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BACKGROUND: Sleep-disordered breathing (SDB) and atrial fibrillation (AF) are highly prevalent in patients with stroke and are 
recognized as independent risk factors for stroke. Little is known about the impact of comorbid SDB and AF on long-term 
outcomes after stroke.

METHODS: In this prospective cohort study, 353 patients with acute ischemic stroke or transient ischemic attacks were analyzed. 
Patients were screened for SDB by respiratory polygraphy during acute hospitalization. Screening for AF was performed using 
a 7-day ECG up to 3× in the first 6 months. Follow-up visits were scheduled at 1, 3, 12, 24, and 36 months poststroke. Cox 
regression models adjusted for various factors (age, sex, body mass index, hypertension, diabetes, dyslipidemia, and heart 
failure) were used to assess the impact of comorbid SDB and AF on subsequent death or cerebro-cardiovascular events.

RESULTS: Among 353 patients (299 ischemic stroke and 54 transient ischemic attacks), median age, 67 (interquartile range, 
57–74) years with 63% males. Moderate-to-severe SDB (apnea-hypopnea index score, ≥15/h) was present in 118 (33.4%) 
patients. Among the 56 (15.9%) patients with AF, 28 had comorbid moderate-to-severe SDB and AF. Over 36 months, there 
were 12 deaths and 67 recurrent cerebro-cardiovascular events. Patients with comorbid moderate-to-severe SDB and AF 
had a higher risk of subsequent death or cerebro-cardiovascular events compared with those with only moderate-to-severe 
SDB without AF (hazard ratio, 2.49 [95% CI, 1.18–5.24]) and to those without moderate-to-severe SDB or AF (hazard ratio, 
2.25 [95% CI, 1.12–4.50]). However, no significant difference was found between the comorbid moderate-to-severe SDB 
and AF group and the group with only AF without moderate-to-severe SDB (hazard ratio, 1.64 [95% CI, 0.62–4.36]).

CONCLUSIONS: Comorbid moderate-to-severe SDB and AF significantly increase the risk of long-term mortality or recurrent 
cerebro-cardiovascular events after acute ischemic stroke. Considering both conditions as cumulative and modifiable 
cerebro-cardiovascular risk factors is of interest for the management of acute stroke.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT02559739.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Sleep-disordered breathing (SDB) is found in over 50% 
of patients with acute but also subacute and chronic 
stroke.1,2 Among stroke conditions, approximately 

one-third exhibit severe SDB with an apnea-hypopnea 
index (AHI) score of ≥30/h. The association of SDB and 
stroke is detrimental, as SDB independently increases 
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the risk of stroke recurrence,3 as well as mortality and 
impairs functional recovery after stroke.4

AF is the most common sustained cardiac arrhyth-
mia in patients with ischemic stroke, with 20% to 30% 
having known AF.5 It is associated with a 4- to 5-fold 
increase in incident stroke risk,6 and ≈15% of all strokes 
are caused by AF. AF is associated with longer stays in 
hospital, greater disability, higher rates of stroke recur-
rence and mortality compared with patients with stroke 
without AF.7

Early observational investigations indicated that 
moderate-to-severe SDB (AHI score, ≥15/h) is pres-
ent in up to 21.5% of patients with AF,8 whereas other 
data suggest that as many as 74% of patients with AF 
may have SDB (AHI score, >10/h).9 In comparison to 
those without SDB (AHI score, <5/h), individuals with 
moderate-to-severe SDB were reported to be 2 to 4× 
more likely to develop AF and the risk of AF is strongly 
associated with SDB severity.10 Furthermore, the rela-
tionship between these 2 conditions remains even after 
controlling for confounding conditions such as systemic 
hypertension, obesity, and heart failure.11

Long-term exposure to apneic events was shown to be 
linked to structural remodeling processes which increase 
AF-inducibility.12,13 Interestingly, growing evidence sug-
gests that nocturnal AF paroxysms are not solely 
explained by structural changes in the atrial myocar-
dium but acute transient arrhythmogenic changes during 
apneas may further contribute to AF development.14,15

The association between AF and SDB appears to be 
complex and bidirectional. These findings lend support 
to the hypothesis that the cause of AF may involve a 
distinctive interplay between the underlying pathophysi-
ological mechanisms of SDB and AF.

