
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(3):907-915 | http://dx.doi.org/10.21037/jtd.2019.12.66

Introduction

Obstructive sleep apnea syndrome (OSAS) is defined as a 
combination of symptoms and polysomnographic findings 
that include apneas, hypopneas, and respiratory effort-
related arousal  (RERA) (1). OSAS patients have high 
prevalence rates of obesity, hypertension, and diabetes, 

all of which are risk factors for cardiovascular disease, 
and hypoxemia during sleep is also closely related to 
cardiovascular disease (2). Furthermore, OSAS is associated 
with other cardiovascular issues, such as coronary artery 
disease, atrial fibrillation, congestive heart failure, and 
resistant hypertension, and it has been observed that the 
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prevalence of OSAS increases with the severity of these 
diseases (3).

It was recently suggested that OSAS is a heterogeneous 
disease with different clinical features, risk factors, and 
pathogeneses that depend on the specific phenotype, and as a 
result, various therapeutic approaches for treating OSAS are 
being considered (4). Previous studies have reported that the 
apnea-hypopnea index (AHI) during rapid eye movement 
(REM) sleep is independently associated with incidents 
of non-dipping of blood pressure and dyslipidemia (5).  
Severe sleep apnea during REM sleep may be associated 
with early signs of atherosclerosis, defined as increased 
intima thickness (6).

H o w e v e r,  f e w  s t u d i e s  h a v e  i n v e s t i g a t e d  t h e 
clinical features of OSAS using phenotypes based on 
polysomnographic findings.

This study assessed OSAS patients who were classified 
as apnea-predominant, hypopnea-predominant, or RERA-
predominant using polysomnography. We evaluated the 
clinical features of each polysomnographic phenotype and 
hypothesized that the specific phenotypes would show 
distinguishable associations with risk for cardiovascular 
disease. 

Methods

Study setting and participants

This study assessed patients who were 18 years of age 
or older, evaluated due to suspicion of sleep-disordered 
breathing (SDB), and had undergone overnight level 
1 polysomnography in the sleep Laboratory of Wonju 
Severance Christian Hospital (tertiary university hospital) 
between November 2008 and February 2018 (Figure 1). 
Polysomnography was conducted in 930 patients, of whom 
14 were younger than 18 years of age and were excluded 
from the study and 56 were patients with indications other 
than SDB (17 cases of hypersomnia, 24 cases of parasomnia, 
four cases of sleep-related movement disorders, and 11 
cases of insomnia). Thus, a total of 860 SDB patients were 
included in the final analyses. All procedures performed in 
studies involving human participants were in accordance 
with the ethical standards of the Wonju Severance Christian 
Hospital Institutional Review Board (CR318006).

Sleep study

Al l  pa t i en t s  underwent  a l l -n igh t  in - l abora tory 

Hypersomnia (17)
Parasomnia (24)
SRMD (4)
Insomnia (11)

N=56

<19 years old
N=14

Others
N=246

N=874

All patients who underwent polysomnography
with suspicion of sleep-disordered breathing

N=860

AlI patients who underwent polysomnography 
from November 2008 to February 2018  

N=930

Apnea-predominant
N=220

Hypopnea-predominant
N=119

RERA-predominant
N= 275

Figure 1 A flow diagram showing the analysis of patients with suspicion of SDB who underwent polysomnography to determine the risk 
factors for clinical features and cardiovascular disease. The patients were classified as apnea-predominant if apnea accounted for >50% of 
the RDI, hypopnea-predominant if hypopnea accounted for >50% of the RDI, and RERA-predominant if RERA accounted for >50% of the 
RDI. SRMD, sleep-related movement disorder; SDB, sleep-disordered breathing; RDI, respiratory disturbance index; RERA, respiratory-
effort related arousal.
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polysomnography according to standard procedures (7) 
using a digital system (Embla® S7000 & N7000; Embla 
Systems Ltd., Kanata, ON, Canada). Based on these data, 
apnea was considered present if nasal airflow was reduced 
by more than 90% of the basal level for more than 10 s; 
hypopnea was considered present if the nasal pressure fell 
by more than 30% of the basal level for more than 10 s, 
accompanied by a reduction in oxygen saturation of more 
than 3% or an arousal (8); and RERA was defined as arousal 
without apnea or hypopnea. The apnea index, hypopnea 
index, and RERA index were defined using incidence rate 
per hour, AHI was calculated as the sum of the apnea and 
hypopnea rates per hour, and the RDI value was obtained 
by adding the RERA index to the AHI.

