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Article 

Acute Effect of Positive Airway Pressure on Heart 
Rate Variability in Obstructive Sleep Apnea 
Ji Hye Shin, Min Ji Song and Ji Hyun Kim * 

Department of Neurology, Korea University Guro Hospital, Korea University College of Medicine,  
Seoul, South Korea; snjih@naver.com (J.H.S.); songminji1034@gmail.com (M.J.S.) 

* Correspondence: jhkim.merrf@gmail.com; Tel.: +82-2-2626-3171 

Abstract: Autonomic dysregulation is associated with cardiovascular consequences in obstructive sleep apnea 
(OSA). This study aimed to investigate the effect of acute continuous positive airway pressure (CPAP) treatment 
on autonomic activity and to identify factors contributing to the heart rate variability (HRV) changes in OSA. 
Frequency domain HRV parameters were calculated and compared between the baseline polysomnography and 
during the CPAP titration in 402 patients with moderate to severe OSA. There were significant reductions in 
total power, very low-frequency band power, low-frequency band power, and high-frequency band power 
during the CPAP titration as compared to the baseline polysomnography. This tendency was more pronounced 
in men than in women, and in patients with severe OSA than those with moderate OSA. Multivariate analysis 
found that changes in apnea-hypopnea index and oxygen saturation were significantly associated with changes 
in sympathetic and parasympathetic activity, respectively. This study demonstrated that HRV parameters 
significantly changed during the CPAP titration, indicating a beneficial effect of CPAP in restoration of 
sympathetic and parasympathetic hyperactivity in OSA. Prospective longitudinal studies should determine 
whether long-term CPAP treatment aids in maintaining the long-lasting improvement of the autonomic 
functions, thereby contributing to the prevention of cardiovascular and cerebrovascular diseases in patients with 
OSA. 

Keywords: Obstructive sleep apnea; heart rate variability; continuous positive airway pressure 
 

1. Introduction 

Recent epidemiological studies have indicated that obstructive sleep apnea (OSA) is an 
independent risk factor for stroke, hypertension, atrial fibrillation, coronary artery disease, heart 
failure, and sudden cardiac death [1–3]. The exact mechanism underlying this link is not fully 
elucidated; however, recent studies have shown that OSA patients frequently exhibit excessive 
activation of the sympathetic nervous system, suggesting a role of disturbed cardiac autonomic 
regulation in the development of cardiovascular and cerebrovascular diseases [4–6]. Frequent 
respiratory events during sleep, including intermittent hypoxemia, hypercapnia, intrathoracic 
pressure change, and recurrent arousals, alter the sympathovagal balance toward sympathetic 
hyperactivity [7,8]. Meanwhile, the impact of OSA on parasympathetic modulation during sleep 
remains controversial [9].  

It has been proposed that both sympathetic and parasympathetic systems are physiologically 
co-activated in individuals with OSA [10]. The interaction between these two systems in relation to 
the heart may not always follow a reciprocal pattern [11]. A decrease in arterial partial pressure of 
oxygen or an increase in arterial partial pressure of carbon dioxide may lead to simultaneous 
activation of sympathetic and parasympathetic activities, which disrupts the reciprocal interaction 
between the two activities [11]. Respiratory collapse, hypoxia, and recurrent arousals could lead to 
parasympathetic hyperactivity during apneic events, followed by sympathetic hyperactivity in 
patients with OSA. The initial stage of apneic events, characterized by resistive breathing without 
accompanying hypoxemia, may exhibit heightened parasympathetic tone [12]. Increased inspiratory 
effort gives rise to a reduction in parasympathetic tone and an elevation in sympathetic tone at the 
termination of apnea [13].   
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Heart rate is regulated by sympathetic and parasympathetic activities, and heart rate variability 
(HRV) serves as a simple and useful method for assessing cardiac autonomic functions [14,15]. 
Previous studies analyzing HRV have shown alterations in sympathetic or parasympathetic activity 
in patients with OSA [16–24]. Both low-frequency power (LF) and LF-to-high-frequency power (HF) 
ratio consistently increased in OSA patients compared to healthy controls, pointing to a shift in the 
sympathovagal balance toward sympathetic hyperactivity [17,19–23,25–29]. Meanwhile, other 
studies have yielded somewhat inconsistent findings with regard to HF, an HRV parameter reflecting 
parasympathetic activity: decreased HF [10,22,23,26–34] or increased HF [17,35–37] in OSA patients 
when compared to controls. 