Despite the evidence of epidemiological and patho-
logical mechanisms linking SDB, AF, and cerebro- 
cardiovascular events (CCVE), there is, to our knowledge,  
no study investigating the poststroke association of  
SDB with AF and the impact of this combination on the 
long-term outcome. To gain insights into this topic, the 
present study was designed to investigate the impact of 
comorbid SDB and AF on the risk of recurrent CCVE 

including all-cause mortality in patients with ischemic 
stroke/TIA. We hypothesized that comorbid SDB and AF 
should be associated with an increased risk of recurrent 
CCVE including all-cause mortality in patients with isch-
emic stroke/TIA.

METHODS
Data Availability
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Study Design and Participants
This study is based on the Sleep Deficiency and Stroke Outcome 
Study (https://www.clinicaltrials.gov; NCT02559739), a pro-
spective observational cohort study that was designed to 
investigate the impact of sleep deficiency and sleep fragmen-
tation on the short- and long-term outcome of ischemic stroke 
and TIA. The sleep and stroke teams at the Bern University 
Hospital (recruitment period, July, 2015 to January, 2018) 
and the Neurocenter of Southern Switzerland of the Ospedale 
Regionale di Lugano (recruitment period, November, 2015 to 
July 2016) recruited patients with acute ischemic stroke or TIA 
consecutively admitted to their stroke centers. Follow-up visits 
were conducted at 1, 3, 12, 24, and 36 months after stroke 
onset. For this analysis, only patients admitted to the Bern 
University Hospital were included, as they had consistently 
available long-term ECG data and were followed up over a total 
time period of 36 months. The study was approved by the local 
ethics committees of Bern and Lugano, Switzerland. Eligible 
patients were 18 to 85 years of age and able to provide written 
informed consent.

Exclusion criteria were primary hemorrhagic stroke, clini-
cally unstable or life-threatening conditions (eg, coma/stu-
por, severe heart failure, and persisting oxygen dependency), 
pregnancy, drug or alcohol abuse, and incapability to follow the 
study procedures.

Polygraphic, Medical Recordings, and 7-Day 
ECG
Within 3 days after admission (at the latest 7 days after an 
acute stroke/TIA), 190 (54%) patients were screened for SDB 
by using a respiratory polygraphy (Nox Medical, Inc, Reykjavik, 
Iceland) and 163 (46%) patients with an ApneaLink (ResMed, 
Bella Vista, Australia).16

Apnea was defined as a ≥90% reduction in nasal pressure 
signal, while hypopnea was defined as a ≥30% reduction in 
airflow combined with ≥3% arterial oxygen desaturation, both 
lasting at least 10 s. Results were assessed by an experienced 
scorer following American Academy of Sleep Medicine guide-
lines.17 SDB presence was defined as AHI score of ≥5/h and 
categorized as mild (AHI score, 5–<15/h), moderate (AHI 
score, 15–<30/h), or severe (AHI score, ≥30/h).17

Screening for AF during the acute phase was performed 
with continuous ECG monitoring. In case of negative results 
during the ECG monitoring, ambulatory 7-day ECG was 
repeated up to 3× during the first 6 months after the stroke. 
According to the current consensus definition of paroxysmal 

Nonstandard Abbreviations and Acronyms

AF	 atrial fibrillation
AHI	 apnea-hypopnea index
BMI	 body mass index
CCVE	 cerebro-cardiovascular events
CPAP	 continuous positive airway pressure
SDB	 sleep-disordered breathing
TIA	 transient ischemic attack
TOAST	� Trial of the ORG 10172 in Acute Stroke 

Treatment
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AF, an arbitrary cut-off of ≥30 s was applied.18 For analysis, 
both patients with baseline AF and AF detected during follow-
up were considered.

The following additional information was collected: demo-
graphics, medical history, stroke/TIA characteristics and sever-
ity at both hospital admission and discharge using the National 
Institutes of Health Stroke Scale,19 and stroke etiology based 
on the TOAST study (Trial of the ORG 10172 in Acute Stroke 
Treatment).20

Long-Term Outcome: All-Cause Mortality and 
Incident CCVE After 36 Months
The primary end point was a composite of death from any 
cause, stroke (ischemic and hemorrhagic), TIA, nonfatal myo-
cardial infarction, unplanned hospitalization (or unplanned pro-
longation of a planned hospitalization) for heart failure, urgent 
revascularization, or other vascular events within the first 36 
months after the acute event.