Definition of phenotypes and classification of patient 
groups

The OSAS phenotypes were defined and classified using 
polysomnographic data as follows: Apnea-predominant 
SDB was defined as when apnea accounted for >50% of the 
RDI; hypopnea-predominant SDB was defined as when 
hypopnea accounted for >50% of the RDI; and RERA-
predominant SDB was defined as when RERA accounted 
for >50% of the RDI.

Collection of clinical information and risk factors for 
cardiovascular diseases 

The relevant clinical data of all patients were collected 
during a review of electronic medical records and 
included clinical features and sleep-related self-reported 
questionnaires that were evaluated prior to the sleep 
study. Demographic information included age, height, 
weight, body mass index (BMI), and smoking history, and 
medical history information included comorbidity with 
diabetes, hypertension, hyperlipidemia, heart failure, and/
or coronary artery disease. In the case of coronary artery 
disease, relevant data were only included if a patient was 
hospitalized for myocardial infarction or unstable angina 
or if they underwent unplanned coronary angiography, 
cardiovascular angiocardiography, or computed tomography 
imaging.

Statistical analysis

Differences in demographic variables according to OSAS 
phenotype, medical history, and characteristics of the 

polysomnographic findings are expressed as the mean ± 
standard deviation (SD) for continuous variables. Chi-
square tests were used to assess nominal variables, and 
analysis of variance was conducted for comparative analyses 
of the three groups. Variables that were significantly related 
to the prevalence of a comorbidity were assessed with 
logistic regression analyses to estimate the odds ratio (OR) 
for comorbidity with cardiovascular and cerebrovascular 
diseases. Significant independent variables were confirmed 
with multivariate analyses adjusted for other variables. All 
statistical analyses were performed using SPSS version 24.0, 
and P<0.05 was considered statistically significant.

Results

Clinical features according to OSAS phenotype

The phenotypes of 860 patients were identified based 
on their polysomnographic data. They were divided 
into an apnea-predominant group (n=220), a hypopnea-
predominant group (n=119), and a RERA-predominant 
group (n=275); the remaining 246 patients included 231 
individuals who did not fit the characteristics of these three 
groups and 15 patients with an RDI <5 who were excluded 
from this analysis. The hypopnea-predominant group had 
a higher mean age (54.5 years old, P<0.001) and higher 
prevalence rates of hyperlipidemia (37.6%, P<0.001), 
heart failure (15.5%, P<0.001), and coronary artery disease 
(20.9%, P=0.005) than the other two groups. The apnea-
predominant and hypopnea-predominant groups had 
higher mean prevalence rates of hypertension and diabetes 
than the RERA-predominant group, and the hypopnea-
predominant group had a higher ratio of females than the 
apnea-predominant group. The oxygen desaturation index 
(ODI) and Epworth Sleepiness Scale (ESS) score were 
higher in the apnea-predominant group than in the other 
two groups (Table 1).