There is mounting evidence that continuous positive airway pressure (CPAP) treatment 
improves HRV in patients with OSA [29,34,38–44]. A significant decrease in sympathetic 
hyperactivity, as assessed by HRV, was demonstrated both on the first night of CPAP titration 
[34,41,43] and after long-term CPAP treatment [29,34,39,44]. In contrast, the effect of CPAP treatment 
on parasympathetic activity has yielded inconsistent results across the studies [29,34,38–40,42,43,45–
47]. 

The present study aimed 1) to determine whether acute CPAP treatment can modify HRV 
alterations and restore abnormal sympathetic and parasympathetic activity, and 2) to identify 
independent factors affecting HRV alterations while controlling for potential confounding factors. 
We hypothesize that not only LF reflecting sympathetic activity but also HF reflecting 
parasympathetic activity is decreased during acute CPAP treatment by way of correcting hypoxemia 
in patients with OSA. 

2. Materials and Methods 

2.1. Study population 

We retrospectively studied 548 patients with moderate to severe OSA who underwent overnight 
polysomnography (PSG) and consecutive PSG for CPAP titration at the sleep center of Korea 
University Guro Hospital between 2011 to 2022. Patients with a history of stroke, myocardial 
infarction, atrial fibrillation, angina pectoris, and hyperthyroidism were excluded. Patients with other 
sleep disorders that can influence the autonomic function, such as rapid eye movement (REM) sleep 
behavior disorder, restless legs syndrome, and narcolepsy [48], were further excluded from the 
analysis. All patients included in the final analysis did not take any anticholinergic (e.g., atropine, 
benztropine, trihexyphenidyl), sympathomimetic (e.g., epinephrine, phenylephrine, isoproterenol, 
salbutamol) or parasympathomimetic (e.g., bethanechol, pilocarpine) medications. All patients 
completed the Pittsburgh Sleep Quality Index, Epworth Sleepiness Scale, and SF-36 quality of life 
questionnaires. 

2.2. Polysomnography 

An overnight PSG recording was conducted using Embla N7000 system (Natus Medical Inc., 
Pleasanton, CA, USA). Electroencephalography was recorded using four pairs of leads (C4-A1, C3-
A2, O2-A1, and O1-A2) with two pairs of electro-oculographic leads. Electromyographic leads were 
attached to the tibialis anterior and submentalis muscles. Airflow was continuously monitored using 
a thermistor and a nasal pressure cannula, and arterial oxygen saturation was measured via a pulse 
oximeter. Respiratory motions were tracked with the use of inductive plethysmographic belts 
wrapped tightly around both the abdomen and chest. 

Sleep stages and events were evaluated and scored based on the guidelines established by the 
American Academy of Sleep Medicine [49]. The parameters related to sleep architecture were the 
following: total sleep time, time spent in bed, sleep latency, wake after sleep onset, stage 1 sleep, stage 
2 sleep, slow-wave sleep, REM sleep, sleep efficiency, and arousal. The arousal index (AI) was 
determined as the total number of arousals per hour, calculated by adding the periodic limb 
movement AI, apnea-hypopnea AI, and spontaneous AI. The oxygen desaturation index was 
determined by counting the number of events in which oxygen saturation decreased by 4% or more 
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per hour. Apnea was characterized as a reduction in airflow ≥ 90% of baseline for a minimum 
duration of 10 seconds. Hypopnea was characterized by a reduction in airflow ≥ 30% of baseline for 
a minimum duration of 10 seconds, accompanied by either an arousal or a 3% decrease in oxygen 
saturation [49]. The apnea-hypopnea index (AHI) was determined by the number of apnea-hypopnea 
events per hour of recorded sleep time. Patients were classified into mild OSA (5 ≤ AHI < 15), 
moderate OSA (15 ≤ AHI < 30), and severe OSA (AHI ≥ 30) groups.  

