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Introduction

Obstructive Sleep Apnea Syndrome (OSAS) is highly com-
mon in patients with atrial fibrillation (AF) and can reduce 
the success rate of rhythm control interventions [1]. Current 
patient assessment requires a thorough clinical evaluation, 
the use of sleep questionnaires, and an appropriate sleep 
study to confirm the diagnosis of sleep-disordered breathing 
(SDB). However, the most effective method for screening 
SDB in patients with AF remains undetermined.

According to the International Classification of Sleep 
Disorders, diagnostic criteria for OSAS in adults, require 
either: (i) five or more predominantly obstructive respiratory 
events per hour of sleep during polysomnography (PSG) or 
per hour of monitoring time during a home sleep apnea test 
(HSAT), accompanied by symptoms or comorbidities, or (ii) 
fifteen or more predominantly obstructive respiratory events 
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Abstract
Introduction  Obstructive sleep apnea syndrome (OSAS) is highly prevalent in patients with atrial fibrillation (AF) and may 
influence rhythm control outcomes. Accurate diagnosis is essential but depends on the criteria used to define respiratory 
events. This study aimed to evaluate how the inclusion of EEG arousals in hypopnea scoring affects the diagnosis and sever-
ity classification of OSAS in patients with AF.
Patients and methods  We conducted a prospective analysis of 88 consecutive patients with AF (paroxysmal or persistent) 
referred for sleep evaluation with ambulatory type II polysomnography (PSG). Hypopneas were scored according to two 
criteria: [1] ≥ 3% oxygen desaturation, and [2] ≥ 3% desaturation or EEG-defined arousal. Apnea–hypopnea index (AHI) and 
OSAS severity were compared across both definitions.
Results  Participants had a mean age of 63 ± 9.7 years, were predominantly male (68%), and had a mean BMI of 30 ± 4.8 kg/
m². OSAS was diagnosed in 100% of patients. Using the desaturation-only criterion, OSAS severity was classified as mild in 
24.7%, moderate in 31.8%, and severe in 43.5% of patients. In contrast, scoring hypopneas based on desaturation or arousal 
led to reclassification: 5.7% mild, 17.0% moderate, and 77.3% severe. Thirty-one patients classified as severe OSAS were 
missed using desaturation-only scoring. The number of hypopneas detected was significantly higher when arousals were 
included (200.0 ± 105.6 vs. 81.9 ± 48.9; p < 0.001), with a moderate positive correlation between the two methods (r = 0.436).
Conclusion  The use of arousal-inclusive criteria significantly increases OSAS detection and alters severity classification in 
patients with AF. Relying solely on oxygen desaturation may lead to underdiagnosis and misclassification, particularly in 
non-desaturating patients. Incorporating EEG arousals into hypopnea scoring provides a more accurate assessment of dis-
ease burden and may support more effective, individualized treatment strategies.
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per hour of sleep during PSG or per hour of monitoring 
time during HSAT. Respiratory events can include apneas, 
hypopneas, or respiratory effort-related events. The Ameri-
can Academy of Sleep Medicine (AASM) is responsible for 
defining the scoring criteria for these features. As definitions 
of respiratory events has evolved over time alongside tech-
nological advances, the current version of AASM Manual 
for the sleep and associated events scoring defines hypopnea 
as a ≥ 30% drop in peak respiratory excursion from baseline, 
lasting ≥ 10 s, combined with either a ≥ 3% oxygen desatura-
tion from baseline or an EEG-detected arousal [2].

Given that OSAS is a highly prevalent condition in the 
AF population, there is a clear need for a simple, cost-effec-
tive screening method suitable for large-scale use. Although 
simplified tests, as HSAT, are more accessible and con-
venient, allowing for AHI assessment based on recording 
time, they lack sleep staging and arousal detection capabili-
ties. As a result, they may underestimate disease severity by 
missing critical information.

An arousal is defined as an abrupt shift of the EEG fre-
quency, including alpha, theta and/or frequencies greater 
than 16  Hz (excluding spindles) lasting at least 3  s, and 
preceded by at least 10  s of stable sleep [2]. These corti-
cal arousals may occur spontaneously or be triggered by 
SDB and can affect heart rate, blood pressure, and cardiac 
dynamics [3].

Clinically, overnight PSG remains the gold standard for 
evaluating arousal frequency and cause. The arousal index 
(AI), which quantifies the number of arousals per hour of 
sleep, is widely used to assess sleep fragmentation and has 
been associated to changes in cardiovascular parameters, 
regardless of the underlying mechanism [4].

