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a b s t r a c t

Background: The association of obstructive sleep apnea (OSA) with bradycardia is not well-characterized,
which may confer significant morbidity and mortality if left untreated. We sought to clarify the preva-
lence of comorbid OSA and bradycardia, and the effect of continuous positive airway pressure (CPAP)
therapy on bradycardia outcomes.
Methods: We systematically searched four electronic databases (PubMed, Embase, Cochrane Library,
Scopus) for randomized or observational studies reporting the co-prevalence of sleep apnea and
bradycardia or evaluated the use of CPAP on the incidence of bradycardias. We used random-effects
models in all meta-analyses and evaluated heterogeneity using I2.
Results: We included 34 articles from 7204 records, comprising 4852 patients. Among patients with OSA,
the pooled prevalence of daytime and nocturnal bradycardia were 25% (95% CI: 18.6 to 32.7) and 69.8%
(95% CI: 41.7 to 88.2) respectively. Among patients with bradycardia, the pooled prevalence of OSA was
56.8% (95% CI: 21.5 to 86.3). CPAP treatment, compared to those without, did not significantly reduce the
risk of daytime (two randomized trials; RR: 0.50; 95% CI: 0.11 to 2.21) or nocturnal bradycardia (one
randomized-controlled trial and one cohort study; RR: 0.76; 95% CI: 0.48 to 1.20).
Conclusions: This meta-analysis demonstrates a high comorbid disease burden between OSA and
bradycardia. Future research should explore the treatment effect of CPAP on bradycardia incidence, as
compared to placebo.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

OSA is a public health issue affecting approximately one-
seventh of the world's adult population [1]. Globally, over 900
million adults aged 30e69 have OSA, out of which over 400 million
people have moderate to severe disease [2]. OSA is characterized by

recurrent narrowing of upper airway during sleep, leading to
complete or partial cessation of air flow. This in turn causes
increased negative intrathoracic pressure, sleep fragmentation, and
intermittent hypoxia during sleep [3]. OSA is known to be associ-
ated with many serious and even fatal cardiovascular comorbid-
ities, including hypertension, coronary artery disease, heart failure,
stroke, and type 2 diabetes mellitus [4e8]. In 2015, the estimated
cost burden of undiagnosed OSA among US adults was $149.6
billion, and the estimated cost of diagnosing and treating OSA in the
US was $12.4 billion [1].

Bradycardias such as sinus arrest and high-degree atrioven-
tricular blocks may confer high morbidity and mortality if left
untreated [9]. Hence, the identification and treatment of
reversible causes of bradycardia is highly sought after. There is
emerging evidence that OSA is associated with cardiac
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arrhythmias [10], especially tachyarrhythmias such as atrial
fibrillation [10] and ventricular tachyarrhythmia [11]. However,
the association between OSA and bradycardia is less well-
characterized. While previous studies have reported on the
prevalence of bradycardia in OSA patients, there are large dif-
ferences in the proportions observed [12,13]. These studies often
recruited smaller cohorts of fewer than 100 subjects, and differed
in their definition of bradycardia and inclusion of the different
types of bradyarrhythmias.

Continuous positive airway pressure (CPAP) is a well-
established efficacious therapy for OSA patients [14]. However,
limited evidence exists for its efficacy in improving cardiovascular
outcomes. While there have been reports of the benefits of CPAP
treatment on arrhythmias [15], heart failure [16], and hyperten-
sion [17], previous meta-analyses did not demonstrate any sig-
nificant risk reduction in cardiovascular outcomes with CPAP
treatment [18,19].

While OSA has been reported in patients with bradycardia,
including sinus bradycardia and atrioventricular blocks [13,20,21],
to the best of our knowledge, there is no comprehensive review on
the coprevalence between OSA and bradycardic cardiac rhythms.
Therefore, our study aims to comprehensively review firstly, the co-
prevalence between OSA and bradycardia, such as severe sinus
bradycardia and high-degree atrioventricular blocks, and secondly,
whether the use of CPAP was associated with an improvement in
bradycardia.