Events were assessed through structured telephone inter-
views conducted by research fellows or study nurses. Patients’ 
general practitioners/attending physicians were contacted to 
collect the primary end point if neither patients nor surrogates 
were unable to provide appropriate information. Survival sta-
tus was also obtained by querying the Central Compensation 
Office, which registers all deaths of Swiss citizens or indi-
viduals residing in Switzerland, through the hospital’s patient 
management system. In case of missing information regarding 
the outcome of interest, we assumed that no event occurred. 
Subsequent recurrent events in individual patients were not 
considered.

Statistics
Descriptive statistics summarized demographics and baseline 
data, including counts, percentages, median, and interquartile 
range. Continuous and categorical variables were compared 
using appropriate tests: Mann-Whitney U test, Pearson χ² test, 
or Fisher exact test.

Univariate Cox regression assessed each baseline vari-
able’s impact on all-cause mortality and recurrent CCVE using 
log-transformed AHI and dichotomous AHI (cutoffs, 5, 15, and 
30/h). Subsequently, partly adjusted (each SDB metric+AF 
independently) and fully adjusted Cox regression analyzed 
comorbid moderate-to-severe SDB and AF, along with the 
differential impact of SDB and AF on the long-term outcome, 
adjusting for age, sex, body mass index (BMI), hypertension, 
diabetes, dyslipidemia, and heart failure. Multivariate logistic 
regression tested the association between moderate-to-severe 
SDB and AF occurrence, adjusting for the aforementioned 
covariates.

To test the association between stroke subtypes and the 
coexistent moderate-to-severe SDB and AF, multivariate logis-
tic regression was used with adjustment for age, sex, and 
hypertension. Kruskal-Wallis test was performed to compare 
the initial stroke severity in patients with comorbid moderate-
to-severe SDB and AF (SDB+/AF+), only moderate-to-severe 
SDB without AF (SDB+/AF−), only AF without moderate-to-
severe SDB (SDB−/AF+) and neither moderate-to-severe SDB 
nor AF (SDB−/AF−) (AHI cutoff score: 15/h).

Supportive analyses explored changing explanatory vari-
ables in Cox regression models. Additional analyses examined 

the interaction effect of SDB and AF on long-term outcomes. 
Multicollinearity was checked using variance inflation factors 
without imputation for missing values.

The planned sample size for this study was ≈520 patients, 
a number justified by the need to assess the prognostic value 
of individual sleep disorders in relation to CCVE. During the 
predetermined recruitment period, a total of 395 patients were 
evaluable for this analysis (with 353 contributing to the key 
regression analysis), which is still considered sufficient, espe-
cially on the basis of the number of primary events.

Statistical significance was defined as P<0.05. All analy-
ses were conducted in R version 4.0.2 (R Foundation for 
Statistical Computing; www.r-project.org). This study adheres 
to the Strengthening the Reporting of Observational Studies in 
Epidemiology guideline.21

RESULTS
Among the 395 patients included in the study with 
acute ischemic stroke or TIA, 42 patients were excluded 
because of either missing sleep test (n=41) or 7-day 
ECG monitoring (n=1; Figure S1). A total of 353 patients 
were finally analyzed. Excluded patients did not differ 
from the analyzed population regarding age, sex, BMI, 
and initial stroke severity (Table S1). For follow-up visits, 
326 (83%) patients were contacted after 1 month, 332 
(84%) after 3 months, 318 (81%) after 12 months, 310 
(78%) after 24 months, and 287 (73%) after 36 months.

Baseline study population consisted of 353 patients 
with 299 (85%) having an ischemic stroke and 54 
(15%) a TIA with a median National Institutes of Health 
Stroke Scale score of 2.0 (interquartile range, 1–4). The 
median AHI was 7.8/h (interquartile range, 3.5–20.0/h); 
118 (33%) patients were diagnosed with a moderate-to-
severe SDB (AHI score, ≥15/h) and 50 (14%) patients 
had severe SDB (AHI score, ≥30/h). Thirty-two (9%) 
patients had preknown SDB. Thirty-five (10%) patients 
had a history of AF, while in 21 (6%) patients AF was 
detected after stroke.

Forty-five (80%) of these 56 patients with AF 
(including baseline and follow-up) received oral antico-
agulation, 5 patients received antiplatelet therapy, and 
data were not available in 6 patients. During the follow-
up visits, continuous positive airway pressure (CPAP) 
therapy was received by only 18 (15%) patients of 118 
moderate-to-severe patients with SDB. Among them, 
6 patients had initiated CPAP before the occurrence 
of stroke/TIA, while 12 patients initiated the treatment 
during the follow-up period. Only 8 (44%) of 18 patients 
continued treatment 12 months after stroke/TIA onset.