2.3. Heart rate variability 

The electrocardiography data retrieved from the whole overnight PSG recording were visually 
inspected for quality and reliability, and then used for HRV analysis. Artefacts and ectopic beats were 
automatically removed, and only normal-to-normal beats were chosen for HRV analysis [50]. The 
assessment of HRV comprises time domain and frequency domain analyses. The time domain HRV 
parameters quantify the amount of variability in beat-to-beat intervals, and are influenced by both 
sympathetic and parasympathetic activities. Consequently, these parameters cannot differentiate the 
specific roles of sympathetic and parasympathetic activities in autonomic nervous system functions 
[14]. The frequency domain HRV parameters are measured by using the fast Fourier transform and 
classified into different frequency ranges with associated spectral powers. This process offers 
information regarding specific alterations in sympathetic and parasympathetic activity [14]. We 
focused on the frequency domain parameters to better evaluate autonomic function changes by 
distinguishing between sympathetic and parasympathetic activity. The following parameters were 
calculated for spectral analysis executed in RemLogic software (Version 2.0; Embla Co., Broomfield, 
USA): (1) total power spectrum (TP), (2) high-frequency band power (HF; 0.15–0.40 Hz), (3) low-
frequency band power (LF; 0.04–0.15 Hz), and (4) very low-frequency band power (VLF; 0.0033–0.04 
Hz). HF and LF are generally accepted to reflect parasympathetic activity and baroreflex-mediated 
sympathetic activity, respectively [50]. The LF/HF ratio is recognized as the representative index of 
sympathetic to parasympathetic (sympathovagal) balance with a higher LF/HF indicating 
sympathetic hyperactivity [50]. TP and VLF overall reflect a measure of autonomic function and 
parasympathetic activity, respectively.   

2.4. Statistical analysis 

Descriptive statistics illustrated the baseline characteristics and PSG parameters of the study 
population. Within-group comparisons of HRV parameters changes between the baseline PSG and 
during CPAP titration were made using paired t-test. This analysis was repeated for subgroups 
related to sex (male and female patients) and disease severity (moderate OSA and severe OSA 
patients). Multivariate linear regression analysis was performed to assess significant associations 
between the independent variables (e.g., demographics, changes in PSG variables) and dependent 
variables (changes in frequency domain HRV parameters). The effect of multicollinearity between 
the independent variables was assessed using variance inflation factors. Only variables with variance 
inflation factor < 5 entered into multivariate linear regression analysis as independent variables. 
Statistical significance was set at p < 0.05 in all tests. Statistical analyses were performed with the 
Statistical Package for the Social Sciences software (Version 26.0; IBM Corp., Armonk, New York, 
USA). 

3. Results 

Of 548 patients with moderate to severe OSA, 146 were excluded due to medical history of stroke 
(n = 36), angina pectoris (n = 53), atrial fibrillation (n = 17), REM sleep behavior disorder (n = 21), 
restless legs syndrome (n = 12), and narcolepsy (n = 7). Demographics, clinical characteristics, sleep 
questionnaires, and PSG parameters of the 402 patients (320 males and 82 females, 132 moderate OSA 
and 270 severe OSA) are summarized in Table 1. 
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Table 1. Clinical characteristics of the study population. 

Clinical characteristics 

Male: Female, n (%) 320 (79.6 %): 82 (20.4 %) 

Age, years 52.0 ± 11.8 (range = 16–81)  

BMI (kg/m2) 28.8 ± 4.4 (range = 19–48.9) 

Moderate: Severe OSA, n (%) 132 (32.8 %): 270 (67.2 %) 

Hypertension, n (%) 228 (56.7 %) 

Diabetes mellitus, n (%) 77 (19.2 %) 

Current smoker, n (%) 91 (22.6 %) 

ESS score 8.3 ± 4.6 (range = 0–24) 

PSQI 7.5 ± 4.6 (range = 0–22) 

SF-36 68.2 ± 19.4 (range = 15–98) 

Abbreviations: BMI, body mass index; ESS, Epworth Sleepiness Scale score; PSQI, Pittsburgh Sleep Quality 
Index; SF-36, Medical Outcome Study 36-item short-form health survey, Values are expressed as mean ± 
standard deviation or number (percentage). 

