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In order to explore the characteristics and treatment status of obstructive sleep apnea (OSA) patients with hypertension, a retrospective study was conducted on 306 patients admitted from October 2018 to December 2019. According to the apnea hypopnea index (AHI), OSA patients with hypertension were divided into three groups. 69 cases were mild OSA (5 ≤ AHI < 15), 86 cases were moderate (15 ≤ AHI < 30), and 151 cases were severe (AHI ≥ 30). Compared with patients in the mild and moderate groups, the severe group had more male patients, with higher body mass index (BMI) and non-rapid eye movement stage 1 accounted for total sleep time (N1%), and lower non-rapid eye movement stage 2 accounted for total sleep time (N2%), average and minimum blood oxygen. Among all the patients, those who underwent the titration test accounted for 20.6% (63/306). Multivariate analysis showed that sleep efficiency (p < 0.001) and AHI (p < 0.001) were independent factors for patients to accept titration test. OSA patients with hypertension had a low acceptance of titration therapy. These people with higher sleep efficiency and AHI were more likely to receive autotitration.
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INTRODUCTION

Sleep apnea hypopnea syndrome has a strong correlation with hypertension. Studies have found that more than 20% of hypertension patients have obstructive sleep apnea (OSA), and the prevalence of hypertension in OSA patients exceeds 50% (1–3). Hypertension patients with OSA are mostly refractory, and the effect of antihypertensive drugs alone is not good, and there is no effective evidence to prove that antihypertensive drugs can affect the severity of OSA patients. Therefore, such patients need to apply continuous positive airway pressure (CPAP) at the same time (4–6). Meta-analysis and randomized controlled trials have shown that CPAP can lower the blood pressure of OSA patients by about 2 mmHg. Although the effect of lowering blood pressure is relatively mild, it can still have a beneficial effect on the prognosis of cardiovascular disease outcomes (7–11). For adult patients with OSA and hypertension, the benefits of using CPAP therapy may outweigh the potential harm and burden caused by no intervention (12).

CPAP is usually set at a fixed pressure to prevent the upper airway from collapsing. The reference standard for determining the fixed pressure is the nocturnal CPAP titration study with polysomnography (PSG) monitoring in the sleep laboratory. In the past, manual titration was often used, but this method was time-consuming and expensive (13). A new type of automatic positive airway pressure (APAP) device can automatically adjust the pressure according to the physiological signals measured by the instrument. This method can reduce costs and improve the availability of treatment (14). Compared with the traditional CPAP titration method, OSA patients who took the APAP titration clinical pathway have the same or even better compliance with CPAP treatment (15, 16).

However, the reception and use of CPAP therapy is not ideal. Only 27.9% of OSA patients who had been prescribed CPAP received the treatment (17). The acceptance rate for elderly patients is 31.5% (18) and that of moderate to severe patients is 57.8% (19). Therefore, the acceptance and compliance of CPAP treatment has become a key issue for this group of people. At present, research on subjects such as OSA patients combined with hypertension in China is still very limited.

This study retrospectively analyzed 306 OSA patients with hypertension from October 2018 to December 2019. The purpose of the study is to investigate the clinical characteristics of patients with OSA and hypertension and the acceptance status of the titration test.



MATERIALS AND METHODS


Study Population

This was a retrospective case series of patients diagnosed with OSA and hypertension at the Sleep Center of Beijing Tiantan Hospital between October 2018 to December 2019. A total of 306 patients were included. OSA is defined as patients who reported apnea hypopnea index (AHI) ≥5/h after completing PSG (20), and hypertension is defined as having been diagnosed by a doctor and recommended for medical treatment. The patients included in the study had no other comorbidities. All the patients completed polysomnography (PSG) on the first night, and then people who accepted the titration test would be scheduled for the APAP titration test with an oral-nasal mask on the second night. Both tests were done in the sleep laboratory for full-night. APAP pressure setting was based on the results of the previous night's PSG report to get an appropriate range. The research protocol was approved by the Medical Ethics Committee of Beijing Tiantan Hospital and the Medical Ethics Committee of Capital Medical University.



