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Background: Obstructive Sleep Apnea (OSA) is a common respiratory disorder that causes intermittent upper airway collapse during
sleep and can lead to various acute cardiovascular complications. Atrial Fibrillation (AF) is the most common sustained cardiac
arrhythmia and is associated with an increased risk of cardiovascular hospitalization and all-cause mortality. Our study aimed to
investigate the prevalence of individuals with AF and those considered at high risk for OSA.

Methods: A cross-sectional study was conducted with a population comprising patients who had visited KAUH cardiology clinics between
2017-2019; subjects were categorized into AF patients and general cardiology patients. Patients were surveyed for OSA using the Berlin
Questionnaire to assess the degree of OSA symptoms and to classify patients into high- or low-risk groups based on their responses.
Results: Of the 656 patients, 545 met our inclusion criteria, of whom 192 were diagnosed with AF. Comparable demographic
characteristics were observed between the AF and non-AF groups, barring higher rates of obesity (p=0.001) and smoking (p=0.042) in
the AF group. The prevalence of high-risk OSA was significantly higher in AF patients (68.2%) compared to non-AF patients (29.4%),
with an adjusted odds ratio of 2.473 times (95% CI: 1.434 —4.266, p=0.001) greater for AF. The age, gender, and BMI categories did
not differ significantly between the two groups. Binary logistic regression revealed significant associations between OSA and risk
factors such as asthma (OR=4.408, 95% CI: 2.634-7.376, p=0.001).

Conclusion: These results serve to display a statistically significant increase in high-risk OSA in existing AF patients, irrespective of
the presence of conventional OSA risk factors; this could imply a more immediate and direct relationship between both diseases and
calls to include routine screening for OSA in patients diagnosed, newly or otherwise, with AF.
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Introduction
Obstructive sleep apnea (OSA) is a common respiratory disorder with an estimated one billion people affected worldwide,'
manifesting as repetitive episodes of complete or partial collapse of the upper airways during sleep, thus resulting in hypoxemia,
hypercapnia, swings in intrathoracic pressure, and heightened sympathetic activity.”> These factors can lead to a myriad of acute
cardiovascular consequences.” Atrial Fibrillation (AF) is the most common type of clinically significant cardiac arrhythmia® and
is associated with an increased risk of cardiovascular hospitalization and all-cause mortality, especially in women.°

Atrial Fibrillation (AF) is the most common type of clinically significant cardiac arrhythmia® and is associated with
an increased risk of cardiovascular hospitalization and all-cause mortality, especially in women.°
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The relationship between OSA and AF has been well established, with OSA having an incidence rate of 82—-88% in
patients with AF, which is linked to numerous major factors, including advancing age, being male, and being overweight.””
Although the pathophysiology of this disorder is mostly speculative, according to Goudis et al, it might involve “...apnea-
induced hypoxia, intrathoracic pressure shifts, sympathovagal imbalance, atrial remodeling, oxidative stress, inflammation,
and neurohumoral activation...”, with evidence supporting screening and treatment of OSA in newly diagnosed AF cases.'’
Todd et al speculated that due to the dynamic interactions between both diseases, the relationship might be underestimated in
individuals aged <65 as more prominent risk factors for AF like hypertension begin to overshadow the effects of OSA. Larger
studies are needed to confirm this association and control for confounding factors.'' ™3

OSA is a commonly overlooked medical condition that often goes untreated unless patients experience discomfort.'*
However, it has been established that OSA can predict the probability of relapse in patients with AF.'>'® Many studies
have shown that treating OSA can improve the success rates of AF treatments, such as cardiac ablation therapy and
electrical cardioversion.'” Moreover, patients who underwent treatment for OSA had a lower rate of arrhythmia
recurrence and significantly better procedural outcomes when undergoing cardiac ablation therapy.'® Additionally,
treating OSA can lead to overall improvement in well-being and quality of life.'"” Therefore, healthcare providers,
including non-medical professionals, should consider incorporating OSA management strategies in the screening process.
Kawakami et al suggested the use of a portable monitor as a simple tool for managing and treating AF.?°

Our study aims to add to the current body of knowledge, being the first of its kind to be done in Jordan and among a limited
number of studies in the Middle Eastern region, by investigating the association between individuals with AF and those
considered at high risk for OSA using the validated Berlin questionnaire.”! We used local data to justify and highlight the
importance of implementing suitable treatment and management strategies for OSA in patients with AF in Jordan. Moreover,
we aimed to investigate the impact of OSA severity on these patients and determine whether further studies could provide
more information on this relationship. Through our research, we hope to call attention to the importance of proper screening
tests for these patients to potentially reduce the risk of complications associated with AF, such as blood clots that may lead to
stroke. This is especially crucial given the chaotic heart thythm in AF episodes, which can increase mortality rates in patients
with AF,** and given our observing of frequent undiagnosed OSA in patients with AF. As noted by Petryszyn et al, the way the
screening process is structured may be more critical than the specific technical methods used to evaluate heart rhythm.

