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Abstract

Daytime sleepiness is a cardinal symptom of obstructive sleep apnoea (OSA) and a well-recognised side effect of beta-
blockers, therefore patients with OSA under this treatment may have worse sleepiness. However, the interaction between
daytime sleepiness and beta-blockers use has not been thoroughly investigated in patients with OSA before. We analysed the
data of 2183 individuals (1852 patients with OSA and 331 snorer controls) from 3 countries (Greece, Hungary and Moldova).
Medical history, including medication usage and the Epworth Sleepiness Scale (ESS) were recorded. Patients and controls
were divided into somnolent (ESS > 11) and non-somnolent (ESS < 11) groups, and the association between-blocker use
with the somnolent group was investigated with multivariate logistic regression analysis adjusted for confounders. Sensitiv-
ity analyses were performed in each cohort, in the severity subgroups, in patients who did not take statins and in those who
had polysomnography as a diagnostic test. There was no relationship between beta-blocker usage and the somnolent OSA
(p=0.24) or control (p =0.64) groups. These results were similar in sensitivity analyses (all p >0.05). ESS was related to BMI
(p=0.25), total sleep time (p=0.07), AHI (p=0.32), oxygen desaturation index (p=0.33) and minimum oxygen saturation
(p=-0.32, all p<0.05) in OSA, and was higher in patients with hypertension, diabetes and cerebro/cardiovascular disease
and those who took statins (all p <0.05). In general, beta-blockers are not associated with increased daytime sleepiness in
OSA. Thus, the diagnosis of OSA should not discourage initiation of beta-blocker treatment, if it is clinically indicated.
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Introduction

Obstructive sleep apnoea (OSA) is the most prevalent
sleep-related breathing disorder. It is characterised by the
repetitive collapse of the upper airways during sleep with
consequential chronic intermittent hypoxia, frequent micro-
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arousals and activation of the sympathetic system. These
lead to the increased prevalence of hypertension and cardio-
vascular disease in OSA [1].

Beta-receptor-blockers have been widely used in the ther-
apy of numerous cardiovascular diseases, such as hyperten-
sion, ischaemic heart disease, and heart failure [2]. In addi-
tion, propranolol and metoprolol are also registered for the
prevention of migraine due to their penetration to the central
nervous system (CNS), while propranolol is frequently used
to treat anxiety and thyrotoxicosis.

Beta-blockers have well-known potential CNS side effects
which depend on their lipophilicity and consequential pen-
etration through the blood—brain barrier [3]. In particular,
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sleep-related side effects include drowsiness, sleepiness,
fatigue, nightmares and other parasomnias [3, 4]. Lipophilic
drugs such as propranolol, metoprolol or betaxolol can enter
CNS and achieve high concentration in the cerebrospinal
fluid, while moderately lipophilic beta-blockers such as biso-
prolol, nebivolol or carvedilol only partly penetrate through
the blood-brain barrier [5]. In contrast, hydrophilic drugs
such as sotalol or atenolol have a weak passage with poor
distribution in CNS [6].

Excessive daytime sleepiness is a common symptom in
patients with OSA. Epworth Sleepiness Scale (ESS), a self-
rated standardised questionnaire assessing eight situations
with the probability of falling asleep [7], is frequently used
in clinical practice and in epidemiological studies to measure
excessive daytime sleepiness [8].

As daytime sleepiness and cardiovascular diseases are
common among patients with OSA, physicians may be
reluctant to prescribe beta-blockers to avoid worsening
sleepiness. However, the effect of beta-blockers on sleepi-
ness in OSA has not been thoroughly investigated before.
Therefore, the aim of the current study was to analyse beta-
blocker use in three European OSA cohorts and to compare
it with daytime sleepiness assessed with ESS.

