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Obstructive sleep apneas and cardiac arrhythmias

Although the causality between OSA and arrhythmia 
has not yet been established, the emerging data have 
identified a number of pathophysiological pathways 
that can increase the propensity for cardiac arrhyth-
mia in OSA. These pathways are complex, multidirec-
tional and potentially synergistic. OSA and atrial fibril-
lation, for example, share risk factors (increasing age, 
obesity, hypertension) and consequences that can act 
together in increasing cardiovascular risk [7]. Epidemi-
ological studies have shown that sleep breathing disor-
ders carry an almost double risk of atrial fibrillation; in 
patients with OSA and heart failure, the risk increases 
2 to 4 times compared to those without either condi-
tion [8-17]. Although most studies have focused on the 
links between OSA and atrial fibrillation, relationships 
with ventricular arrhythmias have also been described 
[18-20]. Furthermore, studies on circadian rhythm and 
sudden cardiac death have shown a predisposition in 
sleep apnea subjects to develop fatal events during the 
night, a period of relative cardioprotection for individ-
uals without obstructive apnea [21]. Bradyarrhythmias, 
such as atrioventricular blocks and sinus pauses, are 
also more prevalent in patients with OSA, however ep-
idemiological studies have shown that the association 
is limited to those with severe obstructive apnea (AHI 
≥ 30 events/hour) and with severe nocturnal hypoxia; 

Introduction
Obstructive sleep apnea (OSA) is a sleep respiratory 

disorder characterized by an intermittent complete or 
partial collapse of the upper airways, resulting in apnea 
and hypopnea events. Breathing pauses cause acute 
adverse effects including oxyhemoglobin desaturation, 
changes in blood pressure and heart rate, increased 
sympathetic activity, cortical arousals (micro awaken-
ings) and sleep fragmentation [1].

Complications and associated pathologies

There is limited evidence to support the fact that 
mild OSA can have negative health consequences, but 
numerous studies on large populations have shown 
the correlation between moderate or severe untreated 
OSA with various complications [2].

It was shown, after controlling for confounding fac-
tors such as body mass index and smoking, that severe 
OSA confers a 2.6 times greater risk of myocardial in-
farction, coronary revascularization, congestive heart 
failure or cardiovascular death [3]. The risk of ischemic 
stroke is also increased in patients with untreated OSA, 
particularly in men with an apnea-hypopnea index (AHI) 
greater than 19 events/hour or in women with an AHI 
of more than 25 events/hour [4]. Other important car-
dio-metabolic associations include atrial fibrillation, re-
sistant hypertension and insulin resistance [5,6].
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autonomic variations) that lead, over time, to a structur-
al and electrical cardiac remodeling capable of consti-
tuting a potentially arrhythmogenic substrate (Figure 1).

The electrophysiological bases in OSA-induced cardi-
ac arrhythmia include abnormal automatism, triggered 
activity, reduction of the atrial effective refractory peri-
od (ERP), QT interval prolongation and reentry mecha-
nisms [7].

Alterations of the autonomic nervous system
Although there are unambiguous synergies between 

the pathophysiological sequelae of OSA, the data sug-
gest that OSA-related sympatho-vagal imbalance may 
be the main trigger for cardiac arrhythmogenesis.

The progressive increase in respiratory effort to 
obtain the restoration of the patency of the airways 
is intrinsic to the physiology of obstructive respiratory 
events. During the apnoic event, vagal stimulation to 

in particular, atrioventricular nodal blocks have been 
observed mainly in REM sleep, when apneas are typical-
ly longer and oxygen desaturation is more pronounced 
[22].