Methods

Study Design

A cross-sectional study was conducted, with the population comprising patients who had visited King Abdullah University
Hospital cardiology clinics within the period of (2017-2019); The timing of their ECG, confirming their AF diagnosis, and the
completion of the Berlin Questionnaire to assess the risk of OSA were concurrent within this time. Our focus was on the
prevalence of high-risk OSA among these patients at the time of their clinical presentation for AF, rather than on a longitudinal
or sequential assessment. Patients were categorized into cases (diagnosed with AF) and non-cases (without a previous history
of AF). Male and female patients aged > 21 years were included in this study. Patients who were unwilling to complete the
questionnaires and/or those with mental illness were excluded. Patients self-administered the Berlin Questionnaire to assess
the degree of symptoms, eliminating the use of face-to-face interviews or phone surveys.

In our research, we propose utilizing the Berlin Questionnaire to identify individuals at risk for OSA and classify
them according to their level of risk. This tool will provide valuable information for our study and help us better
understand the prevalence and risk factors associated with OSA.

This study was conducted in accordance with the principles of the Declaration of Helsinki. The study was approved
by the Medical Research Ethical Committee and the Institutional Review Board (IRB) of Jordan University of Science
and Technology (JUST) (IRB no. 22/130/2020). Written informed consent was obtained from all participants.

Validation of the Berlin Questionnaire
The Berlin Questionnaire is a patient survey that has been validated?' for identifying individuals at risk for OSA and has been
shown to boost high sensitivity and negative predictive value in cases of severe OSA, emboldening its validity as an accessible
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and easy-to-use confirmatory screening test.”* The questionnaire aims to identify high- and low-risk individuals with OSA by
assessing three risk factors: snoring behavior, daytime sleepiness or fatigue, and a history of obesity and/or hypertension.
A patient is considered at high risk if they have a positive score in two or more categories; conversely, a patient is considered at
low risk if they have a positive score in only one or no categories. It is a self-administered and easy-to-use tool that has been
shown to be effective in predicting OSA risk.

Statistical Analysis

All data analyses were performed using SPSS Statistics 26.0. Normality assumptions were assessed through graphical
methods (histograms and Q-Q plots) and formal statistical tests (Kolmogorov—Smirnov and Shapiro—Wilk tests). Despite
the large sample size (N = 545), none of the continuous variables exhibited a clear normal distribution based on these
assessments. As a result, non-parametric tests, such as the Mann—Whitney U-test were employed for subsequent analyses,
while categorical variables were presented as numbers (percentages) and analyzed using the chi-squared test. For
patients’ demographic characteristics, continuous variables were summarized using both mean + standard deviation
and median (with interquartile ranges) to provide a comprehensive description of their distribution.

Logistic regression in univariate and multivariate models was used to determine factors associated with OSA.
Variables with a P value<(.05 in univariate logistic regression were a candidate and included in multivariate logistic
regression. In multivariate logistic regression using the forward stepwise approach variables having a P value<0.05 was
considered statistically significant. Odds ratios (ORs) and their 95% confidence intervals (CIs) were reported for each
variable.

Sample Size Calculation

At a level of confidence of 95%, level of significance of 0.05, and assuming that 50% of the study population is at risk of
sleep apnea, the sample size needed to estimate the prevalence within a margin error of 10% was calculated at 190
patients, Sample size was calculated using G*power (ver. 3.1.9) software.

Results
Study Population Characteristics

After applying the inclusion and exclusion criteria, 545 patients out of the initial 686 were included in the analysis. The
participant selection process is depicted in the flow chart (Figure 1), with 192 (35%) of them being diagnosed with AF.
(Table 1) summarizes the demographic characteristics of the study population, revealing comparable age, sex, and body
mass index (BMI) distributions between the AF and non-AF groups. Notably, the prevalence of obesity, defined as BMI
>30 kg/m2, was significantly higher among patients with AF (54.2%) than among patients without AF (38%) (p=0.001),
indicating a higher obesity rate among individuals with AF. Furthermore, a significantly higher prevalence of smoking
was observed in the AF group (40.1%) than in the non-AF group (31.4%) (p=0.042).