Materials and methods
Subjects and design

Data of 1852 patients with OSA and 331 non-OSA snoring
control subjects were analysed. The subjects participated
in the Hungarian (n =228 OSA and 84 controls), Greek
(n=1265 OSA and 247 controls) and Moldavian (n =359
OSA) sleep apnoea cohorts. The volunteers were originally
referred for a diagnostic sleep test due to symptoms sug-
gestive of obstructive sleep apnoea (i.e. snoring, witnessed
pauses in the breathing, daytime somnolence, tiredness,
comorbidities, obesity, etc.). None of them had previously
been diagnosed with OSA and they had not been treated with
continuous positive airway pressure, mandibular advance-
ment devices or upper airway surgery. Patients with acute
heart failure, those who were diagnosed with central dis-
orders of hypersomnolence or used any sedative drugs,
such as antidepressant- and antipsychotic drugs, benzodi-
azepines, melatonin, or gamma-aminobutyric acid-agonists
were excluded from analyses. Participants completed the
valid translated version of ESS in their native language
(Greek, Hungarian, Romanian, or Russian). This study was
conducted in accordance with the Declaration of Helsinki.
The studies have been approved by the local ethics com-
mittees (Semmelweis University TUKEB 30/2014, RKEB
172/2018, University General Hospital of Alexandroupolis
29/SB5/2014, State University of Medicine and Pharmacy
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"Nicolae Testemitanu" 39/44). All participants gave their
written informed consent.

Sleep studies

Polysomnography and cardiorespiratory polygraphy were
performed according to the American Academy of Sleep
Medicine (AASM) recommendations [9]. Sleep stages and
cardiorespiratory events were manually scored according to
the AASM guidelines [10]. Total sleep time (TST) and mini-
mal oxygen saturation (MinSatO,) were recorded, apnoea-
hypopnoea index (AHI) and oxygen desaturation index
(ODI) were calculated. In the OSA group AHI was > 5/hour,
criteria for the control group included AHI and ODI <5/
hour.

Statistical analysis

Statistica 12 (StatSoft, Inc., Tulsa, OK, US) and JASP 0.11.1
(University of Amsterdam, Amsterdam, Netherlands) were
used for statistical analysis. Data normality was assessed
with the Kolmogorov—Smirnov test. Variables were com-
pared between the three cohorts, between patients with OSA
and controls as well as with beta-blocker user and non-user
patients with OSA with Chi-square tests, Fisher test, analysis
of variance and Kruskal-Wallis test.

For the primary analysis, subjects were divided into som-
nolent (ESS > 11) and non-somnolent (ESS < 11) groups and
logistic regression analysis was used to assess their rela-
tionship with the beta-blocker use which was adjusted on
age, gender, BMI, smoking, the presence of comorbidities
(hypertension, diabetes, cerebro/cardiovascular disease,
arrhythmia) and AHI. This analysis has been performed in
patients with and without OSA, those patients who were not
taking statins (n=1415), those patients who had polysom-
nography as a diagnostic test and in each disease severity
group separately. These analyses were also performed with
each individual beta-blocker separately. For specific beta-
blockers, patients on medication were compared to those
who did not take any beta-blocker.

In addition, the bivariate relationships between ESS value
and clinical variables were investigated with the Spearman
test. The relationship between ESS value and beta-blocker
use was analysed with non-parametric analysis of covariance
(ANCOVA) where beta-blocker usage was used as a fixed
factor and age, gender, body mass index (BMI), smoking,
comorbidities and AHI were used as covariates. We also
analysed the relationship between AHI and beta-blocker use
with non-parametric ANCOVA which was adjusted on age,
gender, BMI. Data are expressed as median /interquartile
range/. A p value <0.05 was considered significant.
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Results
Subjects’ characteristics

There were significant differences in age, gender distribu-
tion, BMI, ESS, smoking history, the prevalence of comor-
bidities, beta-blocker use and sleep indices between the
three cohorts of patients with OSA (Table 1). In controls,
significant differences were noted in BMI, ESS, smoking
history, the prevalence of hypertension, bisoprolol use, and
sleep indices (Table 2).

Comparing patients with sleep apnoea to the controls,
the patients were older, had higher BMI, ESS, AHI, ODI
and lower MinSatO,. The prevalence rates of males, smok-
ers, patients with hypertension, diabetes, cerebrovascular
and cardiovascular disease, as well as statin and beta-
blocker users were also higher in OSA (all p <0.01). The
proportion of patients taking bisoprolol was higher in OSA
than controls (p < 0.01), but there was no difference in the

Table 1 Characteristics of patients with OSA

prevalence of any other beta-blocker usage (all p > 0.05,
Table 3).

