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Abstract
Aim: The importance of the duration of respiratory events, in addition to the number, in the evaluation of obstructive sleep apnea 
(OSA) is gradually increasing. We aimed to investigate whether parameter including the number and duration of respiratory events 
predict cardiovascular mortality.  
Material and Methods: A retrospective study included 200 patients with OSA (100 severe, 50 moderate, 50 mild). Time spent during 
respiratory events, including the number and duration of respiratory events, was calculated for each respiratory event. Obstructive 
apnea time (OAT), hypopnea time (HT), total apnea time (TAT), and total respiratory event time (TRET) were obtained. The relationship 
between cardiovascular diseases of the patients and the time spent during respiratory events was examined. 
Results: There was no relationship between the cardiovascular diseases and the time spent during respiratory events in the mild, 
moderate and all OSA group; however, the prolonged OAT (p=0.024) and TAT (p=0.039) in the severe OSA group were associated 
with an increase in the cardiovascular diseases, independent of other variables. However, the relationship between apnea-hypopnea 
index (AHI) and cardiovascular diseases in mild, moderate, severe, and all OSA was not significant.
Conclusion: Using parameters including the duration of respiratory events in addition to AHI may be more useful to understand the 
comorbidities of OSA particularly cardiovascular diseases.
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INTRODUCTION
Obstructive sleep apnea (OSA) is a sleep disorder 
characterized by the repetitive partial or complete 
collapse of the upper airway, leading to transient 
hypoxemia and arousals during sleep. It is a common 
disorder, with prevalence estimated at 10-17% for men 
and 3-9% for women; associated with excessive daytime 
sleepiness, increased overall morbidity, and mortality (1). 
Apnea-hypopnea index (AHI) has been used as the main 
parameter to diagnose and classify the severity of the 
disease; defined as the average number of respiratory 
events per hour of sleep, regardless of the duration of the 
event. In recent years, studies evaluating the contribution 
of the duration of respiratory events in addition to the 
number of respiratory events in OSA have been carried out 
(2-9).  

Cardiovascular diseases are common in the general 
population worldwide. It was estimated to result in 17.3 

million deaths worldwide in 2012 and 2013, a number that 
is expected to be 23.6 million by 2030 (10). OSA has been 
associated with many different forms of cardiovascular 
diseases including hypertension, stroke, heart failure, 
coronary artery disease, and atrial fibrillation (11). One 
of the reasons for differences in cardiovascular diseases, 
non-cardiovascular morbidities, mortality, and response 
to therapy could be various respiratory event durations in 
OSA patients with the same severity. However, the number 
of studies examining the relationship between duration of 
respiratory events and cardiovascular morbidity in OSA is 
limited (8,12-14). 

We hypothesized that there may be a relationship between 
the time spent during respiratory events and cardiovascular 
morbidity in OSA patients. So in this study, we aimed to 
evaluate the parameter “time spent during respiratory 
events” (second/hour) which includes the number and 
duration together, separately for each respiratory event; 
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evaluated with the polysomnographic sleep parameters 
and cardiovascular morbidity in OSA patients.

MATERIAL and METHODS
Patients and Study Design 
A retrospective clinical study included 200 OSA patients 
(100 severe, 50 moderate, 50 mild) who were >18 years 
of age and who were followed up in the sleep center. The 
diagnosis of OSA by PSG was supported by the American 
Academy of Sleep Medicine (AASM). Demographic 
parameters were extracted from the patient medical 
records. The Ethics Committee approved the study 
protocol (2011-KAEK-25 2019/10-24). 

Polysomnography 
PSG in the sleep laboratory included continuous 
electroencephalographic (EEG) polygraphic recording 
using EEG leads, the use of right and left electro-
oculographic leads, and chin electromyography for sleep 
staging. Electrocardiography (ECG) monitoring during 
sleep, airflow measurement at the nose and mouth, chest 
and abdominal respiratory movements were measured 
during sleep. Arterial oxygen saturation was measured 
with pulse oximetry. All sleep studies were interpreted 
according to the manual of the AASM for the Scoring of 
Sleep, by certified sleep physicians. Apnea was identified 
when the airflow amplitude in the nasal cannula was <10% 
of baseline and when no flow occurred on the oral airflow 
sensor (thermistor). Hypopneas was identified when the 
amplitude of the airflow was reduced by 30% from the 
baseline, the event was followed by 4% desaturation. 
The AHI was defined as the total number of apnea and 
hypopnea events per hour of sleep. Oxygen desaturation 
index (ODI) represents the average number of desaturation 
events (4%) per hour of sleep. 

Time Spent in Respiratory Events 
The mean obstructive apnea duration (MOAD), mean total 
apnea duration (MTAD), mean hypopnea duration (MHD), 
and the number of each respiratory event were multiplied 

for each respiratory event separately and divided by the 
total sleep time. So the time spent during each respiratory 
event (second/hour); obstructive apnea time (OAT), 
hypopnea time (HT), total apnea time (TAT), and total 
respiratory event time (TRET) were obtained.