Historically, the 1999 AASM recommended criteria 
for hypopnea scoring required an oxygen desaturation of 
> 4% and did not consider arousals [5]. The 2012 revision 
expanded these criteria to encompass either a ≥ 3% oxygen 
desaturation or an EEG arousal [6]. This change for scoring 
hypopneas increased diagnostic sensitivity for clinically rel-
evant respiratory events during sleep, but also affected how 
AHI is calculated.

This study aimed to assess the diagnostic and clinical 
implications of incorporating arousals into hypopnea scor-
ing in a real-world cohort of AF patients undergoing type II 
polysomnography.

Materials and methods

Study participants

Consecutive patients aged between 18 and 75 years, 
with a diagnosis of AF were evaluated during cardiology 

outpatient consultations and referred for sleep assessment 
and PSG. Exclusion criteria included a prior diagnosis of 
OSAS, unstable coronary artery disease, myocardial infarc-
tion, or percutaneous coronary intervention within the three 
months preceding enrollment.

Participants were recruited at CUF Tejo Hospital between 
January 2 and November 3, 2023. The study was approved 
by the local ethics committee, and written informed consent 
was obtained from all participants.

Study protocol

All participants underwent a 12-lead electrocardiogram to 
confirm AF diagnosis and were subsequently referred for 
sleep assessment using a type II ambulatory PSG recording 
system.

Ambulatory PSG recordings were performed with the 
Nox A1 PSG system (Nox Medical, Reykjavik, Iceland). 
The following signals were recorded simultaneously: 
6-channel electroencephalography (leads: F3A2, F4A1, 
C3A2, C4A1, O1A2, O2A1), left and right electrooculog-
raphy (LOC, ROC), and submental electromyography (3 
unipolar leads). Additional signals included nasal airflow 
pressure (measured via nasal cannula), thoracic and abdom-
inal respiratory effort (assessed with thoracic and abdominal 
inductive plethysmography), and snoring (recorded with a 
built-in microphone). Body position and activity were mon-
itored using an internal 3-axis accelerometer (± 2 g, 10 Hz 
sampling frequency), and both oximetry and sound intensity 
(dB) were recorded.

All PSG data were manually scored by a certified and 
experienced sleep technologist according to the AASM 
scoring guidelines [2], serving as the reference standard. 
The AHI was defined as the total number of apneas and 
hypopneas per hour of sleep. Hypopneas were defined as 
a ≥ 30% reduction in airflow lasting for at least 10 s, asso-
ciated with either a ≥ 3% oxygen desaturation or an EEG-
defined arousal, in accordance with current AASM criteria.

Subsequently, we retrospectively rescored the origi-
nal PSG recordings using only the physiological signals 
typically available in a level III polygraphy setup, namely: 
respiratory effort (thoracic and abdominal belts), airflow 
(nasal pressure), pulse oximetry and body position, while 
excluding EEG and other neurophysiological channels. In 
this re-evaluation, AHI was defined as the combined num-
ber of apneas and hypopneas per hour of sleep, with hypop-
neas identified as a 30% reduction in airflow for at least 
10 s, followed by a 3% desaturation.

Data analysis was conducted using the Statistical Pack-
age for Social Sciences (SPSS), version 28. Descriptive sta-
tistics (mean, standard deviation, median and interquartile 
range) were calculated for all variables. Bivariate analysis, 
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including Mann-Whitney, t-student and chi-square tests 
were used to assess gender differences. The level of statisti-
cal significance was set at p < 0.05.

Results

A total of 88 patients with AF with no previous diagnosis of 
sleep apnea were included in the study. The mean age was 
63 ± 9.7 years, and 68% were male. The mean body mass 

index (BMI) was 30 ± 4.8  kg/m². All patients completed 
an ambulatory type II PSG with a median sleep efficacy of 
83.5% ± 14.1. The clinical characteristics of the study popu-
lation are summarized in Table 1.

Our study revealed a 100% prevalence of OSAS in 
this specific AF population. Using the combined criterion 
of ≥ 3% oxygen desaturation or EEG arousal for scoring 
hypopneas, the AHI indicated that 5.7% of participants had 
mild OSAS, 17.0% had moderate OSAS, and 77.3% had 
severe OSAS. In contrast, when hypopneas were scored 
using oxygen desaturation only, the distribution shifted to 
24.7% mild, 31.8% moderate, and 43.5% severe OSAS 
(Table 2). This discrepancy highlights a substantial under-
estimation of disease severity when arousals are excluded 
from scoring, with 31 cases of severe OSAS not identified 
using desaturation-only criteria.