Table 2 summarizes the details of the PSG parameters and HRV parameters of the baseline PSG 
and during the CPAP titration as well as their corresponding statistical results. Waking after sleep 
onset (t = 4.0), N1 sleep (t = 19.2), AHI (t = 39.6), oxygen desaturation index (t = 35.0), and AI (t = 30.6) 
significantly decreased during the CPAP titration when compared to the baseline PSG (all p < 0.001). 
Sleep efficiency (t = –4.0), N2 sleep (t = –7.8), N3 sleep (t = –4.5), REM sleep (t = –7.8), and mean arterial 
oxygen saturation (t = –9.9) significantly increased during the CPAP titration when compared to the 
baseline PSG (all p < 0.001). The following frequency domain HRV parameters significantly decreased 
during the CPAP titration as compared to the baseline PSG: TP (t = 5.5, p < 0.001), VLF (t = 5.5, p < 
0.001), LF (t = 3.0, p = 0.003), and HF (t = 4.2, p < 0.001). There was no significant change in LF/HF ratio 
between the baseline PSG and CPAP titration (p = 0.395).  

Table 2. PSG parameters and frequency domain HRV parameters of the baseline PSG and during the 
CPAP titration. 

PSG parameters 

 Baseline During CPAP p Value 

Total sleep time (min) 349.0 ± 48.8 349.8 ± 46.5 0.737 

Sleep efficiency (%) 84.6 ± 10.7 86.7 ± 10.1 < 0.001 

WASO (min) 53.3 ± 40.9 45.1 ± 38.1 < 0.001 

N1 (min) 127.2 ± 56.3 68.2 ± 33.5 < 0.001 

N2 (min) 126.5 ± 88.7 162.5 ± 45.2 < 0.001 

N3 (min) 11.3 ± 19.2 15.6 ± 23.5 < 0.001 

REM (min) 86.7 ± 33.3 103.5 ± 37.6 < 0.001 

AHI 43.9 ± 22.0 2.6 ± 3.1 < 0.001 

ODI 41.0 ± 22.3 3.5 ± 5.8 < 0.001 

AI 50.7 ± 22.7 15.1 ± 12.4 < 0.001 

Mean SaO2 (%) 93.7 ± 2.5 95.8 ± 1.2 < 0.001 

Frequency domain HRV parameters 

 Baseline During CPAP p Value 

TP (ms2) 39,836 ± 20,001 35,672 ± 17,055 < 0.001 
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VLF (ms2) 21,184 ± 12,586 18,494 ± 10,006 < 0.001 

LF (ms2) 12,472 ± 7,636 11,560 ± 7,157 0.003 

HF (ms2) 5,380 ± 2,917 4,920 ± 2,507 < 0.001 

LF/HF ratio 2.9 ± 2.3 2.8 ± 2.2 0.395 

Abbreviations: AHI, apnea-hypopnea index; AI, arousal index; HF, high-frequency power; LF, low-frequency 
power; ODI, oxygen desaturation index; REM, rapid eye movement; SaO2, mean arterial oxygen saturation; TP, 
total power; VLF, very low-frequency power; WASO, waking after sleep onset. Values are expressed as mean ± 
standard deviations. 

Results of the subgroup analyses related to sex and disease severity are summarized in Table 3. 
In male patients, all frequency domain HRV parameters significantly decreased during the CPAP 
titration compared to the baseline PSG: TP (t = 5.1, p < 0.001), VLF (t = 5.2, p < 0.001), LF (t = 2.8, p = 
0.005), and HF (t = 3.6, p < 0.001). In female patients, TP (t = 2.1, p = 0.039) and HF (t = 2.4, p = 0.018) 
significantly decreased during the CPAP titration compared to the baseline PSG. Different to the male 
patients, VLF and LF did not significantly change during the CPAP titration (both p > 0.05). In patients 
with moderate OSA, HF significantly decreased during the CPAP titration compared to the baseline 
PSG (t = 2.6, p = 0.010), while TP, VLF, LF, and LF/HF ratio did not significantly change (all p > 0.05). 
Patients with severe OSA had significant changes in the following parameters between the baseline 
PSG and during the CPAP titration: TP (t = 5.6, p < 0.001), VLF (t = 5.4, p < 0.001), LF (t = 3.7, p < 0.001), 
and HF (t = 3.3, p = 0.001).  

Table 3. Results of the subgroup analysis related to sex and disease severity of changes in frequency 
domain HRV parameters between the baseline PSG and during the CPAP titration. 