Scale Evaluation

Before starting PSG, each participant completed baseline information, medical history, and related scale evaluations, including Insomnia Severity Index (ISS) and Epworth Sleepiness Scale (ESS), Montreal Cognitive Assessment (MoCA), Hamilton Anxiety Rating Scale (HAMA), and Hamilton Depression Rating Scale-17 (HAMD). The scale evaluation is a routine examination of the patients in the sleep center, which was completed by professional clinicians, and all the patients' informed consent had been obtained. Other information could be obtained from the patients' medical records.



PSG

The sleep technicians conducted at least 6 ho of standard nocturnal polysomnography research. The standard PSG record includes 6 electroencephalogram (EEG) leads (F3, F4, C3, C4, O1, and O2), 1 electrocardiograph (ECG) channel, 2 electrooculogram channels, 4 electromyography channels (bilateral jaws and bilateral lower limbs), video surveillance, thoracic breathing channel, abdominal breathing channel, the airflow of the nose and mouth is recorded by the thermal sensor, the position change is recorded by the position sensor, and the oxygen saturation is recorded by the fingertip oximeter. All the PSG data were confirmed by polysomnography technology experts according to the American Academy of Sleep Medicine 2007 standard. Obstructive apnea is defined as the need to reduce the airflow by 80–100% for at least 10 s, and the continuous breathing effort is recorded in the chest and abdominal movement channels. AHI is calculated as the total number of apneas and hypopneas during sleep per hour. The definition of sleep efficiency is the ratio of total sleep time to total recording time. For OSA patients with hypertension, sleep specialists will recommend them complete the APAP titration test in the laboratory, and let them understand the basic principles, benefits and possible side effects of CPAP.



Statistical Analysis

Use SPSS22.0 for data collection and statistical analysis. The comparison between the two groups uses independent sample t-test (when the continuous variable obeys the normal distribution) and the Mann-Whitney U test (when the continuous variable obeys the non-normal distribution); the comparison among three groups uses analysis of variance (when the continuous variable obeys a normal distribution) and Kruskal-Wallis H test (when the continuous variable obeys a non-normal distribution), the Bonferroni method is used for the post-test. The chi-square test was used to compare categorical variables between groups. Spearman rank test was used for correlation analysis. All variables related to the acceptance of titration test are introduced into the multiple logistic regression model (forward, conditional). The multivariate odds ratio (OR) and 95% confidence interval (CI) are given. A bilateral P-value < 0.05 was considered statistically significant.




RESULTS


Overall Demographic Data and Polysomnography Parameters

Table 1 shows the overall characteristics of the 306 OSA patients with hypertension included in this study. There were 213 males and 93 females. The average age of the patients was 55.8 ± 12.9 years. All patients had symptoms such as snoring, daytime sleepiness, cognitive decline or depression in varying degrees. 42% of patients have periodic limb movements.


Table 1. Characteristics of the patients according to the severity of OSA.
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Characteristics of OSA Patients With Different Severity

306 patients received PSG in the laboratory, and all patients had sleep apnea. Divide the patients into three groups according to AHI: 69 cases were mild (5 ≤ AHI < 15), 86 cases were moderate (15 ≤ AHI < 30), and 151 cases were severe (AHI ≥ 30). Age, smoking history, sleep efficiency, rapid eye movement accounted for total sleep time (REM%) and most scale scores were not statistically different among OSA patients of different severity (all P > 0.05). The post-examination found that compared with patients in the mild and moderate groups, the severe group had more male patients, higher body mass index (BMI) and non-REM stage 1 accounted for total sleep time (N1%), and lower non-REM stage 2 accounted for total sleep time (N2%), average and minimum blood oxygen.



The Status of Receiving Titration Test

63 patients accepted titration test, and 243 patients were not treated (Table 2). Although gender and minimum blood oxygen saturation were found to be significantly related to AHI, multicollinearity was not serious. Therefore, age, gender, educational background, sleep efficiency, AHI, and minimum blood oxygen saturation were included in the logistic regression model. The dependent variable is divided into accepting titration test and not accepting titration test. Multivariate analysis showed that sleep efficiency (OR = 1.043, 95%CI: 1.02–1.067, P < 0.001) and AHI (OR = 1.022, 95%CI: 1.01–1.034, P < 0.001) were independent factors related to titration test in patients with OSA and hypertension (Table 3).