Patients with stroke with AF were relatively older, 
more often male, had a higher AHI, higher frequency 
of prestroke hypertension, and a higher occurrence 
of cardioembolic stroke compared with those without 
AF (Table 1). Of all 56 patients diagnosed with AF, 28 
patients (50%) had comorbid moderate-to-severe SDB 
and AF (Table 2).
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During the 36 months’ follow-up, 67 (19%) recurrent 
patients with CCVE were reported and 12 (3%) patients 
were died during the observational period. The most fre-
quently observed CCVE was recurrent stroke, 25 (7%) 
and TIA, 17 (5%). In addition, 8 subsequent heart failure 
leading to hospitalization, 3 myocardial infarction, 2 events 
of unstable angina requiring urgent revascularization, and 
12 other vascular events were recorded. Multivariate Cox 
regression showed that patients with stroke/TIA with 
SDB+/AF+ had a higher risk of death or recurrent CCVE 
than patients with SDB+/AF− (hazard ratio, 2.49 [95% CI, 
1.18–5.24]) or SDB−/AF− (hazard ratio, 2.25 [95% CI, 
1.12–4.50]) after accounting for age, sex, BMI, hyperten-
sion, diabetes, dyslipidemia, and heart failure. In contrast, 

no significant association was observed between SDB+/
AF+ and SDB−/AF+ (AHI score, <15/h; hazard ratio, 1.64 
[95% CI, 0.62–4.36]; Figure 1).

To further characterize the differential impact of 
SDB and AF on the long-term outcome of stroke and 
TIA, univariate Cox regression was first performed in 
log-transformed AHI, dichotomized AHI with cutoff at 
5, 15, and 30/h, and AF. Significant HRs for AF, log-
AHI, and AHI score of ≥30/h were observed. Then, 
partly and fully adjusted Cox regression models were 
used. Although the severe SDB group approached 
significance in model 2d implicating SDB as an inde-
pendent risk for CCVE, the associations between SDB 
and long-term outcome in both partly adjusted models 
(AF+sleep metrics) and fully adjusted models became 
nonsignificant. However, the impact of AF persisted 
and remained statistically significant after adjusting for 
all covariates (Figure 2; Table S2). No significant inter-
action was found between SDB and AF, regardless of 
whether SDB was considered as a categorical variable 
(AHI score, ≥15/h; P=0.23) or when examining log-
transformed AHI (P=0.89).

In addition, we tested the association between AF and 
SDB (AHI score, ≥15/h). Multivariate logistic regression 
shows that AF was significantly more frequent in SDB 
after adjusting for age, sex, BMI, hypertension, diabetes, 
dyslipidemia, and heart failure (AHI score, ≥15/h versus 
AHI score, <15/h; odds ratio, 1.97 [95% CI, 1.05–3.68]; 
Table 2).

Next, we studied the association between SDB, AF, 
and stroke subtypes. Using the TOAST classification, the 
highest proportion of cardioembolic stroke was observed 
in the SDB+/AF+ group, whereas a relatively lower pro-
portion was observed in the SDB−/AF+ group (65% ver-
sus 48%; Figure 3). The highest risk of cardioembolic 
stroke was observed in the SDB+/AF+ group compared 
with the SDB−/AF+ group and compared with the SDB−/
AF− group (SDB+/AF+ versus SDB−/AF−: odds ratio, 
6.20 [95% CI, 2.64–15.35]; SDB−/AF+ versus SDB−/
AF−: odds ratio, 2.68 [95% CI, 1.17–6.13]). Moreover, 
the SDB+/AF− group had a significantly higher fre-
quency of large artery atherosclerosis stroke than the 
SDB−/AF− group (odds ratio, 1.96 [95% CI, 1.06–3.59]) 
after accounting for age, sex, and hypertension.