Polysomnographic factors for coronary artery diseases and 
heart failure as risk 

Analyses of the clinical features of the different OSAS 
phenotypes revealed that the hypopnea-predominant group 
had higher prevalence rates of coronary artery disease 
and heart failure than the apnea-predominant group. To 
investigate polysomnographic data (apnea index, hypopnea 
index, and RERA index) as risk factors for coronary artery 
disease and heart failure, simple regression analysis was 
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Table 1 Clinical features of the apnea-predominant, hypopnea-predominant, and RERA-predominant groups classified using the 
polysomnographic data

Variables
Apnea-predominant group 

(n=220)
Hypopnea-predominant 

group (n=119)
RERA-predominant group 

(n=275)
P value

Age, years 48.5±12.6a 54.5±14.9b 46.3±15.8a 0.002

Male, (%) 203 (92.3)b 73 (61.3)a 196 (71.3)a <0.001

Epworth Sleepiness Scale 13.7±2.5b 11.8±3.3a 10.7±3.3a 0.012

Anthropometric data

Height, m 1.69±0.1b 1.65±0.1a 1.67±0.1a <0.001

Weight, kg 79.2±13.6b 75.2±15.3b 68.8±11.6a <0.001

Body mass index, kg/m2 27.7±4.1b 27.7±4.9b 24.6±3.6a <0.001

Neck circumference, cm 38.1±4.9b 36.9±3.9a 36.7±5.4a 0.019

Smoking history

Never smoker, (%) 91 (44.0)a 66 (60.0)b 171 (63.8)b <0.001

Ever smoker, (%) 69 (33.3)b 29 (26.4)a 69 (25.7)a 0.164

Current smoker, (%) 47 (22.7)b 15 (13.6)a 28 (10.4)a 0.001

Quantity, pack years 14.4±18.4b 10.2±17.8b 8.1±15.4a <0.001

Comorbidities 

Hypertension, (%) 109 (52.4)b 63 (56.3)b 90 (33.5)a <0.001

Diabetes, (%) 46 (22.3)b 25 (22.7)b 26 (9.7)a <0.001

Hyperlipidemia, (%) 51 (24.8)a 41 (37.6)b 41 (15.3)a <0.001

Heart failure, (%) 10 (4.9)a 17 (15.5)b 9 (3.4)a <0.001

Coronary artery diseases, (%) 24 (11.7)a 23 (20.9)b 24 (9.0)a 0.005

Cerebrovascular diseases, (%) 14 (6.8) 6 (5.5) 8 (3.0) 0.144

Polysomnographic data

Apnea-hypopnea index 54.4±23.2b 31.1±20.0b 4.9±4.4a <0.001

Respiratory disturbance index 60.4±22.0b 38.3±20.4b 17.9±9.2a <0.001

Apnea index 44.4±21.9b 6.6±7.0a 1.7±2.5a <0.001

Hypopnea index 10.0±8.3a 24.5±15.7b 3.2±3.3a <0.001

RERA index 3.7±3.7a 6.9±4.0a 12.9±6.1b <0.001

Oxygen desaturation index 48.4±23.6c 29.6±20.3b 4.6±5.1a <0.001

T90 (min) 24.5±36.2b 18.8±49.4b 2.1±16.6a <0.001
a,b,c, values in a row without a common superscript letter differ (P<0.05), as analyzed by one-way ANOVA. RERA, respiratory-effort related 
arousal; T90, total sleep time in oxygen saturation ≤90%.
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conducted with these indices including age, sex, BMI, neck 
circumference, smoking history, presence of hypertension, 
hyperlipidemia, and diabetes. Age, BMI, hypertension, 
hyperlipidemia, and diabetes were significantly related 
to coronary artery disease and heart failure, and of 
the polysomnographic data, the hypopnea index was a 
significantly related to heart failure (Table 2).

Coronary artery disease and heart failure according to 
severity of the hypopnea index

To de termine  whether  the  hypopnea  index  was 
independently correlated with coronary artery disease and 
heart failure, the patients were divided into four groups 

based on the hypopnea index as follows: <5, 5–14.9, 
15–29.9, and ≥30. Then, multivariate logistic regression 
analyses according to severity of the hypopnea index were 
conducted.