Cardiovascular Diseases
Cardiovascular diseases of the patients were 
retrospectively screened from the medical record system. 
Hypertension, heart failure, cardiac arrhythmias, and 
ischemic heart diseases were included.

Statistical Analysis 
Data were expressed as the mean ± standard deviation 
(SD) or the median (interquartile range). The relationship 
between times spent in respiratory events (OAT, TAT, HT, 
TRET) and independent predictive variables were analyzed 
using linear regression with the enter method. Data were 
analyzed using IBM SPSS statistics 22.0 (SPSS Inc., 
Chicago, IL, USA). The value of p<0.05 was considered 
statistically significant

RESULTS 
This retrospective study included 200 OSA patients. The 
demographic characteristics of the study population 
were summarized (Table 1). Times spent in respiratory 
events with polysomnographic parameters and blood 
oxygenation parameters were evaluated (Table 2).

Time spent in respiratory events and presence of the 
cardiovascular diseases were evaluated (Table 3). There 
was no relationship between the cardiovascular diseases 
and the time spent during respiratory events in the mild, 
moderate and all OSA group; however, the prolonged OAT 
(p=0.024) and TAT (p=0.039) in the severe OSA group 
were associated with an increase in the cardiovascular 
diseases, independent of other variables. No association 
was found between AHI and cardiovascular diseases in 
mild, moderate, severe, and all OSA.

Table 1. Demographic characteristics of the study population

Mild OSA Moderate OSA Severe OSA Total Test value p

Age (mean±SD) 44.6±10.3 50.0±11.6 51.35±11.4 49.3±11.5 6.181* 0.002

Gender (M/F) 21/29 28/22 65/35 114/86 7.222** 0.027

Height cm 162.5 (150-195) 167.4±9.1 168.9±8.5 167.5 (148-195) 9.494# 0.009

Weight kg 80.5(55-155) 86.2±13.1 93.5(70-145) 86 (55-155) 26.086# <0.001

BMI kg/m2 28.7 (22-61) 30.0(23-42) 32.75(22-54) 30.5 (22-61) 13.324# 0.001

AHI 8.9(5.1-14.9) 21.1(15.5-29.8) 60.9 (33.3-131.6) 31.6  (5.1-131.6) 167.916# <0.001

OAT (sec/hr) 25.6(0-162.0) 84(0-541.7) 756.8(4.4-2792.4) 180.9 (0-2792.4) 116.684# <0.001

TAT (sec/hr) 33.4(0-162) 99.7(0-546.5) 847.5 (4.4-2792.4) 192.2 (0-2792.4) 117.404# <0.001

HT (sec/hr) 207.7±129.5 434.7±164.2 360.6(0-1372.9) 327.9 (0-1372.9) 32.825# <0.001

TRET (sec/hr) 219.6(99.8-517.5) 578.1±155.0 1304.2(457.4-2794.4) 719.1 (99.8-2794.4) 153.526# <0.001

SD: standard deviation. BMI: body mass index, AHI: apnea hypopnea index, OAT: obstructive apnea time, TAT: total apnea time, HT: hypopnea time, 
TRET: total respiratory event time. Values represent median (min-max). *one-way ANOVA **Chi-Square test. . #Kruskal-Wallis test
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DISCUSSION
The current diagnosis and severity classification of OSA is 
based on the number of respiratory events. In recent years, 
however, it has been shown that, in addition to the number 
of respiratory events, the duration of respiratory events 
contributes to the assessment of the OSA, accompanying 
morbidities and mortality. OSA has been associated with 
increased morbidity and mortality related to cardiovascular 
disease. Therefore the relationship between time spent 
during the respiratory events (parameter combining 
the number and duration of respiratory events) and 
cardiovascular diseases evaluated in the present study. 

Population-based studies have shown an association 
between OSA and cardiovascular diseases (15,16). 
Intermittent hypoxia, a major pathophysiological 
change caused by OSA, causes increasing sympathetic 
nerve activity, systemic inflammation, and endothelial 
cell injury, which may also aggravate cardiovascular 
diseases including hypertension, arrhythmia, and 
arteriosclerosis (17). The data about the relationship 
between cardiovascular diseases and duration of 
respiratory events or parameters including duration 
of respiratory events in OSA are limited (8,12-14). It is 
shown that OSA patients with longer MAD (mean apnea-
hypopnea duration) have more and worse hypertension 
than patients with shorter MAD (8). The reason for poor 
blood pressure control could be low oxygen saturation 
associated with longer MAD in this study. Also in the rat 
model of OSA, it was found that longer apnea-hypopnea 
duration is related to more hypertension (12). One of 
the two studies examining the relationship between 
cardiovascular disease with the duration and number 
of respiratory events together; showed that non-fatal 
cardiovascular events and cardiovascular mortality are 
higher in severe OSA formed based on adjusted-AHI (13). 
In this study adjusted AHI was found to be an independent 
risk factor for non-fatal cardiovascular events. According 
to the second one, hypertensive women have lower apnea 
and apnea-hypopnea time and hypertensive men have 