Patients with OSA who used beta-blockers were older,
had higher BMI, had a greater number of comorbidities,
more prevalent statin usage and they also had more severe
OSA (all p<0.05, Table 4). Similarly, controls who took
beta-blockers were older, had higher BMI, had a greater
number of comorbidities, a more prevalent statin usage and
longer TST (all p <0.05, Table 5).

The association between the “somnolent”
phenotype and beta-blockers use in patients
with OSA and controls

Beta-blocker usage was not related to the somnolent pheno-
type in patients with OSA (p=0.24) or controls (p =0.64).
The somnolent phenotype was not related to beta-blocker
use in the subgroup of patients with OSA who did not take
statins (p =0.17) and those who had polysomnography as a
diagnostic test (p =0.29). No relationship was seen in either

All Greece (n=1265) Hungary (n=228) Moldova (n=359) p
(n=1852)

Age (years) 55 /146-63/ 54 /146-64/ 59 /147-67/ 54 /45-60/ p<0.01
Males (%) 60 55 68 74 p<0.01
BMI (kg/m?) 34.11/30.03-39.04/  34.38 /30.25-38.94/  31.99 /27.71-36.20/  35.03 /30.61-40.81/ p<0.01
ESS 9 /6-13/ 9 /6-14/ 6 /3-8/ 11/9-14/ p<0.01
Smoker (never/current/ex %) 39/30/31 30/30/40 59/27/14 60/30/10 p<0.01
Hypertension (%) 58 48 74 84 p<0.01
Diabetes (%) 19 17 24 27 p<0.01
Cerebro/cardiovascular disease (%) 12 13 8 7 p<0.01
Cardiac arrhythmias (%) 27 40 20 14 p<0.01
Statin usage (%) 24 28 22 9 p<0.01
Beta-blocker usage (%) 25.6 22.1 33.8 329 p<0.01
Bisoprolol usage (%) 9.4 3.6 154 26.5 p<0.01
Nebivolol usage (%) 53 5.6 9.2 1.7 p<0.01
Metoprolol usage (%) 4.2 5.0 22 2.8 0.20

Carvedilol usage (%) 3.6 4.1 35 1.7 0.21

Betaxolol usage (%) 0.4 0.3 1.3 0.3 0.02

Propranolol usage (%) 0.3 0.2 0.9 0 0.09

Sotalol usage (%) 0.4 0.4 0.9 0 0.20

Atenolol usage (%) 1.7 2.5 0 0 p<0.01
Other unspecified beta-blocker usage (%) 0.2 0.3 0 0.3 p<0.01
Polysomnography (%) 72 99 31 0 p<0.01
TST (min) 322.5/277.1-355.0/  319.0/274.3-350.5/  420.0/385.0-446.8/ NA p<0.01
AHI (events/h) 31.7 /15.0-58.7/ 33.4/14.9-60.8/ 23.7/12.65-42.43/  33.2/17.8-60.1/ p<0.01
ODI (events/h) 32.7/15.8-61.8/ 39.2 /20.5-67.2/ 19.55/10.25-36.28/  37.6 /13.9-53.3/ p<0.01
MinSatO, (%) 77 168-83/ 77 168-83/ 83 /76-87/ 76 /65-83/ p<0.01

AHI apnoea-hypopnoea index, BMI body mass index, ESS Epworth sleepiness scale, MinSatO, minimal oxygen saturation, ODI oxygen desat-
uration index, OSA obstructive sleep apnoea, TST total sleep time. Data are presented as median /25-75 percentile/
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Table 2 Characteristics of controls

All (n=331) Greece (n=247) Hungary (n=84) p

Age (years) 46 /37-58/ 46.9/13.4-81.0/ 46.2 /15.8-76.0/ 0.62
Males (%) 41 43 40 0.37
BMI (kg/m?) 28.41/24.85-32.45/ 30.2 2/6.12-56.46/ 26.1/5.1-46.4/ p<0.01
ESS 7/4-11/ 8.4 /4.8-23.0/ 5.9 /3.2-14.0/ p<0.01
Smoker (never/current/ex %) 50/28/22 38/35/27 87/8/5 p<0.01
Hypertension (%) 25 21 37 p<0.01
Diabetes (%) 8 8 10 0.59
Cerebro/cardiovascular disease (%) 6 5 10 0.17
Cardiac arrhythmias (%) 6 6 5 0.80
Statin usage (%) 9 11 4