Risk for coronary artery diseases according to the 
hypopnea index (Table 3)
The group with a hypopnea index from 15 to 29.9 had a 
2.44-fold higher risk for coronary artery disease than the 
group with a hypopnea index <5, while the group with a 
hypopnea index ≥30 had a 3.79-fold higher risk for coronary 
artery disease than the group with a hypopnea index <5. 
Even when adjusting for age, sex, and smoking history 
(pack years), these two groups showed significantly higher 

Table 2 Univariate analysis assessing risk factors for coronary artery diseases and heart failure among the patient groups

Variables n=614

Coronary artery diseases Heart failure

Odds ratio,  
95% confidence interval

P value
Odds ratio, 95% confidence 

interval
P value

Age, years 48.7±14.8 1.06 (1.04–1.08) <0.001 1.10 (1.07–1.14) <0.001

Males, (%) 472 (76.9) 1.43 (0.83–2.49) 0.199 2.49 (1.25–4.97) 0.010

BMI, kg/m2 26.3±4.3 1.10 (1.04–1.16) 0.001 1.10 (1.03–1.18) 0.008

Neck circumference, cm 37.2±5.0 1.04 (0.99–1.09) 0.093 1.02 (0.95–1.10) 0.538

Smoking, pack years 10.8±17.2 1.02 (1.01–1.03) 0.002 1.00 (0.98–1.02) 0.866

Hypertension, (%) 262 (42.7) 8.84 (4.54–17.23) <0.001 11.59 (4.04–33.22) <0.001

Hyperlipidemia, (%) 133 (21.7) 23.30 (12.37–43.90) <0.001 14.70 (6.51–33.18) <0.001

Diabetes, (%) 97 (15.8) 4.95 (2.89–8.46) <0.001 6.01 (3.00–12.06) <0.001

Apnea index 18.0±24.0 1.00 (0.99–1.01) 0.994 0.99 (0.98–1.01) 0.418

Hypopnea index 9.8±11.8 1.03 (1.01–1.05) 0.002 1.03 (1.01–1.05) 0.006

RERA index 8.44±6.5 0.98 (0.94–1.02) 0.264 0.91 (0.84–0.97) 0.005

BMI, body mass index; RERA, respiratory effort-related arousal; 95% CI, 95% confidence interval.

Table 3 Logistic regression model predicting the risk for coronary artery disease based on severity of the hypopnea index

Hypopnea 
index

N Coronary artery 
disease

Model 1 Model 2 Model 3

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

<5.0 284 22 (7.7%) 1.00 1.00 1.00

5.0–14.9 187 23 (12.3%) 1.70 (0.92–3.15) 0.093 1.54 (0.81–2.92) 0.407 0.92 (0.44–1.94) 0.824

15.0–29.9 107 18 (16.8%) 2.44 (1.25–4.76) 0.009 2.08 (1.04–4.17) 0.040 1.31 (0.58–2.96) 0.516

≥30.0 36 8 (22.2%) 3.79 (1.52–9.42) 0.004 3.06 (1.16–8.05) 0.023 1.31 (0.40–4.27) 0.657

Model 1: hypopnea index. Model 2: hypopnea index, age, sex, and smoking (pack years). Model 3: hypopnea index, age, sex, smoking 
(pack years), BMI, hypertension, hyperlipidemia, and diabetes. 95% CI, 95% confidence interval.
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Table 4 Logistic regression model predicting the risk of heart failure based on the severity of the hypopnea index

Hypopnea 
index

n Heart failure
Model 1 Model 2 Model 3

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

<5.0 284 8 (2.8%) 1.00 1.00 1.00

5.0–14.9 187 17 (9.1%) 3.51 (1.48–8.31) 0.004 3.22 (1.29–8.00) 0.012 2.39 (0.86–6.60) 0.094

15.0–29.9 107 5 (4.7%) 1.70 (0.54–5.33) 0.362 1.42 (0.44–4.61) 0.564 0.74 (0.19–2.88) 0.668

≥30.0 36 6 (16.7%) 7.62 (2.45–23.64) <0.001 5.29 (1.48–18.88) 0.010 2.49 (0.58–10.65) 0.219

Model 1: hypopnea index. Model 2: hypopnea index, age, sex, and smoking (pack years). Model 3: hypopnea index, age, sex, smoking 
(pack years), BMI, hypertension, hyperlipidemia, and diabetes. 95% CI, 95% confidence interval.

risks (2.08 and 3.06 times, respectively) than the group with 
a hypopnea index <5. However, after adjusting for BMI 
and comorbidity with hyperlipidemia and diabetes, these 
associations were no longer statistically significant.

