation of tidal volumes for 10 s, associ-
ated with at least a 3% decrease in O, saturation. Records
were first evaluated with an automatic algorithm software
supplied with the device by the manufacturer. All results
were subsequently checked and manually edited by the
somnologist. The following parameters were recorded:
AHI, ODI, mean saturation during the limited polygraphy
and percentage of saturation below 90% (T90) of the total
examination time.

Statistics

Descriptive statistics were used to summarize the
data: frequency tables, median, minimum, and maximum.
Statistical significance of differences in continuous COPD
characteristics between patient groups was assessed using
the Mann-Whitney test or Kruskal-Wallis test. The rela-
tionship between categorical COPD and OSAS charac-
teristics was evaluated using the Fisher exact test. Scatter
plots and Spearman rank correlation coefficients were
used to visualize and quantify the relationship between
continuous variables. Standard level for statistical signifi-
cance o = 0.05 was used. Statistically significant results
in the tables are shown in red.

RESULTS

In the course of four months, 101 patients were hos-
pitalized for COPD exacerbation at the Department of
Respiratory Diseases and TB - of these, 22 repeatedly.
Seventy-nine other consecutive patients were reviewed
with regard to the inclusion criteria (Table 1) and 35 of
them were examined polygraphically (descriptive sum-
mary of their characteristics, see Table 2 and Table 3).

Limited polygraphy evaluation with regard
to the prevalence of sleep apnea

Eighteen out of 35 (51.4%) examined patients had
AHI > 5, thus meeting the criteria for the presence of
sleep apnea.
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Assessment of patient characteristics with regard to AHI

AHI and categorical characteristics (Table 2). A sta-
tistically significant relationship was found between AHI
and the Mallampati score (P=0.039), snoring (P=0.005),
apnea reported by the patient (0.016), coronary artery
disease (P=0.004), DM (P=0.010). It is self evident that
higher values of the Mallampati score, the occurrence of
snoring, apnea, coronary artery disease or DM mean an
increase in AHI and thus a more severe OSA.

AHI and continuos characteristics (Table 3). A statisti-
cally significant relationship was found between catego-
rized AHI and weight (P=0.004), BMI (P=0.001), neck
circumference (P=0.003), waist circumference (P=0.001),
hip circumference (P=0.001) and Epworth scale (P=0.005
). It is self evident that with increasing height, BMI, neck,
waist, and hip circumferences and a higher value of the
Epworth scale, AHI increases and so does the severity
of OSA.

Assessment of patient characteristics with regard
to the ODI

ODI and categorical characteristics. A statistically
significant relationship was found between categorized
ODI and the Mallampati score (P=0.002) and the pres-
ence of comorbidities (P=0.035). It is evident that an ODI
above 15/h is more frequent in patients who had a higher
Mallampati score and in patients with comorbities.

ODI and continuous characteristics. A statistically
significant was found between categorized ODI and
weight (P=0.007), BMI (P=0.020), neck circumference

Table 1. Reasons for non-inclusion into the study.

All 79
ICU only

Home oxygen therapy 11
OSA on treatment 9
Tracheostomy cannula 3
Patient refused examination 8
Other 5
Examined with limited polygraphy 35

Other: peptic ulcer rupture, myocardial infarction, acute abdominal
complication requiring surgery.

(P=0.001), waist circumference (P=0.008), and hip cir-
cumference (P=0.024). Patients with ODI over 15/h,
compared with those with ODI under 15/h, had a greater
weight, BMI, neck circumference, waist circumference
and hip circumference.

Assessment of characteristics of patients with regard
to the mean saturation at night

Mean saturation at night and categorical characteris-
tics. A statistically significant relationship was found be-
tween mean night saturation and comorbidities (P=0.027)
and HT (P=0.028). Patients with comorbidity and patients
with HT had lower mean saturation at night than patients
without comorbidity and patients without HT.

Table 2. Summary of categorical characteristics with regard to AHI.