Beta-blocker usage (%) 11.2 10.9 11.9 0.81
Bisoprolol usage (%) 1.8 0.8 4.8 0.02
Nebivolol usage (%) 3.0 3.2 24 0.71
Metoprolol usage (%) 3.0 2.8 3.6 0.73
Carvedilol usage (%) 2.1 2.8 0 0.13
Betaxolol usage (%) 0.6 0.4 1.2 0.42
Propranolol usage (%) 0 0 0 1.00
Sotalol usage (%) 0 0 0 1.00
Atenolol usage (%) 0.6 0.8 0 0.41
Other unspecified beta-blocker usage (%) 0.1 0.1 0 1.00
Polysomnography (%) 89 100 55 p<0.01
TST (min) 314.9 /62.7-498.5/ 302.7 /55.4-417.5/ 380.0 /59.9-498.5/ p<0.01
AHI (events//h) 1.9/1.3-4.8/ 1.7/1.3-4.7/ 2.3/1.4-4.8/ p<0.01
ODI (events//h) 2.1/1.4-4.9/ 2.4/1.4-4.9/ 1.4/1.2-4.8/ p<0.01
MinSatO, (%) 87.8 /9.5-97.0/ 86.7 /10.4-97.0/ 90.8 /2.9-96.0/ p<0.01

AHI apnoea-hypopnoea index, BMI body mass index, ESS epworth sleepiness scale, MinSatO, minimal oxygen saturation, ODI oxygen desatura-
tion index, TST total sleep time. Data are presented as median /25-75 percentile/

the Greek (p=0.36), Hungarian (p =0.30) or Moldavian
OSA (p=0.79), or Greek (p =0.44) or Hungarian control
(»=0.75) groups.

There was no association between the somnolent phe-
notype and beta-blocker usage either in the mild group
(pooled analysis p=0.67; Greek cohort p=0.81; Hungarian
cohort p=0.62, Moldavian cohort p=0.97), in the moderate
(pooled analysis p=0.51; Greek cohort p=0.24; Hungar-
ian cohort p=0.37, Moldavian cohort p=0.91) or severe
subgroups (pooled analysis p =0.49; Greek cohort p=0.86;
Hungarian cohort p =0.24, Moldavian cohort p =0.85,
Please see Table S1).

None of the beta-blockers were significantly associated
with the somnolent phenotype either in patients with OSA
(»p=0.12, p=0.08, p=0.27, p=0.27, p=0.57, p=0.35,
p=0.35, p=0.20 for bisoprolol, nebivolol, metoprolol,
carvedilol, betaxolol, propranolol, sotalol and atenolol), or
in control participants (p =0.27, p=0.14, p=0.60, p=0.74,
p=0.98, p=0.99, p=0.32 for bisoprolol, nebivolol, meto-
prolol, carvedilol, betaxolol, sotalol and atenolol) in the
pooled analysis. Similarly, no associations were found when
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the cohorts were analysed separately (Table S1). The further
associations between the somnolent phenotype and any types
of beta-blockers were not significant in those OSA patients
who did not take statins and those who had polysomnogra-
phy (Please see Table S1).