The apneas and hypopneas that characterize OSA 
are frequently accompanied by oxyhemoglobin desatu-
rations and microarousal, which cause sleep fragmenta-
tion. The imbalance of the autonomic nervous system, 
characterized by vagal cardiac activation during and by 
an undisputed sympathetic activation after OSA events, 
can precipitate arrhythmias [23,24]. In addition, im-
portant fluctuations in intrathoracic pressure occur in 
OSA caused by attempts to breathe in the presence of 
blocked airways [25]. These pathophysiological events 
related to obstructive sleep apnea can lead to an in-
crease in the arrhythmia rates observed in patients with 
these disorders [9,26]. Overall, in OSA it is possible to 
consider a conceptual model based on repeated acute 
insults (i.e. continuous hemodynamic, hypoxemic and 

         

Figure 1: Pathophysiological pathways of obstructive sleep apnea that potentially predispose to cardiac arrhythmogenesis 
(Cleveland Clinic Center for Medical Art & Photography© 2016).
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Patients, Materials and Methods

Patients
From 2015 to 2019, about 1160 patients accessed 

the clinic for sleep disorders, belonging to the UOC of 
Geriatrics of the Policlinico Umberto I in Rome, to per-
form nocturnal cardiorespiratory monitoring or polyg-
raphy.

Of this sample we enrolled 65 patients who, in addi-
tion to having performed the polygraphic survey, were 
also subjected to a 24-hour dynamic electrocardiogram 
for clinical study.

Polygraphy found an AHI ≥ 5 events/h in 55 patients, 
who were therefore diagnosed with OSA, while it was 
negative (AHI < 5 events/h) in the remaining 10 patients, 
who were classified as controls.

All patients were asked for complete medical history, 
including drug therapy in progress, and questionnaires 
were given to investigate daytime sleepiness, snoring, 
and sleep quality (Epworth Sleepiness Scale, Berlin Test, 
Pittsburgh Sleep Quality Index). In addition, in each 
of them, anthropometric parameters such as weight, 
height, body mass index (BMI), waist and neck circum-
ference were measured.

Polygraphy
The polygraphic recording was performed using the 

“Embletta MPR” or “Nox T3” equipment. Signals detect-
ed by the devices included peripheral oxygen saturation 
(SpO2), nasal airflow, chest and abdominal movements, 
heart rate, snoring, and body position. All overnight car-
diorespiratory monitors had a valid recording time of at 
least 4 hours.

The data were interpreted by integrating the auto-
matic analysis of the “RemLogic” or “Noxturnal” soft-
ware with the manual analysis of the medical staff. Ap-
nea was defined as the absence or reduction in nasal 
airflow ≥ 90% for a period of ≥ 10 seconds while hypo-
pnea as the reduction in airflow ≥ 30% for a period of 
at least 10 seconds associated with a oxyhemoglobin 
desaturation ≥ 3%.

The AHI was derived from these respiratory events, 
which is the total number of apneas and hypopneas per 
hour of sleep. The ODI was defined as the number of 
oxyhemoglobin desaturation episodes ≥ 3% compared 
to baseline per hour of sleep.

24-Hour electrocardiogram monitoring
All enrolled patients underwent 24-hour electrocar-

diogram monitoring using the 3-channel “North East 
Monitoring DR200” device. The recorded data were 
analyzed using the “LX Analysis 5.4c” software and the 
tracings were fully reviewed by the medical staff for the 
correction and elimination of any artifacts.

For each patient, the total number of supraventricu-

the heart increases, leading to bradycardia (immersion 
reflex). These vagal influences shorten the atrial effec-
tive refractory period and thus increase vulnerability 
to excitatory stimuli [7]. When upper airway patency is 
restored, strong sympathetic nervous system responses 
are elicited due to the respiratory center-sympathetic 
interaction, the synergistic effects of hypoxia and hyper-
capnia, and the concomitant lack of sympathetic inhibi-
tion from normal pulmonary reflexes [27].

Furthermore, the increase in sympathetic nervous 
activity in OSA is largely responsible for the character-
istic heart rate and blood pressure peaks that generally 
occur shortly after the end of apnea [28-30]. These re-
petitive increases in blood pressure oppose the phys-
iological reduction in values that accompanies normal 
sleep and can be responsible, in many cases, for the 
phenomenon of the “non-dipping” of the nocturnal 
pressure profile [31].