AHI
P value*
Below 5/h 5-15/h Above 15/h
Sex Men 9 (42.9%) 6 (28.6%) 6 (28.6%) 0.738
Women 8 (57.1%) 3 (21.4%) 3 (21.4%)
Mallampati score 1 9 (56.3%) 6 (37.5%) 1 (6.3%) 0.039
2 5 (45.5%) 3 (27.3%) 3 (27.3%)
Jor4 3 (37.5%) 0 (0.0%) 5 (62.5%)
Snoring 7 (36.8%) 3 (15.8%) 9 (47.4%) 0.005
Apnoe reported by patient 1 (14.3%) 1 (14.3%) S (71.4%) 0.016
Comorbidity 13 (41.9%) 9 (29.0%) 9 (29.0%) 0.158
CHD 2 (14.3%) 6 (42.9%) 6 (42.9%) 0.004
DM 1 (10.0%) 4 (40.0%) 5 (50.0%) 0.010
HT 10 (47.6%) 4 (19.0%) 7 (33.3%) 0.371
Depression 4 (80.0%) 1 (20.0%) 0 (0.0%) 0.340
Other disease 4 (40.0%) 2 (20.0%) 4 (40.0%) 0.617
Comorbidities - number 0 4(100.0%) 0 (0.0%) 0 (0.0%) 0.174
(CHD, DM, HT, Depression) 1 6 (60.0%) 3 (30.0%) 1 (10.0%)
2 5 (41.7%) 4 (33.3%) 3 (25.0%)
3 and more 2 (22.2%) 2 (22.2%) 5 (55.6%)

* Fisher exact test

CHD = Coronary heart disease
DM = Diabetes mellitus

HT = Hypertension
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Table 3. Summary of continuous characteristics with regard to AHI.

Below 5/h 5-15/h Above 15/h
(n=17) (n=9) (n=9)
. Med Med Med "
Med (Min;Max) (Min;Max) (Min;Max) (Min;Max) Palue
Age (years) 65 64 67 0.524
66(40;92) (45:79) (40;92) (60;74) ’
Weight (kg) 78 84 112 0.004
86(40;180) (40;118) (60;131) (84;180) '
Height (cm) 168 175 173 0.130
172(150;185) (150;183) (167;183) (153;185) ’
BMI 28 27 37 0.001
30(18;56) (18:44) (19;39) (32:56)
Neck circumference (cm) 41 42 48 0.003
42(32;53) (32:45) (34;50) (39;53) '
Waist circumference (cm) 102 110 135 0.001
114(70;182) (70;143) (83:137) (116;182) )
Hip circumference (cm) 107 111 133 0.001
111(79;145) (79;140) (94;133) (120;145) )
Waist-to-hip ratio 0.98 0.94 1.IT 0.613
0.98(0.77:1.30) (0.87:1.09) (0.77;1.10) (0.87;1.30) ’
Epworth scale 2 2 8 0.005
4(0;24) (0;9) (0;12) (3:24)
* Kruskal-Wallis test
BMI = Body Mass Index
Table 4. Summary of mean nocturnal satuation with regard to OSA.
Below Below Below Below
AHI N Median Minimum Maximum 95% 90% 85% 80%
N (%) N (%) N (%) N (%)
16 6 1 0
Below S/h— 17 %0 80 95 (94.1%) (35.3%) (5.9%) (0.0%)
18 11 4 1
Above 5/h 18 89 60 94 (100.0%) (61.1%) (22.2%) (5.6%)

Mean saturation at night and continuous characteris-
tics. Relationship between mean night saturation and both
age and height was not statistically significant. There was
a statistically significant relationship between mean night
saturation and weight (P=0.012), BMI (P=0.003), neck
circumference (P=0.002), waist circumference (P=0.002),
hip circumference (P=0.046), waist-to-hip ratio (P=0.042)
and Epworth scale value (P=0.026). The higher the
weight, BMI, neck, waist and hip circumferences, waist-
to-hip ratio and the Epworth scale, the lower as the mean
nocturnal saturation (Fig. 1).
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Summary of mean nocturnal saturation with regard to
the presence of OSA

The difference between mean night saturation in pa-
tients with AHI below and above 5/h was not statistically
significant (Mann-Whitney test: P=0.153). Patients with
AHI below 5/h (i.e. without OSA) had a median mean
night saturation 90% (range 80% - 95%), compared with
89% (range 60% - 94%) in patients with AHI higher than
5/h. Even in the group of patients with AHI below 5/h
there were patients with SAT below 90% (Table 4).
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DISCUSSION

Based on the results of the prospective data acquired
in a COPD population with exacerbation requiring in-
hospital care, we found an increased prevalence of OSA
(51%). These patients meet the definition of OS, which is
an important indicator of their prognosis. The AHI value,
representing the severity of the sleep disorder, correlated
with the following clinical and demographic confound-
ers: the Mallampati score, presence of snoring and apnea
in patient's history, presence of coronary heart disease
and diabetes mellitus, height, BMI, neck, waist and hip
circumferences, and the value of the Epworth sleepiness
scale.