Bivariate analysis between ESS and clinical factors
in patients with OSA and controls

In patients with OSA, a significant correlation between
ESS and BMI (p=0.25), TST (p=0.07), AHI (p =0.32),
ODI (p=0.33) and MinSatO, (p=-0.32, all p <0.05)
was observed. In addition, ESS was higher in patients
with hypertension (10 /6—-14/ vs. 8 /5-12/), diabetes (11
/7-16/ vs. 9 /5-13/) and cerebro/cardiovascular disease (11
/6-14 vs. 9 /6-13/) and in those were on statin treatment (9
/6—-14/ vs 8 /5-13/, all p <0.05). There was no relationship
between ESS and age, gender or the presence of cardiac
arrhythmias in the pooled analysis (all p>0.05). In the
Greek cohort, ESS was related to BMI (p=0.22), TST
(p=0.14), AHI (p=0.26), ODI (p =0.25) and MinSatO,
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Ta.ble 3 Comparison on patients OSA (n=1852) Controls (n=331) »

with OSA and controls
Age (years) 55 /46-63/ 46 /37-58/ p<0.01
Males (%) 60 41 p<0.01
BMI (kg/m?) 34.11/30.03-39.04/ 28.41/24.85-32.45/ p<0.01
ESS 9 /6-13/ 7 /4-11/ p<0.01
Smoker (never/current/ex %) 39/30/31 50/28/22 p<0.01
Hypertension (%) 58 25 p<0.01
Diabetes (%) 19 8 p<0.01
Cerebro/cardiovascular disease (%) 12 6 p<0.01
Cardiac arrhythmias (%) 27 6 p<0.01
Statin usage (%) 24 9 p<0.01
Beta-blocker usage (%) 25.6 11.2 p<0.01
Bisoprolol usage (%) 9.4 1.8 p<0.01
Nebivolol usage (%) 5.3 3.0 0.08
Metoprolol usage (%) 4.2 3.0 0.31
Carvedilol usage (%) 3.6 2.1 0.18
Betaxolol usage (%) 0.4 0.6 0.55
Propranolol usage (%) 0.3 0 1.00
Sotalol usage (%) 0.4 0 0.60
Atenolol usage (%) 1.7 0.6 0.13
Other unspecified beta-blocker usage (%) 0.2 0.1 0.58
Polysomnography (%) 72 89 p<0.01
TST (min) 322.5/277.1-355.0/ 314.9 /62.7-498.5/ 0.61
AHI (events/h) 31.7/15.0-58.7/ 1.9/1.3-4.8/ p<0.01
ODI (events/h) 32.7/15.8-61.8/ 2.1/1.4-4.9/ p<0.01
MinSatO, (%) 77 168-83/ 87.8/9.5-97.0/ p<0.01

Table 4 Comparison of patients
with OSA taking and not taking
beta-blockers

AHI - apnoea-hypopnoea index; BMI — body mass index; ESS — Epworth Sleepiness Scale; MinSatO, —
minimal oxygen saturation; ODI — oxygen desaturation index; OSA — obstructive sleep apnoea; TST — total
sleep time. Data are presented as median /2575 percentile/

On beta-blockers (n=475) Without beta-blockers  p
(n=1377)
Age (years) 61 /54-68/ 52 /44-61/ <0.01
Males (%) 59 61 0.41
BMI (kg/m?) 35.9/31.5-40.7/ 33.4/29.4-38.6/ <0.01
ESS 10 /6-14/ 9 /6-13/ 0.15
Smoker (never/current/ex %) 41/24/35 38/32/30 <0.01
Hypertension (%) 91 47 <0.01
Diabetes (%) 30 16 <0.01
Cerebro/cardiovascular disease (%) 23 8 <0.01
Cardiac arrhythmias (%) 22 5 <0.01
Statin usage (%) 40 18 <0.01
Polysomnography (%) 63 75 <0.01
TST (min) 320.5 /281.1-356.6/ 323.0 /276.9-354.5/ 0.91
AHI (events/h) 34.7/16.0-59.5/ 30.8 /14.7-58.0/ 0.20
ODI (events/h) 38.0/17.9-63.1/ 30.9/15.1-61.1/ <0.01
MinSatO, (%) 75 /67-83/ 78 /69-83/ <0.01

AHI apnoea-hypopnoea index, BMI body mass index, ESS epworth sleepiness scale, MinSatO, minimal
oxygen saturation, ODI oxygen desaturation index, OSA obstructive sleep apnoea, 7ST total sleep time.
Data are presented as median /2575 percentile/
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Table 5 Comparison of controls
taking and not taking beta-

On beta-blockers (n=37) Without beta-blockers (n=294) p

blockers Age (years)

Males (%)

BMI (kg/m?)