Frequency domain HRV parameters 

 Male (n = 320) Female (n = 82) 

 Baseline During CPAP p Value Baseline During CPAP p Value 

TP (ms2) 42,847 ± 20,249 38,191 ± 17,164 < 0.001 28,088 ± 13,788 25,843 ± 12,524 0.039 

VLF (ms2) 22,987 ± 12,866 19,914 ± 10,050 < 0.001 14,147 ± 8,327 12,953 ± 7,674 0.068 

LF (ms2) 13,581 ± 7,722 12,559 ± 7,312 0.005 8,140 ± 5,474 7,658 ± 4,866 0.317 

HF (ms2) 5,478 ± 2,937 5,033 ± 2,601 < 0.001 4,996 ± 2,824 4,482 ± 2,059 0.018 

LF/HF ratio 3.1 ± 2.4 3.0 ± 2.3 0.545 2.1 ± 2.1 2.0 ± 1.4 0.396 

 Moderate OSA (n = 132) Severe OSA (n = 270) 

 Baseline During CPAP p Value Baseline During CPAP p Value 

TP (ms2) 36,916 ± 17,479 35,765 ± 16,710 0.271 41,264 ± 21,007 35,626 ± 17,252 < 0.001 

VLF (ms2) 18,987 ± 10,003 18,127 ± 9,143 0.149 22,258 ± 13,561 18,673 ± 10,414 < 0.001 

LF (ms2) 11,524 ± 7,296 11,775 ± 7,646 0.563 12,935 ± 7,768 11,454 ± 6,918 < 0.001 

HF (ms2) 5,674 ± 2,967 5,191 ± 2,669 0.010 5,236 ± 2,887 4,788 ± 2,418 0.001 

LF/HF ratio 2.4 ± 2.0 2.7 ± 2.5 0.082 3.1 ± 2.5 2.8 ± 2.0 0.073 

Abbreviations. HF, high-frequency power; LF, low-frequency power; TP, total power; VLF, very low-frequency 
power. Values are expressed as mean ± standard deviations. 

Table 4 summarizes the results of multivariate linear regression analysis for significant 
associations between the independent variables and changes in frequency domain HRV parameters. 
Changes in TP significantly correlated with changes in AHI (t = 2.2, p = 0.025) and BMI (t = 2.0, p = 
0.042). Changes in VLF significantly correlated with changes in AHI (t = 2.3, p = 0.024) and age (t = 
2.3, p = 0.024). Changes in LF significantly correlated with changes in AHI (t = 2.0, p = 0.044) and BMI 
(t = 2.8, p = 0.006). Changes in HF significantly correlated with changes in mean arterial oxygen 
saturation (t = 5.0, p < 0.001) and age (t = –2.2, p = 0.032). 
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Table 4. Results of multivariate linear regression analysis for variables associated with changes in 
HRV parameters. 

Multivariate linear regression analysis 

Independent variables ∆ VLF ∆ LF ∆HF ∆TP 

Age 0.129* 0.052 –0.119* 0.086 

Sex –0.078  –0.015  0.007 –0.056 

BMI 0.061 0.150** 0.084 0.112* 

∆ AHI 0.188* 0.166* –0.025  0.186* 

∆ AI –0.070  –0.047  –0.038  –0.069  

∆ mean SaO2 –0.021  –0.038  0.312*** 0.013 

Abbreviations. AHI, apnea hypopnea index; AI, arousal index; BMI, body mass index; HF, high-frequency 
power; LF, low-frequency power; SaO2, arterial oxygen saturation; TP, total power; VLF, very low-frequency 
power; ∆, the average amount of change. Values are expressed as standardized beta coefficients; *p < 0.05, **p < 
0.01, ***p < 0.001.  

4. Discussion 

In the present study, we aimed to determine whether acute CPAP treatment can improve HRV 
in patients with moderate to severe OSA. The main findings are that HRV parameters significantly 
changed during the CPAP titration, indicating an important role of CPAP treatment in restoration of 
sympathetic and parasympathetic hyperactivity in patients with OSA. This tendency was more 
pronounced in men than in women, and in patients with severe OSA compared to those with 
moderate OSA. Multivariate linear regression analysis found that changes in AHI and mean arterial 
oxygen saturation are significantly associated with changes in sympathetic and parasympathetic 
activity, respectively. 