However, the autonomic imbalances associated 
with OSA are not limited to sleep. Patients with OSA 
have a higher diurnal sympathetic nervous activity than 
healthy controls matched for age, sex and body mass 
index [32,33].

Treatment of OSA with continuous positive airway 
pressure leads to a reduction in urinary catecholamine 
levels at night and in daytime muscular sympathetic 
nervous activity. The latter effect occurs after several 
months of CPAP therapy and is most evident in patients 
with the most hours of CPAP use [34-36].

Cardiovascular autonomic function in OSA was also 
examined by evaluating heart rate variability (HRV) [27]. 
HRV is the variation of the time intervals between adja-
cent heart beats and is considered a measure of neuro-
cardiac function that reflects, in fact, heart-brain inter-
actions and the dynamics of the autonomic nervous sys-
tem. A healthy heart is not a metronome and the oscil-
lations between beats are complex and non-linear [37]. 
An optimal HRV value generally reflects a good state of 
health, the psycho-physical adaptability and resilience 
of the individual [38] while reduced heart rate variabili-
ty is associated with an increased risk of cardiac events 
and mortality [39]. A common cause of HRV reduction is 
persistent activation of the sympathetic nervous system 
[40].

Some studies have shown that OSA is able to influ-
ence HRV by causing an increase in sympathetic modu-
lation and a reduction in the parasympathetic one [27].

Aim of the Study
The objective of our study was to examine the poten-

tial effects of obstructive sleep apnea on arrhythmias 
and autonomic cardiac activity by evaluating, respec-
tively, the rate of both supraventricular and ventricular 
extrasystoles and heart rate variability indices (HRV) in 
subjects with OSA compared to a control group.
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The time domain indices, obtained through statistical 
operations on the R-R interval, include: the standard de-
viation of all R-R intervals (SDNN); the square root of the 
mean square differences of the adjacent R-R intervals 
(RMSSD); the percentage of adjacent R-R intervals that 
differ from each other by more than 50 ms (pNN50).

In the frequency domain, instead, through the spec-
tral analysis, the following HRV variables were evaluat-
ed: Very low frequency (VLF), low frequency (LF), high 
frequency (HF), total power (TOTAL), low frequency/
high frequency (LF/HF).

The characteristics of the HRV indices are summa-
rized in Table 1.

Statistical analysis
Normal continuous variables were expressed as 

mean ± standard deviation while non-normal continu-
ous variables were expressed as median [interquartile 
range - IQR]. The statistical tests used were, when ap-

lar (SVES) and ventricular extrasystoles (VES) was mea-
sured, as well as the maximum, minimum and average 
heart rate values.

Regarding supraventricular extrasystoles, they were 
defined as frequent when present in numbers greater 
than 76 per day, referring to a study published in the 
“Journal of the American Heart Association” in 2015 en-
titled “Prognostic Significance of Premature Atrial Com-
plexes Burden in Prediction of Long- Term Outcome” 
[41]; while ventricular extrasystoles were considered 
frequent if higher than 30 per hour (720 per day) on the 
basis of the “Lown classification” [42].

Heart rate variability (HRV) analysis

From the 24-hour electrocardiographic recording, 
using the same software “LX Analysis 5.4c”, the variabil-
ity of the heart rate was evaluated, i.e. the variation of 
the R-R interval between adjacent heart beats, both in 
the time domain and in that of the frequency.

Table 1: The definitions of heart rate variability parameters.