The Prevalence of OSA

The prevalence of high-risk OSA was compared between patients with and without AF. Among 192 patients with AF,
131 (68.2%) were classified as having a high risk for OSA. Among the 353 patients without AF, 104 (29.4%) were
classified as having a high risk for OSA.

The prevalence of smoking was significantly different between the non-AF and AF groups (p = 0.028), indicating
a higher prevalence of smoking among patients with AF. In the non-AF group, 36 (34.6%) patients were smokers,
whereas 64 (48.9%) were smokers in the AF group (Table 2).

There were no significant differences observed between the non-AF and AF groups in terms of the prevalence of
high-risk OSA based on age (p = 0.832), gender (p = 0.539), and BMI categories (p = 0.453). Among patients aged 21—
50 years, 11.1% were at high risk for OSA, with similar proportions in both groups. For patients over 50 years of age, the
prevalence of high-risk OSA was approximately 89%. Gender distribution was also comparable between the non-AF and
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Figure | Participant selection flowchart.

AF groups. Furthermore, BMI categories did not differ significantly between the two groups, with approximately one-
third having a BMI in the range of (18.5-29.99) and two-thirds having a BMI of 30 or higher.

Risk Factors Associated with Obstructive Sleep Apnea: Results of Binary Logistic

Regression Analysis
We examined the association between several risk factors and OSA and we found that thirteen (13) factors were found to
be significantly associated with higher odds of having OSA: AF, age, BMI (kg/m?), male gender, smoking, hypertension,
diabetes mellitus, dyslipidemia, stroke, heart failure, COPD (Chronic Obstructive Pulmonary Disease), and asthma
(Table 3).

These variables were candidates for multivariable logistic regression using a forward stepwise approach, and eight
factors were found to be significantly associated with higher odds of having OSA. Notably, the Odds of OSA were 2.473
times (95% CI: 1.434 —4.266, p=0.001) greater for those with AF, asthma demonstrated the highest adjusted odds ratio
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Table | Patients Demographics Characteristics
Total, Non-AF, AF, P value
N = 545 n =353 n=192
Age, y
Mean * SD 615+ 115 612+ 10.5 62.0 + 13.1 04212
Median, IQR 62 (54-70) 62 (54-68) 64 (54-72) 0.142°
Sex, (%) 539 M, 46.1 F 54.1 M, 459 F 53.6 M, 464 F 0.918°
BMI, kg/m?
Mean * SD 30253 299 +5.0 30.7 £ 58 0.068%
Median, IQR 29.1 (26.2-33.3) 28.7 (26.4-31.8) 30.5 (25.8-35.2) 0.093°
>30 kg/m?, n(%) 238 (43.7%) 134 (38%) 104 (54.2%) 0.001°
Smoking, n (%) 188 (34.5%) 111 (31.4%) 77 (40.1%) 0.042°
Notes: *t-test. "Mann-Whitney U-test. “y% Bold indicates significance.
Abbreviations: AF, Atrial fibrillation; BMI, body mass index; F female; IQR, interquartile range; M, male;
SD, standard deviation.
Table 2 The Prevalence of High-Risk OSA in Total Study Population
Total, Non-AF, AF, P value
N= 235 n =104 N =131
Age 0.832
21-50 Years 26 (11.1%) 11 (10.6%) I5 (11.5%)
> 50 Years 209 (88.9%) 93 (89.4%) 116 (88.5%)
Sex, (%) 609 M, 39.1 F 587M,413F 626 M, 374 F 0.539
BMI Categories 0.453
18.5-29.99 83 (35.3%) 34 (32.7%) 49 (37.4%)
=230 152 (64.7%) 70 (67.3%) 82 (62.6%)
Smoking, n (%) 100 (42.6%) 36 (34.6%) 64 (48.9%) 0.028
Notes: The y test was used to compare the proportions of categorical variables. Bold indicates significance.
Abbreviations: AF, Atrial fibrillation; BMI, body mass index; F, female; M, male.