Risk for heart failure according to the hypopnea index 
(Table 4)
The group with a hypopnea index from 5 to 14.9 had a 
3.51-fold higher risk for heart failure than the group with 
a hypopnea index <5, whereas the group with a hypopnea 
index ≥30 had a 7.62-fold higher risk for heart failure than 
the group with a hypopnea index <5. After adjusting for 
age, sex, and smoking (pack years), these two groups had 
significantly higher risks (3.22- and 5.29-fold, respectively) 
than the group with a hypopnea index <5. However, after 
adjusting for BMI and comorbidity with hyperlipidemia 
and diabetes, these associations were no longer statistically 
significant.

Discussion

This study investigated whether specific phenotypes 
could show differential  associations with risk for 
cardiovascular diseases in OSAS patients classified into 
apnea-predominant, hypopnea-predominant, and RERA-
predominant phenotypes according to polysomnographic 
data. Individuals with hypopnea-predominant OSAS had 
higher risks for coronary artery disease and heart failure 
than those with apnea-predominant or RERA-predominant 
OSAS.

OSAS is independently associated with metabolic 
syndrome, which is closely related to cardiovascular  
diseases (9). OSA is also an independent risk factor for 
coronary artery calcification, an important factor in 
predicting cardiovascular disease (10). In addition, it has 

been reported that patients requiring interventions to 
treat coronary artery disease were at higher risks of death, 
myocardial infarction, stroke, repeat revascularization, or 
heart failure (11).

Almost all previous studies have analyzed the effects of 
OSAS on cardiovascular and cerebrovascular diseases by 
classifying severity using the AHI. It has been reported 
that a higher AHI increases the incidence of cardiovascular 
diseases (12) and ischemic cerebrovascular disease (13). 
However, no study has yet investigated the rates of such 
diseases in patients divided into different groups based on 
the predominance of either apnea or hypopnea, or both. 
Therefore, we divided patients into three groups according 
to polysomnographic phenotype and examined the 
prevalence and risk factors of cardiovascular disease. The 
results indicated that hypopnea index was a more important 
risk factor for coronary artery disease and heart failure than 
apnea index.

A previous study exploring the clinical significance of 
hypopnea-predominant and apnea-predominant disorders 
found that OSAS patients with a BMI of ≥45 had a higher 
hypopnea index/apnea index ratio than those with a 
BMI of <35 (14). Another study in patients with OSAS 
accompanied by daytime hypersomnolence found using 
polysomnographic data that hypopnea constituted 70% 
of the RDI in females and 50% in males (15). Thus, if a 
patient has a high BMI or is female, hypopnea is more likely 
to be dominant than apnea. However, we found no BMI 
difference between the apnea-predominant and hypopnea-
predominant groups, but observed that the hypopnea-
predominant group (38.7%) had a significantly higher 
female:male ratio than the apnea-predominant group 
(7.7%).

The OSAS pathophysiological phenotypes are: (I) high 
passive critical closing pressure of the upper airway, (II) 
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inadequate responsiveness of the upper airway dilator 
muscles during sleep, (III) a low respiratory arousal 
threshold, and (IV) high-loop gain of the respiratory control 
system (16). Of these, patients with three non-anatomical 
pathogeneses other than (I) accounted for 50% of all 
OSAS patients (17). Non-anatomical pathogeneses trigger 
dynamic obstruction, while anatomical pathogenesis triggers 
static obstruction; the pathogeneses were independent and 
different (18). However, more importantly, a high passive 
critical closing pressure of the upper airway, an anatomical 
pathogenesis featuring static obstruction, causes apnea to 
predominate, whereas the dynamic obstruction caused by 
non-anatomical pathogeneses mainly causes hypopnea (19).  
Therefore, apnea and hypopnea are not distinguished 
simply by the degree of closure, but rather are independent 
clinical entities featuring different pathogeneses.