Variable Unit Description
Time domain analysis
SDNN ms Standard deviation of all NN intervals (normal to normal)

RMSSD ms The square root of the mean of the sum of the squares of differences between 
adjacent NN intervals

pNN50 % Percentage of successive NN intervals that differ by more than 50 ms
Frequency domain analysis
TOTAL power ms2 Variance of all NN intervals (≤ 0.4 Hz)
VLF ms2 Power in very low frequency range (≤ 0.04 Hz)
LF ms2 Power in low frequency range (0.04-0.15 Hz)
HF ms2 Power in high frequency range (0.15-0.4 Hz)
LF/HF Ratio LF/HF

Table 2: Main clinical features in patients with OSA and in control subjects.

OSA (AHI ≥ 5)

N = 55

Controls (AHI < 5)

N = 10

P

Age 61.6 ± 11.4 57.1 ± 16.0 0.282

BMI 30.1 ± 6.4 24.0 ± 5.3 0.005*

Waist circumference 102 [96-113] 90 [85-100] 0.006*

Neck circumference 41 [38-45] 36 [32.75-39.50] 0.002*

Male 70.9% 40.0% 0.057

Smoking 9.1% 10.0% 0.927

Hypertension 85.5% 50.0% 0.010*

Diabetes 30.9% 0.0% 0.041*

Dyslipidemia 63.6% 50.0% 0.489

Antiarrhythmic drugs 25.5% 20.0% 0.713

Previous major adverse cardiac or 
cerebrovascular events

20.0% 10.0% 0.453

SVES supraventricular extrasystoles (24 h) 38 [16-250] 13 [6.75-118.75] 0.184

VES ventricular extrasystoles (24 h) 35 [4-1090] 1 [0-36.25] 0.008*

https://doi.org/10.23937/2572-4053.1510030
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Results
The clinical characteristics compared between the 

OSA patients and the control group are summarized in 
Table 2.

The age of the patients did not appear very divergent 
in the two groups, while the BMI, waist and neck circum-
ference were significantly higher in those with OSA (p < 
0.01). The prevalence of some diseases such as hyper-
tension and diabetes mellitus evidently appeared high-

propriate, Student’s t and Mann-Withney respectively. 
The categorical variables were expressed in percentage 
values   and the significance of the differences tested 
with the chi-square test.

A multivariate logistic regression model was conduct-
ed to test the variables associated with the presence of 
a significant number of SVES and/or VES. A value of p < 
0.05 was accepted as statistically significant. Statistical 
analysis was conducted using IBM SPSS Statistics 25.0 
software.

         

Chart 1: Prevalence of the excessive number of extrasystoles in OSA patients and controls.

         

Chart 2: Prevalence of the excessive number of extrasystoles in the various degrees of OSA.
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alyzed compared to the presence or absence of severe 
OSA and a statistically significant difference emerged; as 
shown in Chart 3, in fact, it was found that the intake of 
antiarrhythmic drugs is more frequent in patients with 
severe obstructive apnea than in those with lower de-
grees of disease (p = 0.015).

Ultimately, through a multivariate logistic regres-
sion model it was found that OSA is associated with the 
increase in extrasystoles above the threshold value re-
gardless of gender, the age of over 65 years, the BMI 
class, the presence of pathologies such as arterial hy-
pertension and diabetes, and the antiarrhythmic ther-
apy (Table 3).

In the study, HRV indices and mean heart rate values   
were also compared between the OSA group and con-
trols (Table 4), but excluding patients on antiarrhythmic 
therapy from the analysis to avoid confounding factors 
deriving from the effects of the same on the heart ac-
tivity.

From the comparison survey between the two 
groups, only one statistically significant difference 
emerged regarding the SDNN value, which was lower in 
patients with OSA.

In addition, the analysis was performed to compare 
the HRV and average heart rate values between pa-
tients with severe OSA, therefore overt, and controls 
(Table 5).

As can be seen from Table 5, in severe OSA compared 
to the control group, the SDNN value was statistically 

er in patients with obstructive apnea (p < 0.05) as well 
as dyslipidemia, the latter, however, without statistical 
significance. Furthermore, the frequency of ventricular 
extrasystoles over 24 hours was also significantly high-
er in OSA subjects compared to controls (p < 0.01); the 
same trend was observed for supraventricular extrasys-
toles without however reaching the statistical weight.