Finally, we investigated the associations between 
SDB, AF, and stroke severity at admission. No significant 

Table 1.  Patient Characteristics at Baseline Stratified by AF

 
No AF 
(n=297) 

AF  
(n=56) 

Total 
(n=353) P value 

Age, y; median (IQR) 65 (55–74) 73 (64–77) 67 (57–74) < 0.001

Male, sex; n (%) 181 (60.9%) 42 (75.0%) 223 (63.2%) 0.045

BMI, kg/m2; median 
(IQR)

26.3 
(23.9–29.2)

25.9 
(23.2–29.0)

26.3 
(23.8–29.3)

0.77

SDB severity 0.011

No (AHI<5) 112 (37.7%) 11 (19.6%) 11 (34.8%)  

Mild (5≤AHI<15) 95 (32.0%) 17 (30.4%) 112 (31.7%)  

Moderate 
(15≤AHI<30)

53 (17.8%) 15 (26.8%) 68 (19.3%)  

Severe (AHI≥30) 37 (12.5%) 13 (23.2%) 50 (14.2%)  

AHI; median (IQR) 7.0 
(3.5–17.7)

14.6 
(5.6–26.8)

7.8 
(3.5–20.0)

0.006

NIHSS score at 
admission, median 
(IQR)

2 (1–4) 2 (0–7) 2 (1–4) 0.88

NIHSS score at 
discharge, median 
(IQR)

0 (0–2) 0 (0–1) 0 (0–2) 0.24

TOAST, n (%) < 0.001

 � CE 81 (27.3%) 31 (55.4%) 112 (31.7%)  

 � LAA 77 (25.9%) 10 (17.9%) 87 (24.6%)  

 � Other 20 (6.7%) 0 (0.0%) 20 (5.7%)  

 � SVO 22 (7.4%) 5 (8.9%) 27 (7.6%)  

 � Unknown 97 (32.7%) 10 (17.9%) 107 (30.3%)  

Previous medical conditions

SDB, n (%) 20 (6.7%) 12 (21.4%) 32 (9.1%) < 0.001

Stroke, n (%) 66 (22.2%) 11 (19.6%) 77 (21.8%) 0.67

Heart failure, n (%) 7 (2.4%) 1 (1.8%) 8 (2.3%) 0.79

Coronary heart 
disease n (%)

31 (10.4%) 8 (14.3%) 39 (11.0%) 0.40

Hypertension, n (%) 170 (57.2%) 40 (71.4%) 210 (59.5%) 0.047

Diabetes, n (%) 46 (15.5%) 7 (12.5%) 53 (15.0%) 0.57

Dyslipidemia, n (%) 161 (54.2%) 35 (62.5%) 196 (55.5%) 0.25

AF indicates atrial fibrillation; AHI, apnea-hypopnea index; BMI, body mass 
index; CE, cardioembolism; IQR, interquartile range; LAA, large artery atheroscle-
rosis; NIHSS, National Institutes of Health Stroke Scale; SDB, sleep-disordered 
breathing; SVO, small vessel occlusion; and TOAST, Trial of the ORG 10172 in 
Acute Stroke Treatment.

Table 2.  Frequency of AF in AHI Score, ≥15 Versus <15/h

 No AF AF 
Unadjusted 
OR (95% CI) 

Adjusted OR 
(95% CI) 

AHI score, <15/h 
(reference)

207 28 (11.9%) 2.30 
(1.29–4.12)

1.97 
(1.05–3.68)

AHI score, ≥15/h 90 28 (23.7%)

Covariates: age, sex, body mass index, hypertension, diabetes, dyslipidemia, 
and heart failure. AF indicates atrial fibrillation; AHI, apnea-hypopnea index; and 
OR, odds ratio.
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difference in initial National Institutes of Health Stroke 
Scale scores was observed between these 4 groups 
(P=0.10).

DISCUSSION
This study assessed for the first time the impact of 
comorbid SDB and AF on the long-term outcome in 
patients with ischemic stroke and TIA and offered 3 
main results. First, patients with stroke and TIA with 
comorbid moderate-to-severe SDB and AF have worse 
long-term cerebro-cardiovascular outcomes and higher 
mortality compared with patients with only moderate-to-
severe SDB or with neither moderate-to-severe SDB 
nor AF, independent of age, sex, BMI, hypertension, dia-
betes, dyslipidemia, and heart failure. Second, AF is the 
dominant risk factor for recurrent CCVE or mortality, as  
moderate-to-severe SDB alone did not significantly 
increase CCVE. However, it is important to note that  
moderate-to-severe SDB is known to significantly 
increase the occurrence of AF, consistent with our results 
showing that patients with moderate-to-severe SDB had 
a significantly increased prevalence of AF. Third, comor-
bid moderate-to-severe SDB and AF are associated with 
a higher cardioembolic stroke mechanism.