The correlation between OSAS and cardiovascular 
disease is attributable to intermittent hypoxia. When 
affected patients sleep, breathing disorders occur from 
5 to over 100 times per hour, triggering intermittent 
hypoxia and reoxygenation; the hypoxia causes carotid 
artery chemoreceptors to activate the sympathetic nerves, 
in turn increasing hypertension (20). The sympathetic 
nerve excitation continues during the day, because of a 
memory effect (plasticity). Recent studies have reported 
that this effect is a specific response to intermittent  
hypoxia (21).

Also, oxidative stress caused by hypoxia can trigger 
systemic inflammation and vascular endothelial cell 
dysfunction, in turn causing ischemic heart disease, such 
as myocardial infarction, by inducing atherosclerotic 
changes in blood vessels (21,22). An excessive increase in 
intrathoracic pressure imposes mechanical stress on the 
walls of the large blood vessels of the heart, or creates aortic 
aneurysms, which in turn trigger arrhythmia (23). Notably, 
another study on the effect of OSAS on cerebrovascular 
disease confirmed that reduced middle cerebral artery blood 
flow correlated with decreased oxygen saturation, and a 
longer duration thereof, reflecting obstructive hypopnea 
rather than obstructive apnea or central apnea (24). This 
may be why obstructive hypopnea reduces cerebral blood 
flow more than obstructive apnea; the intermittent hypoxia 
of hypopnea is more severe than that of apnea.

However, ODI, which is an indicator of intermittent 
hypoxia (25), was higher in the apnea-predominant group 
than the hypopnea-predominant group. This suggests that 
the intermittent hypoxia associated with cardiovascular 
disease cannot be well explained by ODI, and that other 

tools, such as hypoxia burden, are needed (26).
A limitation of our study is that it was a retrospective 

analysis of only patients undergoing polysomnography at 
a single institute. Also, patient numbers were small, and 
it is thus difficult to define cause-and-effect relationships 
between OSAS and cardiovascular disease. We did 
not investigate the hypoxic burden, also known as the 
desaturation severity parameter, which has been reported 
to independently raise cardiovascular risk (26). In addition, 
we did not investigate sleep-related breathing cessation and 
desaturation, which are known to have greater contributions 
to daytime sleepiness than AHI (27).

All-cause mortality risk has been reported to be higher 
in older adult OSA patients with excessive daytime  
sleepiness (28). In one study, when divided into four 
subtypes of symptoms, the prevalence of heart failure was 
more than three times higher in the excessive sleep subtype 
than other subtypes and the incidence of cardiovascular 
disease was also high (29). It is necessary to perform follow-
up studies on the factors affecting cardiovascular disease in 
hypopnea itself because the apnea group had a significantly 
higher ESS score than the hypopnea group in the present 
study. It is also necessary to analyze OSA patients by 
dividing them into subgroups according to ESS score in 
follow-up studies.

Future studies should divide patients according to 
polysomnographic phenotype, check various parameters, 
and then track the incidences of cardiovascular and 
cerebrovascular diseases, which would identify risk factors 
and predict prognoses after treatment.

In conclusion, OSAS patients were classified as 
apnea-predominant, hypopnea-predominant, or RERA-
predominant according to the phenotype based on 
polysomnographic data. The hypopnea-predominant group 
had significantly higher prevalence rates of coronary artery 
disease and heart failure than the apnea-predominant group. 
Furthermore, the hypopnea predominance was differentially 
associated with the risks for coronary artery disease and 
heart failure.
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