Studies that investigate OSA in patients with bronchi-
al obstruction, or bronchial obstruction in patients with
OSA (ref.'®3"), are performed in patients with COPD
in stable condition.

The presence of OSA in patients with COPD increases
the risk of exacerbation and shortens the time to the first
exacerbation?. It can be assumed that the examination
focused on the search for OSA in patients hospitalized
for COPD exacerbation will increase the probability of
OS detection in comparison with the same examination
done in patients with COPD without exacerbation. To
date, this study is so far the only one that focuses on
OSA in patients hospitalized for COPD exacerbation.
The number of OS cases detected among consecutive
patients hospitalized for COPD exacerbation probably
has seasonal linkage as well as linkage with the character
of the department where the research was carried out
(greater prevalence of COPD exacerbations during the
winter months, a greater number of patients hospitalized
for COPD exacerbation at a specialist respiratory unit).
Eighteen out 35 (51.4%) patients met the criteria for the
presence of sleep apnea. With regard to the number of
these patients, it seems that once a patient is admitted to
hospital for an exacerbation of COPD, the hospitalization
could as well be used to perform polygraphy and identify
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COPD patients with clinically severe forms of OS, where
subsequent treatment with NIV might significantly im-
prove their health and prognosis.

All the known correlations between patient charac-
teristics and the presence of OSA (obesity, upper airway
parameters, neck circumference, comorbidities such as
hypertension and abnormalities of glucose metabolism)
(ref.3>3%), confirmed in our cohort of patients hospitalized
for COPD exacerbation, could contribute to creation of a
simple, clinically applicable scoring system enabling us to
single out those among patients hospitalized for COPD
exacerbation in whom polygraphic examination would
make most sense. The COPD patient characteristics cor-
relating with ODI are mostly identical with those correlat-
ing with AHI. This is in keeping with the use of ODI in
the diagnosis of OSA in non-COPD population.

27-70% patients with COPD experience a deteriora-
tion of saturation during sleep, compared to waking state
at rest'®¥3, Nocturnal oxygen desaturation is a marker of
increased mortality in COPD (ref.*®). In all patients we ex-
amined, the value of nocturnal hypoxemia correlated with
the presence of coronary heart disease, hypertension and
obesity-related parameters (see above and Fig. 1). This
was due to the proportion of OSA patients in the sample.

The difference between patients with AHI below and
above 5/h in the mean nocturnal saturation was statisti-
cally insignificant (Mann-Whitney test: P=0.153). This
means that in some patients without OS where daytime
normoxemia might vindicate the termination of oxygen
therapy, hypoxemia occurred during the night. It is not
clear in which patients this nighttime hypoxemia per-
sisted long enough to worsen their prognosis. Routine
polygraphic examination of COPD patients hospitalized
for exacerbation could potentially diagnose this high-risk
group of patients with significant nocturnal hypoxemia.

There are several limitations of the study protocol
which should be addressed. First, the patient population
was small. Nevertheless, we are not aware of any pub-
lished study referring to this specific topic and therefore
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this can be considered a pilot project. Second, the dif-
ference between the total number of subjects and those
undergoing polygraphy (101 vs. 35) was due to the health
conditions of the patients or their collaboration and not
due to selection bias.

There are a number of interesting questions arising
from the results. We have no data available on the criteria
for assessment of OSA (including the severity) in patients
hospitalized for COPD exacerbation. An interesting ques-
tion would be to study possible pathophysiological cross-
talk between OSA and COPD mechanisms by performing
control polygraphy during the post-exacerbation recovery.
In order to answer these and other questions, further pro-
spective studies on larger populations with COPD are
warranted.

CONCLUSION

Polygraphy performed in patients hospitalized for ex-
acerbation of COPD indicated increased prevalence of
OSA (including moderate and severe stages) compared
to general population and stable COPD patients.
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