Previous studies have examined the effect of CPAP on sympathetic hyperactivity in OSA 
patients, and repeatedly demonstrated a significant reduction in LF during both acute CPAP 
treatment [34,41,43] and long-term CPAP treatment [29,34,39]. In a prospective longitudinal study, 
HRV was analyzed during the first night of CPAP treatment and after 2 years of CPAP treatment in 
30 patients with moderate to severe OSA [34]. Both acute and long-term CPAP treatment decreased 
the LF during non-REM and REM sleep, indicating a beneficial role of CPAP treatment on 
sympathetic hyperactivity in OSA [34]. A meta-analysis including 11 studies found a significant 
decrease in LF in OSA patients receiving CPAP treatment for a duration ranging from 1 month to 
over 12 months, suggesting that long-term CPAP treatment potentially improves cardiac autonomic 
function [51]. Another meta-analysis including 17 studies found a tendency toward a small decrease 
in sympathetic measures of HRV with various treatments for OSA [9]. Heterogeneity in HRV 
measures (LF, normalized LF, and LF/HF ratio) and treatment modalities (e.g., CPAP, mandibular 
advancement device, and oral jaw-positioning appliance) may introduce potential confounding 
factors in the results. In line with the aforementioned studies, our large-scale study demonstrated a 
significant reduction in LF during acute CPAP treatment compared to the baseline. This trend of 
significantly reduced LF was more pronounced in men than in women, and in patients with severe 
OSA compared to those with moderate OSA. Similar to our study, 16 patients with severe OSA 
showed a significant reduction in LF during acute CPAP treatment in both REM and non-REM sleep, 
while 14 patients with moderate OSA did not [34], implying that the increased OSA severity may 
lead to a heightened effectiveness of acute CPAP treatment in restoring normal sympathetic activity. 
Taken together, CPAP treatment may have the potential to improve sympathetic hyperactivity 
observed in patients with OSA. However, the finding of reduced LF following CPAP treatment was 
not replicated in previous studies investigating the same paradigm. No statistically significant change 
in LF was observed in moderate to severe OSA patients receiving 3 months CPAP treatment [45,47]. 

It is generally considered that CPAP treatment decreases sympathetic activity while increasing 
parasympathetic activity, exhibiting opposing yet complementary effects on these two activities. The 
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impact of CPAP treatment on parasympathetic activity has also been examined in OSA, with 
inconsistent results across the studies. Several currently available studies have reported a significant 
increase in HF (i.e., increased parasympathetic activity) during both acute CPAP treatment [34,43] 
and long-term CPAP treatment [29,34,40,42]. However, no significant change in HF was found in 
moderate to severe OSA patients receiving 3 months CPAP treatment, compared to the baseline 
[45,46]. There was no overall change in parasympathetic measures of HRV following CPAP treatment 
in a meta-analysis including 19 studies [9]. This discrepancy warrants the need for a prospective 
longitudinal study to further investigate the issue of HF alteration with CPAP treatment. 

The sympathetic nervous system is known as the "fight or flight" system associated with high 
arousal and activity, while the parasympathetic nervous system is regarded as the "rest and digest" 
system linked to relaxation and recovery [52]. Sympathetic and parasympathetic activities appear to 
have contrasting and reciprocal roles, implying that when one activity increases, the other activity 
typically decreases. Meanwhile, mild hypoxia causes a co-activation of both cardiac sympathetic and 
vagal nerve activities [11,53]. Upper airway obstruction observed in OSA patients may increase 
parasympathetic activity and, in turn, cause hypoxia, resulting in an abrupt increase in sympathetic 
activity [12,44]. In the healthy population, it is well documented that increased parasympathetic 
activity and decreased sympathetic activity are typically observed during non-REM sleep, whereas 
the opposite occurs during REM sleep [54–58]. Patients with OSA exhibit a similar pattern, while they 
tend to show more pronounced parasympathetic activity during sleep [36,44,59]. Moderate to severe 
OSA patients showed greater parasympathetic activation during non-REM sleep compared to mild 
OSA patients and non-OSA controls, indicating a positive association between apnea severity and 
parasympathetic activity [60]. An increase in parasympathetic activity may be linked to an increase 
in hydraulic pressure [60], which could be initiated by the carotid aortic chemoreceptor in response 
to hypoxemia [61,62]. Patients with OSA displayed a noteworthy decrease in HF with CPAP 
treatment compared to their baseline measurements [38,41,63]. Our finding of a significant decrease 
in HF during CPAP titration in moderate to severe OSA patients accords well with those of previous 
studies, suggesting that CPAP treatment may improve HRV by way of reducing not only sympathetic 
activity but also parasympathetic activity.  

