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Abstract

with AF.

Background: “There is a high prevalence of obstructive sleep apnea (OSA) among patients with atrial fibrillation (AF). There is also
strong evidence that proper OSA management can reduce AF recurrence.” Polysomnography is the gold standard for OSA diagnosis,
but screening tests, such as STOP-BANG, have been successful in
identifying patients at risk for OSA. Our study assesses screening
rates for OSA in patients with persistent AF, and willingness of patients at increased risk for OSA towards further diagnostic evaluation.
Methods: A total of 254 persistent AF patients were surveyed regarding prior screening for OSA, and if previously unscreened, assessed
with STOP-BANG. Prior cardioversions and willingness to undergo
further workup was also recorded. Patients at risk for OSA were given
educational brochures. Subjects with diagnosis of OSA were asked
about their compliance with positive airway pressure therapy.
Results: Sixty-six percent of AF patients were never screened for
OSA; 75% unscreened participants (95% CI: 68-81%) were at high
risk for OSA. Patients with previous hospitalizations or electrical cardioversions were more frequently screened for OSA (P = 0.02, P =
0.03, respectively). Forty-three percent of high-risk individuals had a
BMI < 30. Among patients at risk for OSA (score ≥ 3), the majority
(n = 99, 79%) were interested in follow-up with a sleep study (n =
93, 74%).
Conclusions: Although there is a strong OSA-associated risk for AF,
which is amenable to intervention, most patients with persistent AF
are not assessed for OSA. Simple to use screening questionnaires are
sensitive and can reliably identify patients at high risk for OSA, reserving costlier and somewhat inconvenient nocturnal polysomnography to only those at risk. We hope our study will help to push the AF
and OSA connection into the spotlight in the primary care of patients
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Introduction
Obstructive sleep apnea (OSA) is a risk factor for the onset and
recurrence of atrial fibrillation (AF) [1]; it carries greater risk
than age, gender, obesity, or hypertension (HTN) [2]. AF is
the most common arrhythmia in adults, and is associated with
significant morbidity and mortality [1, 2]. AF accounts for over
750,000 hospitalizations and 130,000 deaths each year in the
USA [3]. An estimated 2.7 - 6.1 million people in the USA are
affected, with 2% prevalence in people less than 65 years old
to 9% of those 65 and over [3]. Analysis of the Framingham
Heart Study showed an odds ratio for death of 1.5 in men and
1.9 in women diagnosed with AF [4].
Untreated OSA may underline the failure of anti-arrhythmic therapy in AF. OSA is relatively common, with clinically
apparent disease affecting 3-7% of adult men and 2-5% of
adult women, respectively [5]. OSA prevalence increases to
50% in patients with poorly controlled AF [6]. The two diseases share many risk factors including older age, male gender,
obesity, and HTN [7-10]. There is a stronger association between AF and OSA, however, than other traditional OSA risk
factors, such as obesity, HTN, or diabetes [11].
The pathophysiology of this link is not yet completely
understood. It is thought that during apneic spells the induction of hypoxemia causes increased oxidative stress and surging of catecholamines [12-14]. This heightened sympathetic
activity leads to HTN and an increased risk of cardiovascular disease. Abrupt increases in intra-thoracic pressure during
apneic episodes can also lead to excess venous return, atrial
enlargement, and remodeling [13, 15]. The evidence of association is strengthened by the fact that treatment of OSA with
continuous positive airway pressure (CPAP) has been shown
to be effective in reducing recurrence of AF [16-18]. A recent
meta-analysis showed that CPAP was associated with a 42%
relative risk reduction in recurrence of AF [19].
Despite the importance of identifying and treating OSA in
AF patients, under-diagnosis of OSA remains a national issue
[20-25]. Nocturnal polysomnography (also known as a sleep
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study) is the gold standard for the diagnosis of OSA [26], but
it is expensive and inconvenient. As a result, alternate easy-touse methods of screening for OSA such as STOP-BANG (used
in our study) and Berlin questionnaires have been developed
[27, 28]. STOP-BANG scores correlate well with apnea-hypopnea index (AHI) and OSA severity [29-31]. The screen score
(0 - 8) is based on yes/no answers to eight questions pertaining to the clinical presentation of sleep apnea, with score 3
or more indicating an increased risk for OSA. The sensitivity
for moderate to severe OSA (AHI > 15) is 93% with negative
predictive value of 90%. The sensitivity to detect severe OSA
(AHI > 30) is 100% [32].
Although USPSTF does not recommend screening for
OSA in the general population, the American College of Physicians’ guidelines suggests screening for OSA in symptomatic
individuals (unexplained daytime sleepiness) [32]. Furthermore, the American Academy of Sleep Medicine recommends
screening in high-risk patients such as those with AF [33, 34].
To what extent is this screening being practiced in a clinical
setting is not well documented. The primary objectives of our
study were to assess the rate of OSA screening in hospitalized patients with persistent AF as well as their willingness to
undergo further evaluation, including sleep study, after being
identified as moderate to high risk for OSA.