By analyzing more in depth the potential impact of 
OSA on cardiac arrhythmias, the prevalence of exces-
sive frequency of supraventricular and/or ventricular 
extrasystoles per day was assessed (defined > 76/24 h 
for SVES and > 720/24 h for VES in reference the above 
studies) compared to the presence or absence of sleep 
breathing disorder. The difference between groups was 
statistically significant (p = 0.044) and as can be seen 
from Chart 1, in the presence of OSA the number of 
patients with an excessive number of supraventricular 
and/or ventricular extrasystoles per day increases.

In addition, the different prevalence of the increased 
number of extrasystoles in the different classes of OSA 
was evaluated; also in this case the statistical signif-
icance was highlighted (p = 0.000) and by examining 
Chart 2, it is possible to note that as the severity of OSA 
increases, the number of patients with extrasystoles 
above the threshold increases; this trend, however, was 
observed in mild and moderate degrees of disease but 
not in severe OSA, in which a reduction in patients with 
an altered number of extrasystoles was highlighted.

In the hypothesis of a possible influence of antiar-
rhythmic therapy, the frequency of the latter was an-

         

Chart 3: Prevalence of the antiarrhythmic therapy in patients with severe and non-severe OSA.
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directly and through the effects on the autonomic ner-
vous system [22].

In this study, in agreement with previous evidence 
[18,20] it was found that patients with OSA have a sig-
nificantly higher number of ventricular extrasystoles per 
day than healthy patients. In addition, in the presence 
of the disease, the number of patients with an exces-
sive daily frequency of supraventricular and/or ventric-
ular extrasystoles increases. Finally, OSA was associated 
with an increase in extrasystoles above the threshold 
value set regardless of gender, age over 65, BMI class, 
the presence of diseases such ashypertension and dia-
betes, and taking antiarrhythmic drugs.

significantly decreased while the average heart rate was 
found to be higher.

Discussion
Obstructive sleep apnea is a very common disease 

and is associated with an increased risk of cardiovascu-
lar events such as myocardial infarction, atrial fibrilla-
tion, sudden cardiac death and other arrhythmias. The 
correlation between heart rhythm disorders and OSA is 
an emerging problem and is increasingly being studied 
[43]. Various pathophysiological consequences of OSA, 
including intermittent hypoxia and the resulting oxida-
tive stress, recurrent arousals and fluctuations in intra-
thoracic pressure can cause cardiac arrhythmias, both 

Table 3: Logistic regression.

B S.E. Wald gl Sign. Exp (B)
Gender -0.726 0.611 1.410 1 0.235 0.484
Age over 65 1.047 0.607 2.974 1 0.085 2.848
BMI class -0.349 0.263 1.769 1 0.184 0.705
Hypertension -0.248 0.793 0.098 1 0.755 0.780
Diabetes -0.193 0.725 0.071 1 0.790 0.824
Antiarrhythmic drugs -0.025 0.706 0.001 1 0.972 0.976
OSA (AHI ≥ 5) 1.889 0.941 4.031 1 0.045* 6.613
Constant -0.805 1.123 0.514 1 0.473 0.447

Table 4: The differences of HRV parameters and average heart rate between OSA patients and controls.