It is widely recognized that OSA is linked to an increased incidence of cardiovascular and 
cerebrovascular diseases [64,65]. Previous studies provided compelling evidence that untreated 
moderate to severe OSA in patients with established coronary disease [66–68] and heart failure [69] 
is associated with increased cardiovascular and cerebrovascular morbidity and mortality. Data from 
small-scale trials provide evidence that treatment of OSA with CPAP improves cardiovascular 
outcomes such as lowering blood pressure and reducing incidence of repeat revascularization, 
myocardial infarction, and stroke [64,70,71]. A long-term observational study clearly demonstrated 
that the incidence of fatal and non-fatal cardiovascular and cerebrovascular events in untreated 
patients with severe OSA is significantly higher than that in untreated mild-moderate OSA patients 
and in healthy participants who were individually matched for BMI and age [65]. Notably, treatment 
with CPAP significantly reduced cardiovascular and cerebrovascular risks in patients with severe 
OSA, and this reduction was not significantly different from that observed in healthy participants 
[65]. It is previously assumed that long-term CPAP treatment partially reduces sympathetic 
hyperactivity and restores the impaired sympathovagal balance in OSA patients [72,73], which may 
be one of the potential mechanisms in preventing the development of cardiovascular diseases [74,75]. 
Our finding that acute CPAP treatment reduced both sympathetic and parasympathetic activity 
provides a theoretical framework supporting the notion that CPAP treatment may contribute to the 
reduction of cardiovascular and cerebrovascular diseases.  

This study has several strengths. First, a substantial number of patients were enrolled, ensuring 
statistical reliability due to the large sample size. Second, we utilized multivariate linear regression 
analysis to identify the variables associated with the observed HRV differences. Changes in LF were 
closely related to changes in AHI, suggesting that AHI is an important contributing factor for changes 
in sympathetic activity induced by CPAP treatment in OSA. We also found a significant correlation 
between changes in HF and changes in mean arterial oxygen saturation, implying that hypoxia, 
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independent of apnea, is associated with alterations in parasympathetic activity. This study has also 
several potential limitations that should be addressed. First, the inclusion of patients who were 
referred to a university-affiliated hospital may introduce a selection bias, limiting the generalizability 
of the findings to the entire OSA population. Second, we did not exclude patients with comorbidities 
that may affect autonomic functions, such as hypertension [76], diabetes mellitus [77], or obesity [78]. 
Nevertheless, a within-subject design employed in this study can help mitigate the influence of 
comorbidity issue on autonomic measurements. Third, HRV alterations observed during the CPAP 
titration may result from changes in venous return secondary to the substantial intrathoracic pressure 
fluctuations during the apneic events rather than the changes in cardiovascular control mechanisms. 
Thus, the influence of CPAP treatment on autonomic alterations in OSA patients may be better 
assessed by comparing baseline HRV parameters with those obtained after several weeks of CPAP 
treatment, rather than those obtained during acute CPAP treatment. Last, technical limitations in 
HRV analysis may arise from the use of HRV data obtained from the entire overnight PSG recording 
without excluding arousals and apneas, which can alter HRV parameters. 

5. Conclusions 

In conclusion, we have shown that acute CPAP treatment restores sympathetic and 
parasympathetic hyperactivity, suggesting a beneficial effect of CPAP on autonomic functions in 
patients with moderate to severe OSA. Given the close relationship between autonomic alterations 
and increased risks of cardiovascular and cerebrovascular diseases in OSA, prospective longitudinal 
studies are warranted to determine whether long-term CPAP treatment aids in maintaining the 
longstanding improvement of the autonomic functions, thereby contributing to the prevention of 
such consequences. 
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