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Background: Obstructive sleep apnea (OSA) is a potential risk factor in cardiovascular diseases, including arrhythmia, coronary artery disease, and heart failure (HF). Continuous positive airway pressure (CPAP) therapy is an effective therapy for OSA and the underlying HF, partly through a 5–9% increase in the left ventricular ejection fraction (LVEF). However, the data on the factors associated with the efficacy of CPAP on LVEF in patients with HF complicated by OSA are scarce. This study aimed to investigate whether LVEF improves in patients with OSA and HF after 1 month of CPAP therapy, and to clarify which factors are associated with the degree of LVEF improvement.

Method: This was a prospective, single-arm, open-label study. We enrolled moderate-to-severe patients with OSA and HF who were being followed up at the cardiovascular center of Toranomon Hospital (Tokyo, Japan). The parameters of sleep study and LVEF were assessed at the baseline and after 1 month of CPAP. The multivariate regression analyses, with changes in LVEF as a dependent variable, were performed to determine the factors that were associated with the degree of LVEF improvement.

Results: We analyzed 55 consecutive patients with OSA and HF (mean age: 60.7 ± 12.2 years, mean LVEF value: 37.2 ± 9.8%). One month of CPAP treatment decreased the apnea-hypopnea index (AHI) from 45.3 ± 16.1 to 5.4 ± 4.1 per hour, and the LVEF improved from 37.2 ± 9.8 to 43.2 ± 11.7%. The multivariate regression analyses demonstrated that age and body mass index (BMI) were significant determinants of LVEF improvement.

Conclusion: The LVEF improved significantly after 1 month of CPAP therapy in Japanese patients with OSA and HF. Multivariate regression analyses indicated that an improvement in LVEF was likely to be observed in young patients with obesity.
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INTRODUCTION

The aging of the population and prolongation of the lives of patients with cardiovascular disease due to improvements in therapy have resulted in an increased incidence of HF (1). Despite advances in both pharmacologic and non-pharmacologic therapies, the mortality and the rate of repeat hospitalization due to exacerbation of HF remain high (2, 3). Therefore, further treatment strategies targeting conditions with potential HF risk are needed.

Obstructive sleep apnea (OSA), one of the most prevalent sleep-disordered breathing characterized by repeated episodes of upper airway obstruction during sleep, consequent chronic intermittent hypoxia, and sleep fragmentation, has been recognized as a potential risk factor in the development of cardiovascular diseases (4–6). The Sleep Heart Health Study showed an adjusted hazard ratio for incident HF of 1.58 for men with AHI of ≥30 compared with those with AHI of <5 (7). The prevalence of OSA in HF populations is reportedly high (4, 8, 9). An observational study reported a negative prognostic impact of untreated OSA in patients with HF (10).

Based on the results of clinical studies, CPAP therapy has been demonstrated as an effective therapy for OSA and the underlying HF (10, 11) through an increase in the LVEF (12, 13). The degree of improvement in LVEF varied from 5 to 9% in these studies (12, 13). However, no study has investigated the efficacy of CPAP for OSA and underlying HF among the Japanese population. Moreover, it is unclear which factors are associated with the degree of LVEF improvement by CPAP therapy. This study aimed to investigate whether LVEF in Japanese patients with OSA and HF improved after 1 month of CPAP therapy and to clarify which factors are associated with the degree of LVEF improvement.



METHODS


Trial Design, Population, and Study Period

We enrolled patients who were being followed up at the cardiovascular center in Toranomon Hospital (Tokyo, Japan) between January 1, 2001 and March 1, 2005, if they met the following inclusion criteria: (1) the presence of symptomatic HF with reduced LVEF, which was defined as an LVEF of <50% on echocardiography (14) within 1 month before the diagnostic sleep study, and with New York Heart Association (NYHA) Class II or above; (2) stable clinical status, defined as the absence of hospital admissions and obtainment of optimal medical therapy for at least 1 month before enrollment in the study; (3) having a diagnosis of moderate-to-severe sleep apnea from a sleep study, which was defined as ≥ 15 apnea or hypopnea events per hour of sleep (i.e., AHI); and (4) good adherence to CPAP (night usage of ≥ 4 h on 70% of the days during CPAP therapy) (15) during the initial month. The exclusion criteria were as follows: (1) age <20 or > 80 years, (2) the presence of known untreated neoplasms, (3) a history of stroke with neurologic deficit, and (4) a history of severe chronic pulmonary disease. Informed consent was obtained from all the patients who participated in the study. The study was conducted in compliance with the Declaration of Helsinki and in accordance with the ethics policies of the institutions involved.