2. Methods

This meta-analysis was registered on PROSPERO (CRD42021
227953) and is reported in accordance with the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline [22]. The PRISMA checklist [22] is included in
Supplemental Table 1.

2.1. Search Strategy

Literature search of four electronic databases (PubMed,
Embase, Cochrane Library, Scopus) was performed on 21st
December 2020 for articles published from date of inception till
21st December 2020 using the following free text search strategy
(obstructive sleep apnea or sleep apnea OR sleep apnea syndrome
OR sleep apnea hypopnea syndrome OR apnea OR OSA OR OSAs
OR OSAHS OR nocturnal hypoxia OR nocturnal hypoxemia OR
sleep disturbed breathing OR CPAP OR nCPAP OR continuous
positive airway pressure) AND (bradycardia OR arrhythmia OR
sinus bradycardia OR junctional bradycardia OR idioventricular
bradycardia OR AVB or AV block or atrioventricular block). The
term “sleep-disordered breathing” was not used in the search
strategy as it is a heterogenous umbrella term that includes pri-
mary snoring, OSA, central sleep apnea and sleep-related hypo-
ventilation syndromes [23,24].

2.2. Study Selection

Following the inclusion and exclusion criteria detailed in the
PICOS table (Table 1), two authors independently selected
potentially eligible studies using the data management software
Rayyan QCRI [25]. The initial screening was based on title and
abstract, while final inclusion was based on full texts where
available. We included randomized controlled trials and obser-
vational studies reporting the co-prevalence of sleep apnea and
bradycardia. We accepted the presence or severity of sleep apnea
measured by the apnea-hypopnea index (AHI), respiratory
disturbance index (RDI), clinical diagnosis according to the

International Classification of Diseases (ICD) diagnostic codes, as
well as the presence or severity of nocturnal hypoxemia
measured by pulse oximetry or any other objective measure-
ments or indices of oxygen saturation eg. sleep duration with
arterial oxygen saturation <90% (T90%), oxygen desaturation in-
dex (ODI) etc. We accepted conference abstracts, academic dis-
sertations, and other grey literature as per protocol if they
fulfilled the above criteria. Additionally, we searched for studies
that evaluated the use of continuous positive airway pressure
(CPAP) therapy, the gold standard for treatment of OSA [14], on
the incidence of bradyarrhythmias.

We considered all types of bradyarrhythmias, including overall
bradycardia, severe bradycardia (<30/minute), sinus node disease
such as sinus bradycardia or sinus arrest, and atrioventricular nodal
disease (AV disease) such as junctional bradycardia, idioventricular
bradycardia or AV block. The following study types were excluded:
case reports, reviews, letters, and non-English publications.

2.3. Data Extraction

Two authors extracted the following data from each article into
a standardized extraction spreadsheet template: first author, year
published, study design, setting, country, sample size, percentage
male, mean/median age, body mass index (BMI), intervention/
exposure (where applicable), outcomes, covariates, statistical
methods, and key findings.

2.4. Statistical Analysis

We found sufficient data in our systematic review to meta-
analyze the pooled mean prevalence with 95% confidence in-
tervals for OSA and bradycardia. We computed pooled prevalence
or cumulative incidences using the one-step generalized linear
mixed-effects model (GLMM) method using the metaprop_one
routine in Stata (version 16.0, StataCorp), which has been shown
to yield less biased estimates, smaller errors and greater coverage
probabilities than traditional two-stage methods [26,27]. When
the one-stage model failed to converge, an inverse variance-
weighted random-effects meta-analysis using the Freeman
Tukey double-arcsine transformation was used to pool pro-
portions. All graphical representations of pooled proportions
were reported in Supplemental Fig. 1. The risk ratios of CPAP
treatment and placebo on bradycardia were quantitatively
pooled and analyzed using Review Manager (RevMan) Version
5.4 [28], using general approaches laid out by the Cochrane
Handbook [29]. We used random-effects models in all analyses to
account for anticipated heterogeneity in the observational esti-
mates [30], and assessed between-study heterogeneity using the
I2 statistic [31]. An I2 of <30% indicates low heterogeneity be-
tween studies, I2 of 30e60% indicates moderate heterogeneity,
and I2 of >60% to indicate substantial heterogeneity. There were
insufficient studies (<10 per outcome) to assess publication bias
via visual inspection of funnel plot asymmetry, Egger's bias or
trim-and-fill as planned [32e34]. A two-sided P value of <0.05
was considered as statistically significant.