There was a statistically significant difference in the num-
ber of hypopneas identified by each method (p = 0.000847), 
with a moderate positive correlation between the two 
approaches (r = 0.436) (Table  3). On average, the number 
of hypopneas detected with the desaturation-only crite-
rion was 81.9 ± 48.9, compared to 200.0 ± 105.6 when both 
desaturation and arousal criteria were used. The application 
of hypopnea criteria requiring both oxygen desaturation 
and arousal resulted in a marked shift toward higher OSA 
severity classification, with 94.3% of patients categorized as 
having moderate to severe OSAS, compared to only 75.3% 
when using desaturation-only criteria. Additionally, when 
OSAS severity was dichotomised into mild versus mod-
erate-to-severe categories, the use of the desaturation-only 
criterion classified 24.7% of patients as mild, whereas this 
proportion decreased to 5% when arousals were included 
(Table  4). Importantly, three patients were classified as 
AHI < 5 when using the desaturation-only criterion, under-
scoring the potential for complete diagnostic oversight in 
certain cases. Furthermore, when we performed a subgroup 
analysis by gender and compared the proportion of increase 
in AHI between men and women, with and without the 
inclusion of arousal criteria in AHI scoring, we found that 
the statistically significant difference persisted: p = 0.002 
(male) and p = 0.03 (female) (Table 5).

Regarding treatment, all patients with AHI ≥ 15 were 
proposed to initiate Continuous Airway Positive Pressure 
(CPAP) therapy, while those with mild forms of the dis-
ease were managed based on the severity of their sleepi-
ness. Importantly, the identification of a greater number of 
patients classified as moderate to severe, due to more accu-
rate hypopnea scoring, directly influenced treatment deci-
sions in this population.

These findings indicate that scoring criteria significantly 
influence OSAS diagnosis and severity classification, with 

Table 1  Baseline characteristics of the study population
Characteristic Value
Sex
  Male, N (%) 60 (68.2)
  Female, N (%) 28 (31.8)
Age, years (mean ± SD) 63 ± 9.7
BMI, Kg/m2 (mean ± SD) 30 ± 4.8
Hypertension, % 46.5
Diabetes, % 17.85
Epworth Somnolence Scale, mean ± SD 6.3 ± 4.386
Snoring, % 64.7
Legend: BMI, Body Mass Index; SD, standard deviation

Table 2  Comparison of OSA severity based on AHI using different 
hypopnea definitions (desaturation only vs. desaturation and arousal)
AHI OSAS severity

Mild
N (%)

Moderate
N (%)

Severe
N (%)

Hypopnea desaturation and 
arousal criteria

5 (5.7) 15 (17.0) 68 
(77.3)

Hypopnea desaturation criteria 21 (24.7) 27 (31.8) 37 
(43.5)

Legend: AHI, Apnea Hypopnea Index; OSAS, Obstructive sleep 
apnea syndrome

Table 3  Comparison of hypopneas per definition criteria (desaturation 
only vs. desaturation and arousal)
Hypopneas Mean ± Standard 

Deviation
Correlation 
Coefficient

p-value

Desaturation only 81.92 ± 48.86 0.436* < 0.001
Desaturation and 
arousal

200.02 ± 105.60

Table 4  Comparison of OSA severity based on AHI using different 
hypopnea definitions (desaturation only vs. desaturation or arousal)

OSAS severity
AHI Mild

N (%)
Moder-
ate-to-
severe
N (%)

Hypopnea desaturation and arousal 
criteria

5 (5.7) 83 
(94.3)

Hypopnea desaturation criteria 21 (24.7) 64 
(75.3)

Legend: AHI, Apnea Hypopnea Index; OSAS, Obstructive sleep 
apnea syndrome
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the limitations of simplified scoring methods, particularly in 
non-desaturating patients.