OSA (AHI ≥ 5)

N = 41

ControlS (AHI < 5)

N = 8

P

SDNN (ms) 138.00 [98.50-163.00] 156.50 [140.50-195.25] 0.047*

pNN50 (%) 3.4100 [1.2900-11.5650] 5.9250 [3.5750-7.6950] 0.433

RMSSD (ms) 27.00 [18.00-41.00] 30.00 [23.50-33.25] 0.892

VLF (ms2) 3107.00 [1699.00-8293.50] 3502.50 [2048.75-5562.75] 0.957

LF (ms2) 3387.00 [2002.50-7796.00] 3208.50 [1549.25-3741.25] 0.279
HF (ms2) 1885.00 [895.00-5095.50] 1121.00 [533.25-1933.75] 0.120

TOTAL (ms2) 8511.00 [5563.00-18547.00] 9079.50 [4185.50-10744.00] 0.449

LF/HF 1.862 [1.303-2.532] 2.630 [1.789-3.060] 0.070

Average heart rate (bpm) 75.00 [69.50-82.00] 70.50 [67.25-76.75] 0.104

Table 5: The differences of HRV parameters and average heart rate between patients with severe OSA and controls.

Severe OSA

N = 14

Controls

N = 8

P

SDNN (ms) 122 [101-152] 157 [142-190] 0.037*

pNN50 (%) 4.46 [1.67-12.97] 5.93 [3.70-7.36] 0.539
RMSSD (ms) 27 [20-41] 30 [24-33] 0.838
VLF (ms2) 2823 [1562-5117] 3503 [2257-5011] 0.633
LF (ms2) 2992 [2272-4417] 3209 [1845-3649] 0.785
HF (ms2) 1126 [802-2118] 1121 [668-1918] 0.838
TOTAL (ms2) 6990 [5837-11184] 9080 [4953-10263] 0.838
LF/HF 2.3 [1.7-3.0] 2.6 [1.8-3.0] 0.633
Average heart rate (bpm) 79 [74-83] 71 [68-76] 0.018*

https://doi.org/10.23937/2572-4053.1510030
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HRV variables were evaluated in this study: very low fre-
quency (VLF), low frequency (LF), high frequency (HF), 
total power (TOTAL), low frequency/high frequency (LF/
HF). The HF component reflects the activity of the para-
sympathetic nervous system, while the LF component 
is generally associated with sympathetic activity. How-
ever, the etiology of LF remains questionable as some 
studies suggest it is primarily under sympathetic control 
while others argue that it is the result of sympathetic 
and parasympathetic influences. Finally, the LF/HF ratio 
acts as an index to evaluate the relationship between 
sympathetic and parasympathetic activity (vagal tone), 
but it appears to be markedly influenced by various fac-
tors such as stress, rate and depth of breath [47].

In our survey, in agreement with other studies in the 
literature [49,50], the comparison analysis of the HRV 
indices between the OSA group and that of the controls 
showed a statistically significant difference in the SDNN 
value, which was lower in patients with obstructive ap-
nea; moreover, this parameter was similarly reduced in 
patients with severe OSA when compared with controls, 
associated, in this case, also with a significant increase 
in the average heart rate value, likely expression of a 
prevalence of activity sympathetic nervous system over 
the parasympathetic one.

From previous evidence, the SDNN parameter has 
been shown to have a predictive value for mortality [37]. 
Kleiger, et al. [51], in fact, demonstrated that, following 
a myocardial infarction, the reduction of the SDNN, the 
ectopic ventricular activity and the reduction of left ven-
tricular ejection fraction are associated with an increase 
in the mortality rate. Similar results were provided by 
another study, in which sympathetic-parasympathetic 
imbalance, expressed by reduced HRV (SDNN < 70 ms), 
was found to be a significant predictor of total cardiac 
mortality [52].

Conclusions
In conclusion, the data emerging from our study con-

verge with those reported in the literature in confirming 
the presence of an increased risk of cardiac arrhythmias 
in OSA.

Obstructive sleep apneas, through pathophysiolog-
ical mechanisms still not fully understood, are capable 
of causing alterations in autonomic cardiac activity and 
these could be implicated in the genesis and/or progres-
sion of associated cardiovascular diseases.

The HRV analysis represents a valid and non-invasive 
method for detecting such changes and it is conceivable 
that it can be used for the screening of OSA which, to 
date, is a very widespread but still largely underdiag-
nosed pathology.
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