The study highlights the role of AF as a potential major 
stroke mechanism in patients with SDB. These findings 
are in line with a prospective study of 134 patients show-
ing both a high prevalence of SDB in stroke patients 
and identifying AF as a dominant predictor of stroke in 
patients with SDB.22

Both SDB and AF share common risk factors and sev-
eral pathophysiological mechanisms link SDB to AF such 
as significant fluctuations in autonomic tone during obstruc-
tive apneic events,23 increased systemic inflammation, atrial 
fibrosis, as well as atrial enlargement and remodeling.24,25

To date, only a few studies have investigated the 
impact of SDB on cerebral and cardiovascular mortality 
and morbidity with adjusting for AF.26–28 Ponsiang et al 
found that a high AHI score (>24/h) no longer affected 
survival in patients with stroke when adjusted for the 
effects of age, disability, and AF, whereas there was a 
trend toward 3.63× higher mortality risk with AF,26 which 
is in line with our results showing that patients with AF 
doubled the mortality risk compared with patients with-
out AF. Besides, our study indicates a higher prevalence 
of AF in moderate-to-severe SDB. These findings are in 
accordance with results from a previous large population-
based study of 6841 patients showing that SDB severity 
is independently associated with incident AF.10

Figure 1. Event-free Kaplan-Meier curves for the risk of death or recurrent cerebro-cardiovascular events in SDB−/AF−, SDB+/
AF−, SDB−/AF+, and SDB+/AF+ groups during the 36-mo follow-up.
SDB−/AF−: Apnea-Hypopnea Index (AHI)<15/h without AF (n=207); SDB+/AF−: AHI≥15/h without AF (n=90); SDB−/AF+: AHI<15/h with AF 
(n=28); SDB+/AF+: AHI≥15/h with AF (n=28). Covariates: age, sex, body mass index, hypertension, diabetes, dyslipidemia, and heart failure. AF 
indicates atrial fibrillation; and SDB, sleep-disordered breathing.
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Results from previous studies investigating the direct 
impact of SDB on long-term outcomes are heterogeneous. 
Most of these studies focus almost exclusively on AHI to 
quantify the severity of SDB. A meta-analysis of prospec-
tive clinical and population-based studies suggests SDB 
as an independent stroke predictor.29 Further studies 
describe an independent impact of SDB on mortality30,31 
and recurrent CCVE.32 Moreover, in a long-term follow-up 
study with 842 patients followed for 591 days, Brown et 
al3 showed that SDB is associated with recurrent ischemic 
stroke independent of demographics, BMI, cardiovascu-
lar risk factors, and initial stroke severity. Contrary, a large 
decade-long cohort study reports that not AHI alone but 
SDB-related factors such as sleep time spent with oxygen 
saturation <90%, number of awakenings, mean heart rate, 
or excessive daytime sleepiness are significantly indepen-
dently associated with an increased risk of CCVE.33

After adjusting for potential confounders and risk fac-
tors including AF, we also did not find SDB based on the 
AHI as an independent risk factor for CCVE and mortality.

Concerning stroke subtypes, inconsistent findings have 
been published on the frequency of cardioembolic stroke 
in patients with SDB. One retrospective study found a 
significant association between cardioembolic strokes in 
patients with moderate-to-severe SDB,34 whereas Brown 
et al35 did not find an association between SDB and 
stroke subtypes. Results from our study indicate a signifi-
cant association between moderate-to-severe SDB and 
large artery origin of stroke after adjustment for age, sex, 
and hypertension, whereas AF is significantly associated 

with cardioembolism strokes as previously reported in 
numerous studies.33,36

Importantly, our study shows that the highest proportion 
of cardioembolism strokes was observed in the group of 
patients with stroke with coexistent moderate-to-severe 
SDB and AF. Prior research described a pathophysiologi-
cal link between SDB, AF, and left atrial enlargement,37 as 
well as the association of left atrial volume with cardioem-
bolism and AF.38 Although previous attempts to identify an 
interaction between these 2 factors yielded unfavorable 
results, it is essential to acknowledge that the analysis 
might not be conclusive due to the limitations in sample 
size. Future investigations are warranted to delve into the 
effects of SDB, not only as a direct risk factor for AF, but 
also as a crucial intermediary risk for cardiostructural and 
metabolic comorbidities.