Cortical arousals, though often not accompanied by oxy-
gen desaturation, are physiologically significant. Repetitive 
arousals have been implicated in heightened sympathetic 
activity and autonomic imbalance. The sleep fragmentation 
index, closely linked with arousals, has shown to strongly 
correlate with low frequency/high frequency ratio and very 
low frequency heart rate variability components, established 
markers of sympathetic overdrive in SDB. Chronic sympa-
thetic activation may promote atrial remodelling, fibrosis 
and altered ion channel function, thereby contributing to 
AF development and maintenance [15, 16]. Importantly, 
respiratory-related arousals may not result in significant 
oxygen desaturations but still impose substantial autonomic 
stress, characterized by abrupt sympathetic activation. Con-
sequently, hypopnea scoring that omits arousals risks over-
looking events with direct arrhythmogenic potential. This 
neurophysiological response is critical in patients with AF, 
where sympathetic activation plays a critical role in atrial 
instability [15]. Shahrbabaki and colleagues demonstrated 
the importance of sleep arousal burden, namely the associa-
tion between arousal burden and all-cause and cardiovascu-
lar mortality, and the importance of identifying arousals in 
older men and women in risk stratification [17]. This rein-
forces the clinical importance of integrating arousal scoring 
into standard diagnostic pathways, especially in high-risk 
populations such as patients with AF as an independent 
predictor of cardiovascular and all-cause mortality, beyond 
AHI or oxygen desaturation index (ODI) values. Therefore, 
accurate identification of arousals is not only diagnostically 
relevant but prognostically critical in high-risk populations 
like AF.

Recent data from a large prospective cohort reinforce 
the pathophysiological relevance of sleep fragmentation 
per se in the development of AF. Wang et al. 2025 dem-
onstrated that markers of disturbed sleep continuity, such 
as increased arousal index, prolonged wake after sleep 
onset, and reduced sleep efficiency, were independently 
associated with higher odds of incident AF, in individuals 
without OSA. A potential mechanism could be that sleep 
disruption promotes systemic inflammation (e.g., increased 
high-sensitivity C-reactive protein, TNF, and IL-6), leading 
to atrial fibrosis and increased heterogeneity in atrial con-
duction. In addition, oxidative stress and autonomic imbal-
ance may further exacerbate arrhythmogenic remodeling. 
These findings suggest that even in the absence of clinically 
defined OSA, disrupted sleep architecture exerts adverse 
electrophysiological effects, highlighting the importance of 
recognizing cortical arousals as not only diagnostic markers 
but potentially modifiable contributors to AF risk [18]. On 
the other hand, besides OSAS, growing evidence shows a 

implications for clinical decision-making and treatment 
planning in AF patients.

Discussion

This prospective study evaluated the impact of different 
hypopnea scoring criteria - oxygen desaturation alone ver-
sus desaturation or EEG-detected arousal, on the diagnosis 
and severity classification of OSAS in patients with AF.

Our findings revealed a 100% prevalence of OSAS 
among consecutive AF patients, a markedly higher rate than 
previously reported in the literature [7]. The prevalence of 
OSAS in AF patients varies considerably, ranging between 
21 and 82% [8–11]. The high prevalence observed in our 
study is likely attributable to the comprehensive diagnostic 
capabilities of type II PSG and the use of broader inclusion 
criteria, rather than selective recruitment of symptomatic 
individuals Other studies often rely on simplified diagnostic 
methods, such as HSAT or level III devices, which may fail 
to detect non-desaturating but clinically significant events 
and often underestimate prevalence due to the inability to 
detect arousals [12, 13].

OSAS diagnosis is currently based on the AHI, which 
quantifies the frequency of respiratory events (including 
apneas and hypopneas) per hour of sleep [14]. Disease 
severity is determined not only by the event rate, but also 
by their immediate physiological consequences, including 
oxygen desaturation and sleep arousals. The 2012 AASM 
criteria, which include EEG arousals alongside oxygen 
desaturation in the definition of hypopneas, enhance the 
sensitivity of diagnostic assessments, ensuring more com-
prehensive case identification and more precise classifica-
tion of OSAS severity [6]. Our findings demonstrated that 
inclusion of EEG arousals in hypopnea scoring led to sig-
nificant reclassification of OSAS severity, identifying 31 
additional cases of severe OSAS that would have been mis-
classified using desaturation-only criteria. This emphasizes 

Table 5  Comparison of OSA severity based on AHI using different 
hypopnea definitions (desaturation only vs. desaturation or arousal) 
according to gender
Male N %
Hypopnea desaturation and 
arousal criteria

Mild 1 1.7
Moderate-Severe 49 98.3

Hypopnea desaturation criteria Mild 13 21.7
Moderate-Severe 47 78.3

Female N %
Hypopnea desaturation and 
arousal criteria

Mild 4 14.3
Moderate-Severe 24 85.7

Hypopnea desaturation criteria Mild 8 32.0
Moderate-Severe 17 68.0
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Limitations