Table 2. Characteristics of the patients according to the treatments for OSA.
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Table 3. Multivariate analyse of independent factors associated with the decisions for titration treatment-test.
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DISCUSSION

This study is the first to investigate the sleep structure and treatment status of OSA patients with hypertension. It was found that severe group had a higher BMI and N1%, and a lower N2%. In addition, patients with OSA and hypertension have low acceptance of titration tests. The results showed that only 20.6% of the 306 patients underwent the titration test. Multivariate analysis showed that AHI and sleep efficiency were independent factors for OSA patients to undergo titration tests.

In a longitudinal study of weight change and sleep-disordered breathing, baseline BMI was a significant predictor of AHI changes. For every 1 kg/m2 added in baseline BMI, AHI was expected to increase by about 1% (21). During sleep in OSA patients, complete or partial obstruction of the upper airway occurs repeatedly, often accompanied by decreased blood oxygen saturation and arousal. The continuous process of sleep is interrupted to form fragmented sleep. Issa and Sullivan found that OSA patients were more likely to collapse in the upper airway during light sleep stage when they evaluated the upper airway obstruction technique (22). Therefore, compared with mild and moderate patients, severe patients have more apneas, and then N1% will be higher.

The apnea that occurs during sleep in OSA patients can cause hypoxia and high carbon dioxide partial pressure, stimulate peripheral and central chemoreceptors, re-regulate the blood pressure threshold, and develop essential hypertension. In addition, oxidative stress and inflammation are also the mechanisms that can cause hypertension in patients with OSA (23, 24).

A team has found that OSA and hypertension have an interactive effect on the progression of carotid atherosclerosis and the level of inflammatory markers of atherosclerosis in the blood (such as interleukin-6 and pentapeptidase-3). Compared with OSA patients with normal blood pressure, hypertension patients without OSA or the control group, the carotid artery intima-media thickness and early markers of atherosclerosis were significantly increased (25, 26). Therefore, OSA patients with hypertension often have more serious target organ damage. This kind of crowd should be highly valued by doctors and be given early treatment intervention.

The American Academy of Sleep Medicine recommends that clinicians use CPAP to treat adult OSA patients with hypertension (12). Studies have confirmed that in patients with hypertension and OSA, after long-term use of CPAP standardized treatment, daytime systolic blood pressure is significantly reduced, and daytime sleepiness has also been improved (27).

However, the treatment condition is not ideal. In the past 20 years, the overall non-compliance rate of CPAP was 34.1% (28). Many previous studies have focused on compliance with CPAP treatment, but about 5–50% of patients who were recommended to use CPAP refused this treatment or stopped treatment within the 1st week (29). Therefore, the acceptance of CPAP treatment should also be considered. CPAP pressure titration test is an important link that would affect patients' subsequent treatment. Previous studies investigated the reasons why patients did not receive CPAP treatment, including patients thought they did not need treatment, did not know how to treat them, lacked knowledge of the disease, and believed that the machine was inconvenient to use. But even if patients are given standardized consultation before APAP titration, the acceptance of CPAP by OSA patients is still very low (19).

A previous study on elderly OSA patients showed that compared with mild patients, moderate AHI patients and severe patients are more likely to receive CPAP (18). Our study also reached a similar conclusion, and found that AHI is an independent factor in the titration test for patients with OSA and hypertension. Although previous studies have pointed out that the ESS score is an important predictor of CPAP acceptance, our study did not find an association between ESS score and acceptance. Some studies have reported that the accuracy of this scale was dependent on the participants' gender, psychological variables and subjective perception (30–32). Therefore, it is controversial to take ESS score as a predictor of acceptance. Previous studies have also found that lower CPAP acceptance is related to living alone, mild symptoms (especially drowsiness), less skills, impaired cognitive ability, comorbidities, and neurological deficits (33). Economic incentives can increase the acceptance of CPAP by low-income patients (34). However, these conclusions have not been confirmed in this study, so multi-center, large sample size and more comprehensive studies are needed to verify in the future.

For the first time our study found that sleep efficiency is an independent factor in the titration test for patients with OSA and hypertension. Sleep efficiency itself is affected by many factors. A laboratory PSG-based study assessed patients' sleep quality and explored factors related to poor sleep. In a multivariate analysis, it was found that older, male, and severe OSA patients are more likely to suffer from sleep deprivation (35). However, this study found that the multicollinearity between sleep efficiency and the variables mentioned above is not serious, so all of them can be included in the regression model together. In addition, because the PSG in the laboratory has a “first night effect”, it will greatly reduce the patient's sleep efficiency (36). However, there was no significant difference in sleep efficiency between the PSG laboratory group and the home monitoring group (37). If the “first night effect” of patients with OSA and hypertension can be reduced, and their sleep efficiency can be improved, then their acceptance of the CPAP titration test can be boosted.