ESS

Smoker (never/current/ex %)
Hypertension (%)

Diabetes (%)

Cerebro/cardiovascular disease (%)

Cardiac arrhythmias (%)
Statin usage (%)
Polysomnography (%)
TST (min)

AHI (events/h)

ODI (events/h)
MinSatO, (%)

58 /51-63/ 44 /35-56/ <0.01
32 42 0.26
29.76 /27.68-35.75/ 27.92 /24.50-32.04/ <0.01
7 14-10/ 71/4-11/ 0.71
43/27/30 51/28/21 0.43
81 18 <0.01
27 6 <0.01
24 4 <0.01
8 5 0.51
38 6 <0.01
81 89 0.13
307.3 /244.3-338.3/ 317.0/277.3-359.8/ 0.045
1.6 /1.0-2.7/ 1.6 /0.7-2.8/ 0.47
2.1/1.0-3.5/ 1.8/0.9-3.2/ 0.49
88 /85-90/ 89 /87-92/ 0.03

AH]I apnoea-hypopnoea index, BMI body mass index, ESS epworth sleepiness scale, MinSatO, minimal
oxygen saturation, ODI oxygen desaturation index, 7ST total sleep time. Data are presented as median /25—

75 percentile/

(p=-0.24, all p<0.01). It was higher in patients with
hypertension (10 /6-14/ vs. 9 /5-13/, p<0.01). In the Hun-
garian cohort, ESS was related to age (p = —0.13), AHI
(p=0.14) and ODI (p =0.14). In the Moldavian cohort,
ESS was related to age (p=0.11), BMI (p=0.39), AHI
(p=0.61), ODI (p=0.63) and MinSatO, (p=—0.56). The
ESS was higher in patients with hypertension (12 /10-15/
vs. 9/6-11/, p<0.01), diabetes (13 /11-17/ vs. 11 /8-14/,
p <0.01) and cerebro/cardiovascular disease (12 /10-15/
vs. 9/6-11/, p<0.01). None of the other correlations were
significant (p > 0.05, Table S1).

In controls, ESS was only correlated to BMI (p=0.14,
p <0.05) in the pooled analysis, but only in the Greek

T

p=0.15

Epworth Sleepiness Scale
=

(=}
L

) T
On BB Without BB
Fig. 1 Epworth Sleepiness Scale in patients with OSA according to
the usage of beta-blockers (a) and bisoprolol (b). There was no differ-
ence between patients with OSA who took beta-blockers (BB) com-
pared to those who did not (p=0.15). However, patients with OSA
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cohort (p=0.16, p=0.02) when analysing the cohorts
separately.

The association between ESS and beta-blockers use
in patients with OSA and controls

There was no difference in ESS between the patients
with OSA who were using beta-blockers and non-users
in the whole cohort (10 /6-14/ vs. 9 /6—13/, unadjusted
p=0.15, adjusted p=0.19, Fig. 1a), or in the Greek cohort
(p=0.24). When the Hungarian cohort was analysed sep-
arately, patients with OSA who used beta-blockers had
lower ESS (4 /3-7 vs. 6 /4-9/, p=0.02). In contrast, in

~_~
Z

p<0.01

Epworth Sleepiness Scale
)

o
L

On Bisoprolol Without BB

who took bisoprolol had higher Epworth Sleepiness Scale compared
to those who did not take beta-blockers (p <0.01). Data are presented
as median and interquartile range
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Moldavian patients, beta-blocker usage was related to
higher ESS (12 /10-16/ vs. 11 /8-14/, p <0.01).

Analysis of specific beta-blockers revealed that patients
on bisoprolol had increased ESS (11 /7-15/, adjusted
p <0.01, Fig. 1b) in the pooled analysis and in the Mol-
davian cohort too (13 /11-16/, adjusted p <0.01). Inter-
estingly, in the Hungarian cohort, patients on bisoprolol
had significantly lower ESS (4 /3-7/, p=0.03). None
of the other beta-blockers were significantly associated
with altered ESS neither in the pooled analysis (p =0.42,
p=0.84,p=0.39, p=0.40, p=0.39, p=0.24, p=0.74 for
nebivolol, metoprolol, carvedilol, betaxolol, propranolol,
sotalol and atenolol, respectively), nor in the three cohorts
separately (Please see the Table S1).