2.5. Quality of Evidence

The NewcastleeOttawa Scale (NOS) was utilized for observa-
tional studies to evaluate the risk of bias at the study level
(Supplemental Table 2) [35,36]. Two authors independently
assessed studies as having a high (<5 stars), moderate (5e7 stars),
or low risk of bias (!8 stars) according to the NOS grading in past
reviews [37,38]. Cochrane risk of bias tool [39] was utilized for
randomized-controlled trials (Supplemental Table 2).
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3. Results

The study selection process is summarized in Fig. 1. Our sys-
tematic search retrieved 7204 results. A total of 1504 duplicates
were removed. Title and abstract screening excluded a further 5550
articles. Full text screening excluded 116 articles. Thirty-four arti-
cles were included in the review [13,20,21,40e66].

3.1. Baseline characteristics

The 34 studies comprised a combined cohort of 4852 patients.
All studies reported OSA. The participant characteristics of the
included studies are shown in Table 2. Across the 34 cohorts, 17
were retrospective and 17 were prospective. 14 studies were con-
ducted in North America, 12 studies in Europe, two studies in
Oceania, and eight in Asia. Mean age of participants ranged from 44
to 67.9 years old, and majority of studies recruited predominantly
male participants, with the percentage of male participants ranging
from 50 to 87%. Follow-up duration ranged from one day to 1.3
years. The studies reported daytime bradyarrhythmia, nocturnal
bradyarrhythmia, or both. Bradyarrhythmias included sinus
bradycardia, atrioventricular blocks, interventricular block, and si-
nus arrest. 15 studies further discussed the effects of CPAP treat-
ment on bradycardia. The mean compliance rate to CPAP ranged
from 84 to 100% and the mean duration of CPAP follow-up ranged
from 1 day to 54 months.

3.2. Bradycardia prevalence in patients with OSA

3.2.1. Daytime bradycardia prevalence in patients with OSA
The prevalence of daytime bradycardia in patients with OSA is

presented in Table 3. In patients with OSA, the pooled prevalence of
daytime bradycardia is 25% (95% CI: 18.6 to 32.7). Among sinus
node disease, the pooled prevalence of sinus bradycardia and sinus
arrest were 18.3% and 7.3%, respectively. Among atrioventricular
nodal disease, the pooled proportions of overall atrioventricular
nodal disease and second-degree atrioventricular block were 6.1%
and 2.4%, respectively. The pooled prevalence of severe bradycardia
was 1.6%. Only one study [20] reported the prevalence of first-
degree atrioventricular block at 23.4%.

3.2.2. Nocturnal bradycardia prevalence in patients with OSA
The prevalence of nocturnal bradycardia in patients with OSA

is presented in Table 3. In patients with OSA, the pooled preva-
lence of nocturnal bradycardia was 69.8% (95% CI: 41.7 to 88.2).
Among sinus node disease, the pooled prevalence of sinus
bradycardia and sinus arrest were 30.5% and 16.5%, respectively.
Among atrioventricular nodal disease, the pooled prevalence of
overall atrioventricular nodal disease, combined second-degree
and third-degree atrioventricular block, second-degree atrioven-
tricular block, and 3rddegree atrioventricular block, were 9.9%,
10.8%, 2.3%, and 6.9%, respectively. One study [53] reported the
prevalence of first-degree atrioventricular block at 4.35%. One
study [59] reported the prevalence of severe sinus bradycardia at
40%. One study [61] reported the prevalence of interventricular
conduction block at 3.7%.