Table 3 Results of Binary Logistic Regression for Risk Factors of OSA in Study Population Patients
Variables OR (95% CI) P value AOR (95% CI) P value
AF

Patients with AF 5.142 (3.515-7.521) 0.001 2.473 (1.434-4.266) 0.001
General cardiology patients | |
Age (years) 1.037 (1.021-1.054) 0.001 1.024 (1.003-1.045) 0.022
BMI, kg/m? 1.143 (1.101-1.186) 0.001 3.121 (1.94-5.02) 0.001
Gender
Men 1.637 (1.161-2.308) 0.005 3.121 (1.94-5.02) 0.001
Woman | |
Smoking Status
Currently smoker 1.869 (1.307-2.672) 0.001
Not smoker |
Hypertension
Positive 4.902 (3.282-7.321) 0.001 2.925 (1.789-4.783) 0.001
Negative | I
Diabetes Mellitus
Positive 2.187 (1.545-3.096) 0.001
Negative |
(Continued)
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Table 3 (Continued).

Variables OR (95% CI) P value AOR (95% CI) P value

Dyslipidemia
Positive 2.928 (1.976-4.34) 0.001
Negative |

Ischemic Heart Disease
Positive 1.337 (0.944-1.892) 0.102
Negative |

Stroke
Positive 9.972 (4.401-22.592) 0.001 3.127 (1.168-8.373) 0.023
Negative | |

Heart Failure
Positive 7.312 (4.163-12.842) 0.001 2.675 (1.262-5.667) 0.010
Negative | |

COPD
Positive 4.548 (1.238-16.716) 0.023
Negative |

Asthma
Positive 4.407 (2.906—6.684) 0.001 4.408 (2.634-7.376) 0.001
Negative | |

Chronic Kidney Disease
Positive 1.629 (0.898-2.953) 0.108
Negative |

Hypothyroidism
Positive 2.792 (1.698—4.589) 0.001
Negative |

Note: Bold indicates significance (at P value <0.05).
Abbreviations: AOR, Adjusted Odds Ratio; AF, Atrial fibrillation; BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary
Disease; OR, Odds Ratio.

(AOR) of 4.408 (95% CI: 2.634-7.376, p=0.001). Conversely, age showed the lowest AOR of 1.024 (95% CI:1.003—
1.045; p=0.022) (Table 3).

Discussion
Summary

The goal of this study aimed to investigate and examine the prevalence of OSA among patients with AF in Jordan. These
results, consistent with those of previously conducted studies, indicate a robust connection between the two conditions:
AF patients have a higher risk of developing OSA compared to non-AF patients regardless of other factors such as
obesity, smoking, and hypertension; intricate and intertwined pathophysiological interactions have been suggested as
possible explanations.?® Despite this, most patients with AF and OSA have not been previously diagnosed with any sleep
disorders. This highlights the need for proper screening for sleep disorders and other associated illnesses in all patients
with AF, newly diagnosed or otherwise. Our findings provide further insight into how the severity of OSA symptoms is

directly associated with an increased risk of developing AF.%

Interpretation

Based on our findings, along with existing literature, we see that AF patients are more likely to be diagnosed with OSA,
and this might be attributed to shared risk factors between AF and OSA, including obesity, being male, older age, and
smoking. Additionally, many medical conditions might play a role in exacerbating existing OSA symptoms, such as
diabetes mellitus type 2, hypertension, congestive heart failure, hormonal abnormalities, and chronic lung diseases such
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as asthma.?’ Nevertheless, if we inspect this association from a different perspective, we will find that OSA may be
associated with the initiation and maintenance of AF.*®

This is thought to be due to adverse structural and electrical changes in the myocardium resulting from hypoxemia
and intrathoracic pressure swings. OSA is manifested by intermittent episodes of respiratory arrest, which present as
intermittent hypoxemia that subsequently induces a sympathetic surge and chemoreflex triggering, leading to tachycardia
and oxidative stress. Recurrent episodes of tachycardia concurrent with a fast heart rate can increase heart demand,
leading to the development of AF. Likewise, oxidative stress resulting from OSA can negatively affect the heart’s ability
to handle calcium, leading to changes in heart cells and increasing the likelihood of arrhythmias. Furthermore, OSA can
cause sudden changes in pressure within the chest, which can stretch the atria of the heart, leading to their enlargement
and making them more prone to AF'%?% Additionally, our findings of an evident association between AF and OSA in
our patients could imply that AF might act as a predisposing factor for developing OSA, due to the interplay and indirect
respiratory effects arising from the cardiac arrhythmia present in patients with AF.*