The most important strengths of our study are the 
regular long-term clinical follow-up visits of up to 36 
months and the prolonged sequential 7-day ECG moni-
toring applied up to 3 times following stroke with a high 
probability to detect paroxysmal AF.

Our study has many limitations. First, SDB was 
assessed only once in the acute phase of stroke. Some 
studies reported a night-to-night variability in SDB sever-
ity.39 After a stroke, most studies suggested that SDB fol-
lowing stroke/TIA remains frequent even at 3 months or 
later.2,40 Second, the assessment of SDB was performed 
with portable devices, which generally underestimates the 
frequency and severity of SDB in comparison to polysom-
nography.41 Third, cumulative evidence suggests that AHI, 

Figure 2. Hazard ratio of incident death or cerebro-cardiovascular events after 36 mo visits.
AF indicates atrial fibrillation; and AHI, Apnea-Hypopnea Index.
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the generally recommended measurement for SDB, poorly 
predicts the adverse outcomes of sleep apnea, potentially 
because AHI does not adequately capture disease burden 
with respect to the depth and duration of ventilator distur-
bances and the concomitant oxygen desaturation. Rather 
than AHI, the desaturation and obstruction severity or so-
called hypoxic burden defined as the event-associated area 
under the oxygen desaturation curve seems to improve the 
prediction of cerebro-cardiovascular outcome.42,43 Fourth, 
it should be noted that the study population primarily con-
sists of patients with stroke with mild-to-moderate impair-
ment, which was necessary to facilitate neurocognitive 
testing and questionnaires administration as part of our 
study design. However, this approach may have resulted 
in the exclusion of patients with aphasia and more severe 
impairments, potentially introducing a selection bias. Con-
sequently, the generalizability of our study findings may be 
impacted. It is worth highlighting that the significance of 
SDB in influencing outcomes is underscored in this spe-
cific patient cohort, which predominantly consists of mildly 
to moderately affected individuals. Additionally, being a 
single-site study imposes limitations on the generalizabil-
ity of the findings.

Our study identifies additional limitations regarding the 
treatment status of SDB and AF at baseline and during 

the follow-up period. In relation to SDB treatment, par-
ticularly the use of CPAP, there is a lack of comprehen-
sive data on therapy compliance and adherence, which 
would be essential for evaluating the sustained effects 
over a prolonged duration. Previous trials investigating 
the functional outcomes of CPAP treatment in patients 
with stroke have yielded inconsistent results.1 A meta-
analysis that encompassed 10 randomized controlled 
trials and involved 564 patients with stroke showed an 
overall improvement in neurofunctional outcomes with 
CPAP treatment.44 However, it is important to note that 
our study was not explicitly designed to thoroughly inves-
tigate this specific effect.

In the context of AF, 80% of the patients received 
anticoagulant therapy in adherence to the prevailing 
guidelines. This proactive approach effectively mitigates 
the potential confounding effect of inadequate treatment, 
consequently safeguarding the long-term outcomes.

CONCLUSIONS
Patients with stroke with comorbid moderate-to-severe 
SDB and AF have a higher risk of long-term cerebro-
cardiovascular morbidity and mortality compared with 
patients with only moderate-to-severe SDB and patients 

Figure 3. The mosaic plot of the distribution of stroke etiology in SDB−/AF−, SDB+/AF−, SDB−/AF+, and SDB+/AF+ groups. 
Caption: 231, 66, 33, and 23 patients are in SDB−/AF−, SDB+/AF−, SDB−/AF+, and SDB+/AF+ groups, separately. The frequencies of 
cardioembolism (CE) are 61, 20, 16, and 15, separately. The frequencies of large artery atherosclerosis (LAA) are 50, 27, 8, and 2, respectively. 
AF indicates atrial fibrillation; SDB, sleep-disordered breathing; and SVO, small vessel occlusion.
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with neither moderate-to-severe SDB nor AF. AF appears 
to be the dominant independent risk factor. Thus, it is 
important to consider both conditions as cumulative and 
potential modifiable cerebro-cardiovascular risk factors, 
because of the availability of specific treatment options. 
Further studies are needed to confirm our observations 
and to assess the utility of other measures of SDB sever-
ity (eg, nocturnal hypoxemic burden and night-to-night 
variability) to better understand the interrelationship 
between SDB, AF and cerebro-cardiovascular diseases.
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