3.3. Odds of bradycardia in patients with OSA

3.3.1. Odds of sinus nodal bradyarrhythmia in patients with OSA
We calculated the odds ratio (OR) for incidence of different

bradycardia in patients with OSA. The OR of daytime and nocturnal
sinus nodal bradycardia in patients with OSA is presented in Fig. 2.
Compared to non-OSA patients, patients with OSA were associated
with higher odds (OR: 10.04; 95% CI: 1.44e70.16) of daytime sinus
nodal bradycardia.

3.3.2. Odds of atrioventricular nodal bradyarrhythmia in patients
with OSA

The OR of daytime and nocturnal atrioventricular nodal brady-
cardia in patients with OSA is presented in Fig. 3. There were no
significant associations observed for OSA and daytime and
nocturnal atrioventricular nodal bradycardia.

3.4. OSA prevalence in patients with bradycardia

The prevalence of OSA in patients with bradycardia is presented
in Table 3. Among patients with bradycardia, the pooled prevalence
of OSAwas 56.8% (95% CI: 21.5 to 86.3). One study [67] reported the
prevalence of OSA in sinus node disease and atrioventricular nodal
disease at 48% and 43.1%, respectively.

Table 1
PICOS, inclusion criteria and exclusion criteria applied to database search.

PICOS Inclusion Criteria Exclusion Criteria

Population " Patients with obstructive sleep apnea, sleep apnea, sleep apnea syndrome, sleep
apnea hypopnea syndrome, apnea, nocturnal hypoxia, nocturnal hypoxemia, or
sleep disturbed breathing

Intervention " CPAP, nCPAP, or continuous positive airway pressure
Comparison " Non-optimal CPAP use, or non-CPAP use, placebo (SHAM CPAP)
Outcome " Bradycardia, sinus bradycardia OR sinus arrest OR junctional bradycardia OR

idioventricular bradycardia OR AVB or AV block or atrioventricular block OR severe
bradycardia

Study design " Articles in English or translated to English
" Randomized controlled trials
" Mixed methods research, Cohort studies, caseecontrol studies
" Cross-sectional studies
" Grey Literature/conference abstracts/electronic and print information not controlled

by commercial publishing, of original data
" Databases: PubMed, Embase, Cochrane, SCOPUS

" Meta-analyses, systematic reviews, and descriptive papers
" Case reports and series, ideas, editorials, and perspectives
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3.5. CPAP treatment

Of the six studies that evaluated the use of CPAP, only two
studies compared CPAP to non-CPAP. In patients with OSA,
comparing CPAP treatment to those without, there were no sig-
nificant association between CPAP treatment and daytime
bradycardia (two randomized-controlled trials; RR: 0.50; 95% CI:
0.11 to 2.21; Table 3) or nocturnal bradycardia (one randomized-
controlled trial and one cohort study; RR: 0.76; 95% CI: 0.48 to
1.20; Table 3).

4. Discussion

In this meta-analysis of 34 studies with a combined cohort of
4852 patients, we demonstrated that the daytime and nocturnal
prevalence of bradycardia in patients with OSAwas 25% and 69.8%,
respectively. Moreover, 56.8% of patients with bradycardia had OSA.
This suggests a significant comorbidity between OSA and brady-
cardia. This finding is further supported by the higher odds of
daytime sinus nodal bradycardia in patients with OSA. While there
were no significant association observed between OSA and other

bradycardia, we observed an increased signal towards higher odds
of bradycardia in patients with OSA. We postulate that this was due
to paucity of studies available and future prospective studies are
required to clarify our findings. We also found that treatment of
OSA with CPAP did not result in a statistically significant relative
risk reduction in daytime and nocturnal bradycardia. This may be
due to the limited number of studies and the small number of
subjects recruited for those studies, and further research is needed
to explore the association between CPAP treatment and brady-
cardia risk.