Materials and Methods
Study population
In this prospective single-center cohort study, randomly selected subjects were patients admitted to the Staten Island University Hospital-Northwell Health and diagnosed with persistent
AF. A minimum target of 200 subjects completing the study
was set.
Inclusion criteria included the ability to speak English, age
18 years or older, and diagnosis of persistent AF as defined by
American Heart Association (AHA) guidelines [35]. Patients
were excluded if unable to complete the survey such as those
with history of dementia, delirium or hemodynamic instability.
No protected health information was collected for the study.
The study was approved by the Northwell Health Institutional
Review Board.
Screening procedure
Subjects who met the inclusion criteria were asked to complete a STOP-BANG questionnaire. Pertinent demographics,
OSA-associated conditions such as HTN and heart failure
(HF), history of prior screenings for OSA and past cardioversions were recorded. The investigator measured the subject’s height, weight, and neck circumference. Subjects who
tested positive (≥ 3) on the STOP-BANG questionnaire were
informed of their result and given an educational brochure
on OSA. They were then asked about their willingness to
undergo further testing with a sleep study. Regardless of the
answer, patients were advised to follow up with their primary
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care physician.
Informed consent
No identifiable protected health information was collected for
the purposes of this study. A waiver of documentation of informed consent and HIPAA was submitted to the IRB.
Statistical analysis
Summary statistics are provided for all demographic and baseline characteristics. Continuous variables are summarized with
descriptive statistics. Frequency counts and percentage of patients within each category are provided for categorical data.
The prevalence of suspected OSA among the study population was estimated using the simple asymptotic method based
on the normal approximation to the binomial distribution. The
95% confidence limits for the true prevalence rate are also presented. Differences between groups in continuous variables
were examined using independent-sample t-test, nonparametric Mann-Whitney U-test, or Kruskal-Wallis test, as appropriate. Associations between discrete variables were evaluated
using Chi-squared test or Fisher’s exact test and odds ratios.
All statistical tests of significance were two-sided and
conducted at the 0.05 level of significance. All analyses were
conducted using SAS (Statistical Analysis System) software
Version 9.3.
Sample size determination
Assuming that the expected prevalence of OSA among persistent AF patient population is 50%, a sample size of approximately 265 patients will provide us with a two-sided 95% confidence interval for the true prevalence that will extend 6.0%
from the observed prevalence.

Results
Among 254 participants, 34% (95% CI: 28-40%) were screened
for OSA (Fig. 1, Table 1). There was no difference in screening
by age, nor in the likelihood of being screened among those
older than 60 (RR: 0.99, 95% CI: 0.79 - 1.2). There was a significant difference in screening rates among obese patients (P
< 0.001) and those with HTN (P = 0.03). Patients with previous hospitalizations or electrical cardioversions were more
frequently screened for OSA (P = 0.02, P = 0.03, respectively).
On multivariable analysis, BMI was the only independent
correlate for OSA screening among patients with AF (Table 2).
For a unit increase in BMI above 25 kg/m2, the odds of being
screened were increased by 10%.
Seventy-five percent unscreened participants (95% CI: 6881%) were at high risk for OSA (average STOP-BANG: 3.6)
(Fig. 2, Table 1); 43% of high-risk individuals had a BMI < 30.
Among patients at risk for OSA (score ≥ 3), the majority (n =
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Figure 1. Breakdown of study participants’ OSA screening status.