When patients taking statins were excluded from the
analyses, no relationship was observed between beta-
blocker use and ESS (p =0.47). The association between
ESS and bisoprolol remained significant (p <0.01)
whereas the usage of other beta-blockers was not corre-
lated to the ESS (p > 0.05).

Analysing 1334 patients who had polysomnography,
ESS did not relate to beta-blocker use (p =0.44). Interest-
ingly, in these patients the association between bisoprolol
and ESS disappeared (p =0.64). Of note, only 55 of the
original 98 bisoprolol users had polysomnography. There
was no relationship between ESS and other beta-blockers
either (p > 0.05).

In the control group, there was no difference in ESS
between the beta-blocker users (7 /4—10/) and non-users (7
/4—11/, unadjusted p=0.71, adjusted p =0.70, Fig. 2). Due
to the very small number of subjects in the subgroups no
further analysis on specific beta-blockers was performed.

p=0.71

Epworth Sleepiness Scale
=

o
L

1 I
On BB Without BB
Fig.2 Epworth Sleepiness Scale in controls according to the usage
of beta-blockers. There was no difference between controls who took
beta-blockers (BB) compared to those who did not (p=0.71). Data
are presented as median and interquartile range

The association between AHI and beta-blockers use
in patients with OSA

Increased AHI was not related to beta-blocker (p=0.24),
bisoprolol (p =0.29), nebivolol (p=0.46), metopro-
lol (p=0.53), carvedilol (p=0.06), betaxolol (p =0.50),
propranolol (p=0.62), sotalol (p=0.79) or atenolol use
(p=0.87) in the pooled analysis. In the separate cohort anal-
ysis, we detected a significant association between AHI and
carvedilol usage only in the Hungarian cohort (with carve-
dilol 45.3 /30.9-62.5/ vs. without carvedilol 23.9 /12.2-40.4/
p=0.02). The further associations between AHI and any
types of beta-blockers were not significant in the cohorts
(Please see the Table S1).

Discussion

In a large, international sample of patients with OSA and
snoring controls we demonstrated that beta-blocker use is
not associated with increased daytime sleepiness.

It is known that noradrenaline is an important neurotrans-
mitter for the maintenance of alertness [11] primarily via
alpha-adrenergic receptors [12]. In contrast, the function of
beta-receptors in the regulation of sleep and wakefulness has
been less studied [12], but it seems they have a particular
influence on rapid eye movement (REM) sleep [11]. In line
with this, changes in sleep continuity and increased number
of REM periods and total REM time were observed after
beta-blocker therapy compared to placebo [13]. The effect
of beta-blockers on REM sleep highlights the possibility
that the potential association between beta-blocker use and
sleepiness may not necessarily be due to provoking micro-
arousals but disturbing the physiological sleep pattern in
REM sleep.

The adrenergic system is involved in the maintenance of
the patency of the upper airways [14]. Theoretically, their
blockage could lead to increased collapsibility resulting
higher AHI. In line with this, alpha-1 adrenergic antagonists
use was associated with increased AHI in a population-based
study [15]. However, in our study we did not find a signifi-
cant relationship between the AHI and beta-blocker use, the
only exception was carvedilol in the Hungarian subgroup.

Beta-blockers may also influence daytime sleepiness via
their direct effect on the cardiovascular system. In patients
with OSA increased heart-rate variability [16] and the
degree of sympathetic activity [17] were associated with
lower ESS. This suggests that tighter control of the heart rate
by beta-blockers may paradoxically contribute to increased
sleepiness. However, in our study, we did not record heart-
rate variability or other markers of sympathetic activity.