OSA is a condition that involves repeated upper airway
collapse and oxygen desaturation during sleep [68]. It has been
proposed that OSA causes bradycardia due to negative intratho-
racic pressure from the stretch of thoracic cavity [69,70]; more-
over, hypoxemia may also induce a vagally-mediated
cardioprotective mechanism [71,72]. Furthermore, the cessation
of breathing, together with hypoxemia seen in OSA, is necessary
to cause bradycardia [73]. Lastly, it has been thought that hyp-
oxemia causes the complete elimination of cyclic lung stretch,
resulting in bradycardia [74]. In the first meta-analysis examining
the co-prevalence of OSA and bradycardia, we demonstrated that

Fig. 1. PRISMA flowchart.
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OSA is a common comorbidity in patients with bradycardia. Our
findings support the current guideline recommendation to
screen for OSA in patients with nocturnal bradyarrhythmias [75].
Likewise, it may be prudent to screen all patients diagnosed with
OSA for bradyarrhythmia.

The prospective cohort study (Efficacy of Continuous Positive
Airway Pressure on Arrhythmias in Obstructive Sleep Apnea patients)
[40] on patients suspected of having sleep apnea syndrome and
who underwent polysomnography in Japan, demonstrated a sig-
nificant relationship between OSA and arrhythmias, as well as the
therapeutic efficacy of CPAP treatment for the prevention of OSA-
associated arrhythmias in subjects with OSA. . In our pair-wise
meta-analysis of two studies each, we could not demonstrate an
association between the treatment of OSA with CPAP and brady-
cardia. While there was a directional trend favoring CPAP treat-
ment, the inclusion of Craig 2009 [45] resulted in insignificant
associations for both daytime and nocturnal bradycardia. We
postulate that this finding in our pair-wise meta-analysis might be
ascribed to differences in the treatment duration (Craig 2009 [45]:
4 weeks; Wang 2019 [63] and Wang 2020 [62]: 3 months), het-
erogeneity between studies (CPAP and daytime bradycardia:
I2 ¼ 87%; CPAP and nocturnal bradycardia: I2 ¼ 80%), as well as the
paucity of studies available (two studies included in each pair-
wise analysis). In view of the fact that CPAP treatment is cost-
effective from a societal perspective, particularly in the earliest
phases of OSA treatment [1,76,77], these findings point to the
increased need in future research to examine if CPAP treatment,
compared to placebo arm, improves the prognosis of bradycardia
and hence reduces the need for implantation of permanent
pacemakers in patients with a reversible cause of bradycardia
such as OSA [75].

Besides CPAP, other strategies to treat bradyarrhythmias in OSA,
such as the implantation of pacemaker, have also been suggested
[78]. However, a review by Schweitzer [79] concluded that the role
of cardiac pacing in OSA remains controversial. Further studies are
needed to evaluate the utility of pacing and other in treating bra-
dyarrhythmias in OSA.

4.1. Strengths and Limitations

To the best of our knowledge, this is the first study compre-
hensively reviewing the co-prevalence between OSA and brady-
cardia. Nevertheless, our study should be interpreted in due
consideration of the limitations. Firstly, our meta-analysis did not
find any existing study whose length of follow-up was beyond 1.3
years, hence further studies with longer follow-up periods may
be required to further characterize the effect of CPAP treatment
on bradycardia. Secondly, there was a paucity of studies limiting
the analysis and identification of the pooled prevalence of certain
individual subtypes of bradycardia in OSA patients, namely first-
degree atrioventricular block, severe sinus bradycardia, and
interventricular block. In patients with sinus node disease and
atrioventricular nodal disease, although our meta-analysis does
suggest possible coprevalence with OSA, this trend was reported
by only one study, suggesting room for future studies in this area.
Thirdly, there is a paucity of studies on the effects of CPAP on
bradycardia. This may partly explain the insignificant association
observed in the pairwise meta-analysis of CPAP treatment on
bradycardia. Further studies are required to determine the role of
CPAP in treating bradycardia in OSA patients. Fourth, the
use of beta-blockers was reported in only seven studies
[20,21,45,46,54,60,62], with the prevalence of OSA patients on
beta-blockers ranging from 4% [54] to 72% [62], hence we are
unable to comment if this may have contributed to a higher
prevalence of bradycardia.Ta
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Fig. 2. Odds ratio of daytime and nocturnal sinus nodal bradycardia in OSA.