This study still has certain limitations. First, the sample size was relatively small and came from a single center. Furthermore, the retrospective design prevented the investigation of the patients' specific blood pressure at that time. For OSA patients, especially those with hypertension, CPAP treatment is the key to improving the quality of life, reducing accidents and improving cognitive outcomes (38). Successfully promoting the use of CPAP for patients depends on the medical team's connection and problem solving in each step of the therapeutic process. More research is necessary to determine ways to improve patients' acceptance of CPAP.



CONCLUSION

In summary, it can be found that a large proportion of OSA patients with hypertension do not receive correct treatment guidance, and the rate of receiving a titration test is at a low level. Patients with higher AHI and higher sleep efficiency are more likely to undergo a titration test. In the future, more efforts are needed to solve these patients' understanding to the disease, and more research is needed to comprehensively explore the factors that influence patients' treatment decision. In this way, we could draw up personalized and optimal treatment protocols for these people who are in urgent need of treatment.
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<0.001

0.019
<0.001
<0.001

0.03
0.197
0.061

0.16
0171

BMI, body mass index; TST, total sleep time; REM, rapid eye movement; N1, non-REM (NREM) stage 1; N2, non-REM (NREM) stage 2; N3, non-REM (NREM) stage 3; Mean SpOs,
Mean oxygen saturation; Lowest SpOz, Lowest oxygen saturation; ISS, Insomnia Severity Index; ESS, Epworth Sleepiness Scale; MoCA, Montreal Cognitive Assessment; HAMA,
Hamilton Anxiety Scale; HAMD-17, Hamilton Depression Scale-17.
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Characteristics Total cohort Titration test No treatment p-value

(n =306) (n=63) (n=243)
Demographic and clinical characteristics
% of total 100 206 79.4
Age,y 558 £ 129 515+ 121 569+ 12.9 0.005
Male, n (%) 213 (69.6) 51(81) 162 (66.7) 0.028
BMI, kg/m2 271+43 278+47 269+42 0.221
Tobacco use, n (%) 139 (45.4) 30(47.6) 109 (44.9) 0,695
Alcohol drinking, n (%) 170 (55.6) 38(60.3) 132 (54.9) 0.393
Education background, n (%) 0.045

<9 years 116 (37.9) 17@7) 99(40.7)
>0 years 190 (62.1) 46(73) 144 (59.3)

Polysomnographic data
Sleep efficiency, % 703+ 165 7724136 686 168 <0.001
Sleep stage, %TST
REM 15768 155£53 15.8+7.1 0877
N1 26174 242+155 262+176 0.93
N2 542153 554 14.1 539+ 156 05615
N3 562 49£53 5164 0.881
AHI, events/h 349.+235 447 £256 323222 <0.001
Mean SpOy, % 946£29 94.4£33 947+28 0.466
Lowest SpOz, % 81.4+96 788+ 11.7 82188 0.038
Scale
sl 99:£7.4 10£73 99+7.4 095
£ss 77£56 76347 78£59 0.854
MoCA 236+ 49 24636 28.4£5.1 0.265
HAMA 9.1 MAS. 1 89MAS.4 9.2MA5.3 082
HAMD-17 58+52 6£56 57%5.1 0.924

Data are presented as %, unless othenwise stated. Bold font indicates variables with statisticall significant differences between clusters (o < 0.05).

BMI, body mass index; TST, total sleep time; REM, rapid eye movement; N1, non-REM (NREV) stage 1; N2, non-REM (NREM) stage 2; N3, non-REM (NREM) stage 3; AHI, apnoea-
hypopnoea index; Mean SpO, Mean oxygen saturation; Lowest SpOs, Lowest oxygen saturation; ISS, Insomnia Severity Index; ESS, Epworth Sleepiness Scale; MoCA, Montreal
Cognitive Assessment; HAMA, Hamilton Anxiety Scale; HAMD-17, Hamilton Depression Scale-17.
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