The observed findings revealed a correlation between high-risk OSA patients and certain factors including age, male
gender, smoking, hypertension, dyslipidemia, hypothyroidism, and other comorbidities. This indicates that there are risk
factors that can increase the incidence of OSA and the risk of AF correspondingly. Emerging evidence suggests that patients
with severe untreated OSA have a higher rate of developing cardiovascular events®* and secondary hypertension, mainly due
to fluctuating surges in systolic and diastolic blood pressure at night, accompanied by OSA episodes.>> As the incidence
increases significantly with age, men are two to three times more prone to developing OSA than women; however, the
incidence can be higher in females if they are overweight or after menopause.*® Despite conflicting evidence regarding the
association between OSA and smoking, it is mostly thought to be due to the inflammatory effect and fluid retention caused by
smoke inhalation, which aids in the narrowing and collapse of the upper airway alongside the effect of nicotine in the
relaxation of the upper airway muscles and neural reflexes.’” Patients with asthma are more likely to develop OSA due to
airway obstruction and remodeling; therefore, treating asthma is considered a priority to avoid exacerbated OSA.*® OSA and
dyslipidemia have an indirect relationship; OSA induces persistent intermittent hypoxia events, which increase oxidative
stress and sympathetic activity, resulting in increased lipoprotein and lipid peroxidation, and eventually, dyslipidemia.>®

Apart from the associations, a few points are worthy of discussion regarding the demographic characteristics of the study
population. Some factors were found to be associated with significantly higher rates of AF occurrence, namely, BMI (>30 kg/m?)
and smoking status; this follows an expected trend proven by many research articles highlighting the relationship between these
factors and AF risk. Obesity has been established as an independent potentially modifiable risk factor for the development of
AE,**! Jikely to be explained, according to Vyas and Lambiase, by a host of hemodynamic alterations influencing the size,
histology, and speed of conduction, as well as inflammation and fibrosis produced by increasing epicardial adipose tissue.** The
relationship between smoking and AF has also been well established,* with Chamberlain et al recording a staggering two-fold
increase in the risk of AF directly attributed to smoking,** and Albertsen et al observing a strong association between smoking
and an increased risk of thromboembolism and mortality in patients with AF.*

Implications

Our results build on existing evidence surrounding the relationship between OSA and AF, albeit from a different point of
view: looking at the prevalence of OSA in AF patients provides additional integrity to the existing relationship, and more
importantly, highlights the value of screening tests for AF patients given the high degree of association between both
diseases and the possible treatment approaches to be taken for the treatment of newly diagnosed OSA in patients with AF,
such as Continuous Positive Airway Pressure (CPAP) therapy; such measures taken can decrease the burden of OSA in
AF patients and possibly lead to an overall better prognosis.

Limitations

The presence of OSA was solely determined using the Berlin questionnaire, as we were unable to perform follow-up
overnight sleep studies for further confirmation of the diagnoses. Although polysomnography is considered the gold
standard test to confirm the diagnosis of OSA, it is thought to be time-consuming, complex, and expensive.*¢
Nevertheless, we consider our inability to perform PSG for diagnosis a limitation of this study.
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Recommendations

Several previous studies have indicated the significance of treating OSA in patients with heart disease, particularly
arrhythmias.*”**® Taking into consideration the large increase in OSA cases in cardiology clinics,*” it is necessary to consider
merging the screening and diagnosing processes of OSA as a routine basis for treating arrhythmias. Positive results revealed an
improvement in patients’ response to AF therapies, whether pharmacological or procedures such as cardiac ablation, when
treating OSA first, regardless of other risk factors. Furthermore, this might help reduce and better control the symptoms of
AF.*%3! Despite this, more evidence is needed on how management strategies and screening processes can be incorporated.
Such studies might provide specialists with valuable insights into how to build targeted and individualized treatment
approaches for both patients with OSA and AF.

Abbreviations

AOR, Adjusted Odds Ratio; AF, Atrial Fibrillation; BMI, Body Mass Index; CI, Confidence Intervals; CPAP, Continuous
Positive Airway Pressure; F, Female; IRB, Institutional Review Board; IQR, Interquartile Range; M, Male; OSA,
Obstructive Sleep Apnea; OR, Odds Ratio; PSG, Polysomnography; SD, Standard Deviation.
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