This study has several limitations. First, the sample size was 
relatively small and drawn from a single tertiary cardiology 
center, which may introduce referral bias and limit gener-
alizability. Second, the absence of a control group without 
OSAS precludes comparison of diagnostic performance 
across populations. Third, the lack of longitudinal follow-up 
prevents the evaluation of clinical outcomes such as rhythm 
control success, cardiovascular events, or hospitalizations. 
Moreover, arousal scoring was limited to EEG-detected cor-
tical arousals; autonomic arousals were not assessed. Future 
studies with larger cohorts and prospective follow-up are 
warranted to validate these findings.

Conclusion

OSAS is highly prevalent among AF patients, with most 
cases going undiagnosed. As AF is associated with increased 
stroke risk, reduced quality of life, and elevated mortality 
[29, 30], early identification of modifiable risk factors is 
essential for AF management, along with anticoagulation, 
rhythm and rate control. Current guidelines recommend 
routine OSAS screening in AF patients [29], yet commonly 
used diagnostic tools may fail to capture events relevant to 
arrhythmia pathogenesis, particularly in non-desaturating 
individuals. Our study highlights the added diagnostic and 
prognostic value of arousal-inclusive hypopnea scoring. 
A simplified, large-scale screening approach must balance 
accessibility with diagnostic precision, particularly in high-
risk subgroups.

Incorporating arousal-based criteria should be viewed not 
as a mere technical adjustment, but as a clinically essential 
tool for accurate disease characterization and individualized 
management. In patients with AF, reliance on desaturation-
only diagnostic models may lead to substantial underdiag-
nosis, with direct implications for treatment decisions and 
long-term outcomes.
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strong link between insomnia and both the high prevalence 
and increased risk of cardiovascular diseases [19]. Insom-
nia, likely through mechanisms of physiological and cogni-
tive hyperarousal, may act as a trigger for atrial fibrillation 
episodes [20] and has been identified as an independent risk 
factor for post-ablation recurrence of AF [21, 22]. Given its 
high prevalence in this population and its potential patho-
physiological role, the comprehensive evaluation of sleep 
disorders is crucial to accurately characterize sleep architec-
ture, including arousals and respiratory events.

Despite the recognized impact of timely diagnosis and 
treatment of OSAS on AF-related outcomes, underdiagnosis 
remains a significant clinical concern. Although the AASM 
advises against the use of HSAT in patients with cardiovas-
cular disease, including those with AF, these simplified tests 
are still frequently employed in clinical practice, due to their 
accessibility, cost, and feasibility in routine clinical settings. 
However, HSAT lacks the capacity to detect arousals and 
assess sleep architecture, limiting its diagnostic accuracy in 
this population. Our findings reinforce that type III devices, 
although widely used, may underperform in this popula-
tion. Previous studies have shown that reliance on respira-
tory parameters alone can lead to misclassification of OSAS 
severity and underdiagnosis in symptomatic but non-desat-
urating patients [23, 24].

Won et al. (2020) also highlighted the significance of 
assessing how factors such as desaturations, arousals, sleep 
stages, and body position affect the AHI [22]. Furthermore, 
they stressed that defining the physiological endotypes of 
OSA is crucial for achieving a more comprehensive under-
standing of the disorder and for predicting clinical outcomes.
Hence, PSG remains the gold standard for accurate diagnosis 
and severity characterization in this subgroup. More accu-
rate classification of OSAS severity through arousal-inclu-
sive scoring has therapeutic implications. It can influence 
therapeutic pathways, including CPAP titration thresholds 
and inform rhythm control strategies [25]. Evidence sug-
gests that effective OSAS management improves AF abla-
tion success rates and reduces arrhythmia recurrence. Thus, 
underestimating disease severity due to incomplete scoring 
criteria may compromise the overall effectiveness of AF 
management [26, 27]. The incorporation of standardized 
protocols for identifying sleep-disordered breathing in AF 
patients is strongly recommended. Sousa et al. described 
a multidisciplinary clinical pathway designed to facilitate 
the diagnosis of sleep-disordered breathing in patients with 
atrial fibrillation [28]. The recognized limitations of screen-
ing based solely on symptoms underscore the importance of 
utilizing objective assessments such as polysomnography, 
even among asymptomatic individuals.
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