Sleep Study and CPAP

All patients were diagnosed with sleep apnea based on the results of overnight polysomnography (PSG) using a digital polygraph (SomnoStarα Sleep System; SensorMedics Corp.; Yorba Linda, CA, USA) at our sleep laboratory. We used the definitions and scoring methods for sleep apnea (16, 17). We defined patients with predominantly central sleep apnea as having an AHI of ≥15 events/h of sleep, of which > 50% were central events. These patients were excluded from further analyses. The remaining patients who were diagnosed with moderate-to-severe OSA received CPAP therapy. The CPAP was titrated manually during a second overnight sleep study to determine the appropriate pressure level for each patient. Thereafter, a CPAP therapy without supplemental oxygen was initiated for the patients. The patients were instructed to use the device while sleeping at home.



Measurements

Body mass index (BMI), systolic and diastolic blood pressure (BP), heart rate (HR), and subjective sleepiness assessed by the Epworth Sleepiness Scale (ESS) (18) were assessed at the baseline and 1 month later. Left ventricular systolic function was expressed as LVEF, and the plasma norepinephrine level and NYHA functional classes were evaluated at the baseline and 1 month later. The LVEF was measured by echocardiography using the modified Simpson's rule, and blood samples were obtained early in the morning after the sleep study.



Statistical Analysis

All variables are shown as mean ± SD. The comparison between parameters in diagnostic PSG and CPAP was performed using a two-tailed paired t-test. Changes in cardiac function were assessed using a two-tailed paired t-test. Univariate regression analyses were performed to determine which factors were associated with the degree of LVEF improvement, in which changes in LVEF were included as a dependent variable. The variables included in the univariate analyses were included in a stepwise multivariate regression analysis. Statistical significance was set at p < 0.05. Statistical analyses were performed using the statistical package for social sciences (SPSS) (SPSS Inc., Chicago, IL, USA).




RESULTS

We analyzed 55 consecutive patients with HF and reduced LVEF. The baseline patient characteristics are shown in Table 1. The proportion of men was 94.5%. The mean age was 60.7 ± 12.2 years, and the mean BMI was 27.4 ± 5.4 kg/m (2). The mean LVEF was 37.2 ± 9.8%. The data of the sleep study on diagnosis and CPAP are shown in Table 2. The data on CPAP demonstrated considerable improvements in sleep apnea and sleep quality, which were expressed as sleep stages, percentage of slow-wave sleep, and rapid eye movement (REM) sleep. The CPAP therapy decreased AHI, as well as the arousal index from 45.3 ± 16.1 to 5.4 ± 4.1 per hour and 43.9 ± 19.6 to 15.7 ± 10.3 per hour, respectively. The LVEF improved from 37.2 ± 9.8 to 43.2 ± 11.7% after 1 month of CPAP treatment (Figure 1). Significant decreases in systolic and diastolic BP and HR (Figures 2A–C) after treatment were noted. The serum norepinephrine concentration decreased, and the ESS improved significantly after the treatment, while no significant changes were observed in BMI (Figures 3A–C).


Table 1. Patients' characteristics.
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Table 2. Data of sleep study.
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FIGURE 1. Left ventricular ejection fraction (LVEF) improved from 37.2 to 43.2%, with a statistical significance after 1 month of CPAP treatment.
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FIGURE 2. (A,B) Significant decrease in systolic and diastolic blood pressures (BP) as well as heart rate (C) after 1 month of continuous positive airway pressure (CPAP) treatment.



[image: Figure 3]
FIGURE 3. Serum norepinephrine concentration levels (A) decreased, and Epworth Sleepiness Scale (B) improved after 1 month of CPAP treatment, while no significant change in BMI (C) was observed.


Univariate regression analysis showed that age, BMI, atrial fibrillation, lowest SpO2, and pressure levels of CPAP were significantly associated with improvements in LVEF (Table 3), whereas the changes in variables after CPAP therapy, including BMI, BP, HR, norepinephrine concentration, and ESS, were not associated (Table 4). After adjusting for confounding variables, the age and BMI remained significant determinants of LVEF improvement (Table 5).