higher hypopnea time (14). However, female patients were 
more obese and older than male patients in that study. 
In our study, cardiovascular diseases were related to OAT 
and TAT only in severe OSA patients, independent of other 
variables (age, gender, BMI). However, HT or TRET was not 
related to cardiovascular morbidity. Regarding oxygenation 
parameters, both MOD and ODI were associated with OAT 
and TAT; so cardiovascular diseases associated with OSA 
could be due to a higher number of deoxygenation attacks 
together with a continuous lower oxygen level. AHI alone 
is not capable of explaining cardiovascular morbidity 
in OSA, so the parameters including the duration of 
respiratory events are more useful in understanding OSA 
and its effects.

Mortality in OSA associated with low mean oxygen 
saturation, high ODI, and presence of comorbidities such 
as congestive heart failure, coronary artery disease, 
diabetes mellitus, and chronic obstructive pulmonary 
disease (COPD) (18). It is found that longer MAD was 
associated with lower oxygen saturation in patients with 
severe OSA (2). Also, longer MOAD, MMAD (mean mix 
apnea duration), MCAD (mean central apnea), MTAD, 
MHD were related to deeper mean oxygen desaturation 
in patients with severe OSA and this relationship was 
stronger, especially with MOAD and MTAD (5). Similarly 
longer OAT and TAT in mild, severe, and all OSA group and 
longer TRET in severe and all OSA group were associated 
with higher MOD in our study. So nocturnal hypoxemia is 
more related to time spent in apnea rather than hypopnea 
in severe and all OSA patients. Nocturnal hypoxia may be 
one of the reasons for the relation between OAT, TAT, and 
cardiovascular diseases in severe OSA patients. 

Obesity is an important risk factor for the development of 
OSA. It was shown that as the degree of obesity increases 
the severity of OSA also increase (19). Also, the remission 
of OSA was found as 93.4% after gastric bypass surgery 
(20). However, BMI shortens the duration of apneas and 
hypopneas (5,6). This can be explained by the positive 
correlation between AHI and BMI. As AHI increases with 

Table 2. Multiple linear regression analysis models for OAT, TAT, HT and TRET as dependent variables and age, gender, BMI, polysomnographic 
parameters as independent variables

OAT TAT HT TRET AHI
OSA 
severity

β 
coefficient

p 
value 95% CI β 

coefficient
p 

value 95% CI β 
coefficient

p 
value 95% CI β 

coefficient
p 

value 95% CI β 
coefficient

p 
value 95% CI

Mild OSA -0.135 0.317 -0.405/
0.135 -0.135 0.317 -0.405/

0.135 -9.768 0.811 -91.805/
72.269 -0.051 0.399 -0.172/

0.070 -0.959 0.346 -2.989/
1.071

Moderate 
OSA 0.299 0.116 -0.077/

0.674 0.230 0.156 -0.092/
0.552 -20.875 0.680 -122.27/

80.520 0.010 0.780 -0.064/
0.085 1.928 0.190 -0.991/

4.848

Severe 
OSA 0.267 0.024 0.036/

0.498 0.242 0.039 0.012/
0.471 -58.412 0.419 -201.23/

84.409 0.072 0.098 -0.014/
0.158 8.787 0.084 -1.199/

18.773

All OSA -0.126 0.263 -0.348/
0.095 -0.126 0.254 -0.343/

0.091 -65.296 0.096 -142.19/
11.605 -0.116 0.194 -0.213/

-0.019 -6.920 0.099 -15.158/
1.318

CI: confidence interval, OAT: obstructive apnea time, TAT: total apnea time, HT: hypopnea time, TRET: total respiratory event time,                             
AHI: apnea hypopnea index, p<0.05 is significant
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the same total sleep time, the duration of respiratory 
events decreases. In this study also higher BMI was 
associated with shorter OAT in mild and all OSA group and 
shorter mild, severe, and all OSA group.

CONCLUSION
In this study, the parameter, time spent in respiratory 
events, was evaluated, which include the number and 
duration of respiratory events together. Cardiovascular 
diseases were higher in severe OSA patients who have 
higher OAT and TAT. However, this relationship does 
not exist with AHI alone in the same group. Also, no 
relationship was found between the time spent during 
respiratory events and cardiovascular diseases in mild and 
moderate OSA patients. Therefore, to better understand 
the effects of OSA in terms of accompanying morbidities 
(cardiovascular diseases and others), it can be useful 
to use parameters including the duration of respiratory 
events in addition to AHI alone. 

The limitations of this study were being retrospective, 
single-center study, and also having a small study 
population. Cardiovascular diseases of the patients were 
screened retrospectively only from the medical record 
system. There is still a need for further prospective, large 
scale, controlled studies to examine the relationship 
between the time spent during respiratory events and other 
parameters like comorbidities especially cardiovascular 
complications associated with OSA.
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