Although bisoprolol was not associated with the somno-
lent phenotype, higher ESS values were observed in those
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patients who took bisoprolol. Bisoprolol is a moderately
lipophilic drug that penetrates the brain, and its concentra-
tions in the cerebrospinal fluid are comparable to those in
plasma [5]. In contrast to other beta-blockers such as carve-
dilol or labetalol, it may also influence the production of
melatonin which is a key regulator hormone of human sleep
and circadian rhythm [18-20]. In line with this, previous
studies reported a high prevalence of sleep disturbances
during bisoprolol treatment [21, 22]. Bisoprolol is a highly
selective beta-1-receptor antagonist. As discussed above,
bisoprolol could have led to increased sleepiness due to its
tighter control of heart rate [16]. It must be emphasised that
the difference in ESS between bisoprolol users and those
who did not take any beta-blocker was lower than the mini-
mal clinically important difference of the ESS [23]. The
effect of bisoprolol was not seen when patients who had
polygraphy as a diagnostic test were excluded. Polysomnog-
raphy is a gold standard in diagnosing OSA and can reveal
other pathologies compared to polygraphy and it is possible
that other sleep disorders were unexpectedly undiagnosed
in those who had polygraphy. More importantly, nearly half
of the bisoprolol users had polygraphy, therefore the lack of
differences could be due to the low number of the remaining
subjects. Of note, bisoprolol was the most frequently used
beta-blocker in our study. Therefore, comparisons to other
medications, especially their lack of association with ESS
must be interpreted with caution.

There were significant differences in the demographics,
prevalence of comorbidities, medication usage and severity
of OSA between the three cohorts. We included patients
who were originally referred with suspected OSA due to
symptoms and/or phenotype suggestive for OSA, includ-
ing comorbidities. Apart from a well-known geographical
variability of the prevalence of smoking, obesity and cardio-
metabolic disease across Europe [24], marked heterogeneity
of OSA severity has been reported in the European Sleep
Apnoea Database [25]. To analyse if the observed hetero-
geneity influences our findings, we investigated the three
cohorts separately. The outcomes of the primary analysis
were not different in the specific cohorts compared to the
pooled analysis. However, some differences were observed
for secondary analyses. Of note, these analyses need to be
interpreted carefully, as they have been performed in a lim-
ited number of subjects. We believe that the heterogeneity
of our population apart from the large number is the strength
of our manuscript.

Our study has limitations. Most importantly, the data
were analysed retrospectively in a cross-sectional design.
To confirm that beta-blockers do not worsen sleepiness
in OSA, prospective studies are warranted. We used the
ESS to evaluate sleepiness [7] which is a subjective reflec-
tion from the patients. Due to driving licence regulations,
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patients may underreport their actual symptoms. In addi-
tion, some patients with long-standing, slowly progress-
ing OSA may underestimate their sleepiness. Furthermore,
other subjects with chronic mental or somatic disease may
report higher ESS which may reflect chronic fatigue rather
than sleepiness in their case [26]. Objective tests such as
the multiple sleep latency test or the maintenance of wake-
fulness test [27] or analysing the sleep architecture can
more objectively describe sleepiness. However, the mul-
tiple sleep latency test and the maintenance of wakeful-
ness test are not routinely used to evaluate OSA and these
results were not available for us. Polysomnography is more
sensitive than polygraphy and may reveal other patholo-
gies than OSA. Our sensitivity analyses revealed that
analysing only those cases where polysomnography was
performed, beta-blocker use was similarly not related to
ESS. We excluded patients who were taking any sedative
medication. This exclusion was based on patient report and
available drug charts. It is possible that the medication list
was inaccurate in some patients. Although patients who
took antidepressants were excluded, undiagnosed depres-
sion could have biased our data. We analysed patients
who were taking statins separately. Although statins do
not significantly influence sleep architecture [28] they can
cause fatigue [29], which can be sometimes difficult to
be differentiated from sleepiness. In line with this, higher
ESS was associated with statin use in our study. However,
the outcomes did not change after excluding patients on
statin therapy. Finally, alcohol intake was not recorded as
potential confounding factor.

In summary, beta-blocker use was not associated with
increased daytime sleepiness in OSA. However, bisoprolol
treatment was related to a slightly, but significantly higher
ESS which warrants further investigations. Our data sug-
gest that co-existing OSA should not discourage clinicians
to prescribe beta-blocker therapy if clinically indicated.
However, the development or unexplained sleepiness in
patients taking these medications, in particular bisoprolol,
may warrant a pausing of the beta-blocker.
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