Table 3. Univariate regression analysis for baseline variables associated with the improvement of LVEF.
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Table 4. The association of change of the variables and LVEF improvement.
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Table 5. Multiple regression analysis for identify variables associated with LVEF improvement.
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DISCUSSION

In this study, 1-month CPAP treatment for OSA significantly increased LVEF improvements in Japanese patients with HF complicated by OSA. The degree of improvement in the LVEF was 6% in this population. Multivariate regression analyses showed that age and BMI were determinants of LVEF improvement.

Previous studies have shown that the degree of LVEF improvement by CPAP therapy varies from 5 to 9% (12, 13), which is consistent with our results. Kaneko et al. (12) examined the effects of CPAP on cardiac function in patients with reduced LVEF and OSA. They reported that CPAP therapy improved OSA, reduced daytime systolic BP and HR, and increased LVEF by 9%.

To date, several underlying mechanisms of how CPAP improves LVEF have been described. First, the obstructive apnea due to upper airway obstruction activates the sympathetic nervous system in patients with HF via hypoxia, hypercapnia, decreased cardiac output, and arousal from sleep (19, 20). Additionally, the acute arousal from sleep evokes sympathetic activation and BP elevation, which are carried over into the daytime (21–23). The treatment of OSA with CPAP therapy lowers sympathetic nervous overactivation, resulting in decreased BP and HR (23). The mechanisms of these effects remain uncertain but may be related to the adaptation of chemoreceptor reflexes or central processes governing autonomic outflow. Second, the respiratory efforts during obstructive apnea decrease the intrathoracic pressure, leading to increased left ventricular transmural pressure, left ventricular afterload, and cardiac metabolic demand (24, 25). Furthermore, augmentation of venous return to the right ventricle results in a leftward septal shift and reduced left ventricular preload and stroke volume (26). The CPAP therapy for exaggerated intrathoracic negative pressure may decrease left ventricular transmural pressure and left ventricular afterload, potentially counteracting or minimizing the effects of respiratory efforts during obstructive apnea on left ventricular systolic function (27–29). Meanwhile, the CPAP therapy increases intrathoracic pressure, which decreases systemic venous return, while positive pressure ventilation increases pulmonary vascular resistance and right ventricular afterload, thus, reducing the right ventricular stroke volume (30, 31), left ventricular preload, and stroke volume (32–35). These ambivalent effects of CPAP on hemodynamics may depend on an individual's specific preload and afterload states (30).

To date, the factors associated with LVEF improvement remain unknown. The novelty of our study is that we demonstrated age and BMI as determinants of LVEF improvement by CPAP. The LVEF was more likely to improve in young patients with obesity after 1 month of CPAP therapy.

Several speculations can be made regarding the mechanisms of these results. In patients with obesity, the pharyngeal fat deposition facilitates upper airway narrowing and collapses by increasing the external peripharyngeal soft tissue pressure. In addition, fat deposition to the chest wall leads to a reduction in compliance and an increase in airway resistance (36–38). An improvement in exaggerated negative intrathoracic pressure by CPAP is speculated to have a positive effect on hemodynamics more in patients with obesity, which may partly explain our finding that LVEF was more likely to improve in patients with obesity. Age is a determinant of the prognosis of HF, as shown in previous reports (3, 39–41). Advancing age is accompanied by the loss of cardiomyocytes via apoptosis and necrosis (42–44) and decreased responses to both sympathetic and parasympathetic antagonists (45). Based on these data, the elderly patients with HF might be less likely to show LVEF improvement with CPAP therapy for OSA.


Limitations

This was a single-center, non-randomized study with a relatively small study population. Our data should be interpreted carefully, and further studies with larger populations are required to confirm our data. Another limitation is that one of the inclusion criteria was good adherence to CPAP therapy. Therefore, our results may not be generalizable. Regarding the lowest SpO2 on CPAP therapy of 87.4%, the residual hypoxia may affect the changes in LVEF, although detailed data of the sleep study on CPAP were unavailable. The LVEF measurement might be inaccurate in patients with atrial fibrillation, which may have affected the results of changes in LVEF, although LVEF was measured with a conventional averaging of three beats. In addition, we could not demonstrate an association between obesity and intrathoracic negative pressure because the intrathoracic pressure in the study population was not measured.




CONCLUSIONS

Among patients with OSA and HF, the LVEF significantly improved after 1 month of CPAP therapy. The degree of LVEF improvement was significantly associated with age, BMI, atrial fibrillation, the severity of hypoxia, and the treatment pressure level of CPAP. After adjustment for baseline variables and changes in variables at 1 month, the LVEF was more likely to be improved in young patients with obesity.
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