Fig. 3. Odds ratio of daytime and nocturnal atrioventricular nodal bradycardia in OSA.

Table 3
Outcome Characteristics Table.

Outcomes Pooled outcomes (95% CI) Number of patients (number of included studies)

Daytime Bradyarrhythmia in Patients with OSA
Daytime bradycardia in patients with OSA Random pooled ES 25.00 (18.61e32.71) 148 (3 studies)
Daytime sinus bradycardia in patients with OSA Random pooled ES 18.28 (5.31e47.16) 1284 (7 studies)
Daytime sinus arrest in patients with OSA Random pooled ES 7.25 (2.72e17.94) 588 (9 studies)
Daytime atrioventricular nodal disease in patients with OSA Random pooled ES 6.07 (2.53e13.87) 1077 (10 studies)
Daytime 2nd-degree atrioventricular block in patients with OSA Random pooled ES 2.36 (0.58e9.10) 238 (6 studies)
Daytime severe bradycardia in patients with OSA Random pooled ES 1.59 (0.01e65.35) 157 (3 studies)
Nocturnal Bradyarrhythmia in Patients with OSA
Nocturnal bradycardia in patients with OSA Random pooled ES 69.79 (41.73e88.18) 249 (3 studies)
Nocturnal sinus bradycardia in patients with OSA Random pooled ES 30.52 (7.88e69.28) 1741 (7 studies)
Nocturnal sinus arrest in patients with OSA Random pooled ES 16.46 (7.07e33.78) 2373 (14 studies)
Nocturnal atrioventricular nodal disease in patients with OSA Random pooled ES 9.94 (3.96e22.82) 2177 (11 studies)
Nocturnal 2nd- & 3rd-degree atrioventricular block Random pooled ES 10.76 (2.20e39.32) 429 (4 studies)
Nocturnal 2nd-degree atrioventricular block in patients with OSA Random pooled ES 2.31 (0.69e7.48) 1433 (4 studies)
Nocturnal 3rd-degree atrioventricular block in patients with OSA Random pooled ES 6.89 (0.27e66.77) 1451 (3 studies)
OSA in Patients with bradyarrhythmia
OSA in patients with bradycardia Random pooled ES 56.80 (21.53e86.30) 319 (3 studies)
Effect of CPAP Treatment on Bradyarrhythmia
CPAP treatment on incidence of daytime bradycardia RR 0.50 (0.11e2.21) 147 (2 studies)
CPAP treatment on incidence of nocturnal bradycardia RR 0.76 (0.48e1.20) 147 (2 studies)

Abbreviations (in order of appearance): OSA: obstructive sleep apnea; CPAP: continuous positive airway pressure; CI: confidence interval.
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5. Conclusion

In this meta-analysis, we demonstrated a high daytime and
nocturnal prevalence of bradycardia in patients with OSA, at 25%
and 69.8%, respectively. Moreover, 56.8% of patients with brady-
cardia had OSA, suggesting a high comorbidity between OSA and
bradycardia. Our findings support the current guideline recom-
mendation to screen for OSA in all patients with bradyarrhythmia.
Likewise, it may be prudent to screen all patients diagnosed with
OSA for bradyarrhythmias. These findings suggest that CPAP
treatment for bradycardia in patients with OSA should be explored,
and future research comparing CPAP treatment to placebo arm
should be conducted to demonstrate the treatment effect of CPAP
treatment for bradycardia.
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