99, 79%) were interested in follow-up with a sleep study (n =
93, 74%).

Discussion
OSA is an important modifiable risk factor for AF, and therefore an additional target for therapeutic intervention. Yet an es-

timated 70-80% of OSA cases in the general population remain
undiagnosed [5, 25]. Our study emphasizes the fact that a large
number of patients with underlying persistent AF have undiagnosed OSA. Although the USPSTF recently concluded that
there is insufficient evidence for routine screening in asymptomatic individuals, other guidelines recommend screening for
OSA in patients with high-risk conditions including AF, obesity, HTN and HF, stroke, diabetes mellitus, and pulmonary
hypertension [36]. Identifying and treating OSA is especially
important in patients with AF because OSA actively contributes to the onset and progression of AF [14]. In addition, OSA
may be a predictor of AF in patients undergoing cardiac surgery, cardioversion, ablation or having HF [16, 37].
In our study, the majority (66%) of patients with persistent
AF were not screened for OSA even though most of them also
had other commonly recognized risk factors such as obesity,
HTN, and HF. We call attention not only to low screening rates
in patients with AF in the outpatient setting, but also in hospitalized patients with underlying risk factors for OSA, recurrent
hospital admissions and prior cardioversions. This implies that
even patients with poorly controlled or symptomatic AF are
not routinely screened for underlying contributing factors and
represents missed opportunity for not only potentially improving AF management, but also possible healthcare cost savings

Table 1. Characteristics of Study Participants
Characteristics

Prior OSA screening

No prior OSA screening

P-value

Participants (n = 254)

86 (34%)

168 (66%)

—

Age, (mean ± SD)

70.1 ± 11

71.8 ± 14

0.337

Male

56 (65)

86 (51)
82 (49)

Gender, n (%)

0.45

Female

30 (35)

BMI (mean ± SD)

33 ± 10

29 ± 6

< 0.001

Hypertension, n (%)

71 (83)

117 (70)

0.03

Heart failure, n (%)

48 (56)

73 (44)

0.06

Any prior cardioversion, n (%)

28 (35)

34 (22)

0.03

Any hospitalization within the previous year, n (%)

29 (19)

27 (35)

0.02

STOP BANG score, (mean ± SD)

5.4 ± 1.5

3.6 ± 1.5

< 0.001

Low risk (score < 3)

4 (5)

43 (25)

High risk (score ≥ 3)

82 (95)

125 (75)

Risk for OSA by STOP-BANG, n (%)

< 0.001

Table 2. Multivariable Logistic Regression Analysis of OSA Screening Among AF Patients
Independent variable

Regression coefficient

P-value

Odds ratio (95% CI)

Age

-0.0002

0.99

1.0 (0.9, 1.0)

Gender

-0.28

0.37

0.8 (0.4, 1.4)

BMI

0.07

0.001

1.1 (1.0, 1.1)

Hypertension

0.53

0.20

1.7 (0.7, 3.8)

Heart failure

0.20

0.53

1.2 (0.7, 2.3)

Any prior cardioversion

-0.52

0.15

0.6 (0.3, 1.2)

Any hospitalization within the previous year

-0.60

0.10

0.5 (0.3, 1.1)
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to use screening questionnaires are sensitive and can reliably
identify patients at high risk for OSA, reserving costlier and
somewhat inconvenient nocturnal polysomnography to only
those at risk. We hope our study will help to push the AF and
OSA connection into the spotlight in the primary care of patients with AF.
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