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Prevalence of Diastolic Dysfunction in Newly Diagnosed 
Obstructive Sleep Apnea Patients
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ABSTRACT
Objective: Obstructive sleep apnea (OSA) is a common chronic disorder with increased morbidity and mortality. 

Asymptomatic LV diastolic dysfunction is also common condition with many interrelated risk factors. The purpose of the study 
is to investigate the prevalence of diastolic dysfunction among obstructive sleep apnea patients and the impact of its severity on 
diastolic dysfunction grade.

Patients and Methods: Fifty patients with obstructive sleep apnea confirmed by Home Sleep Apnea Testing (HSAT). Diastolic 
function of the left ventricle determined by Doppler echocardiography. Baseline characteristics, severity of obstructive sleep 
apnea, and diastolic dysfunction severity are compared.

Results: The median age is 45 years. Most patients (n = 37, 74%) were male. Thirty-six (72%) patients were hypertensive. 
The Mean Body Mass Index (BMI) was 29 kg/m2. Fifteen patients (30%) were current smokers. The mean apnea-hypopnea 
index (AHI) was 33 ± 12 events/hour and most patients had severe OSA, with AHI > 30 events/hour (n = 26, 52%). Diastolic dys-
function prevalence is 72% (n = 36 patients). Only hypertension is significantly associated with diastolic dysfunction (p-value 
0.004) with no significant association with age, gender, diabetes mellitus, Body Mass Index (BMI) and smoking status. Diastolic 
dysfunction grade has significant association with the AHI, OSA severity and minimum SpO2 (p-values 0.000, 0.028 and 0.000, 
respectively).

Conclusion: Diastolic dysfunction is prevalent in OSA patients with many related risk factors. Hypertension significantly 
associated with diastolic dysfunction and Diastolic dysfunction grade has significant association with the apnea-hypopnea index 
(AHI), OSA severity and minimum SpO2.
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INTRODUCTION

 Obstructive sleep apnea (OSA) is a common disease that requires 
long-term care. Main features include:

● Obstructive apneas, hypopneas, and respiratory effort related 
arousals

● Daytime symptoms attributable to disrupted sleep, like sleepiness, 
fatigue, and poor concentration

● Signs of disturbed sleep, like snoring, restlessness, and resuscita-
tive snorts

The prevalence of obstructive sleep apnea in the general population 
is around 20 to 30% in men les and 10 to 15% in women if it is defined 
as an apnea-hypopnea index greater than 5 events per hour. When 
defined as an apnea-hypopnea index ≥ 5 events per hour accompanied 
by at least 1 symptom or sign of obstructive sleep apnea, the prevalence 
is about 15 percent in men and 5 percent in women1-3).

Well-defined risk factors for obstructive sleep apnea are age, male 
gender, obesity, craniofacial abnormalities, and upper airway soft tissue 
abnormalities. Other risk factors are family history, smoking and nasal 
congestion4-7).

In-laboratory polysomnography is the standard study when obstruc-
tive sleep apnea is suspected. Home sleep apnea testing is an acceptable 

for patients who are strongly suspected of having obstructive sleep 
apnea and who do not have comorbidities that elevate the risk for other 
sleep related breathing disorders8).

The resulting autonomic, hemodynamic, inflammatory, and meta-
bolic effects of abnormal breathing and arousal may play a role in the 
pathogenesis of cardiovascular diseases9).

Obstructive sleep apnea is associated with a rise in sympathetic 
activity throughout sleep, which in turn impacts heart rate and blood 
pressure10). 

Echocardiography is an important tool to diagnose diastolic dys-
function. Diastolic function is classified by Doppler criteria including 
mitral inflow velocities, tissue Doppler mitral annular motion, and pul-
monary venous inflow velocities11,12).

AIM  OF  THE  STUDY

 Assess the prevalence of diastolic dysfunction in patients with 
obstructive sleep apnea and the association between the diastolic func-
tion and the severity of obstructive sleep apnea (OSA).
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PATIENTS  AND  METHODS

Patients
The study designed as a cross sectional study. From December 2018 

to October 2019, fifty patients with newly diagnosed obstructive sleep 
apnea were recruited to be followed up in specialized center in 
Baghdad, Iraq. Informed verbal consent had been taken from all sub-
jects.

Inclusion criterion
Newly diagnosed obstructive sleep apnea 

Exclusion criteria
● Known cases of obstructive sleep apnea ( in an effort to avoid dif-

ferences in OSA duration)
● Known cases of central sleep apnea
● Suspected mild OSA or complicated OSA
● Known Heart failure with preserved ejection fraction
● Asymptomatic reduced left ventricular Ejection Fraction (EF) less 

than 50%
● Known Heart failure with reduced ejection fraction
● Recent myocardial infarction
● History of coronary artery disease or electrocardiographic changes 

suggestive of myocardial infarction
● Atrial fibrillation
● Moderate to severe valvular heart diseases
● Inability to consent

Sleep study
Detailed history had been taken from patients including smoking 

history, the presence of hypertension and diabetes mellitus in addition to 
physical exam including Body Mass Index (BMI), systolic and diastolic 
blood pressure (BP).

Daytime sleepiness, distinct from fatigue, is a common feature of 
OSA. Sleepiness is the failure to keep on completely wakeful or alert 
throughout the wakefulness part of the sleep-wake cycle, though fatigue 
is a subjective absence of physical or mental energy that is supposed by 
the patient or caregiver to interfere with normal and desired activities13). 
It is often uncertain whether a complaint of day sleepiness signifies true 
sleepiness or fatigue. So, the Epworth Sleepiness Scale (ESS) to quanti-
tatively ascertain the awareness of sleepiness was used14,15).For patients 
with suspected mild OSA or complicated OSA and patients with sus-
pected OSA who have mission-critical jobs, it is recommend full-night 
or split-night, attended, in-laboratory polysomnography rather than 
home testing; so, these patients excluded from recruitment.

For patients in whom there is a high likelihood of moderate or 
severe uncomplicated OSA and who have no comorbidities (eg, signifi-

cant cardiorespiratory disease) or other suspected sleep-related breath-
ing disorders (eg narcolepsy), unattended, in-home portable monitoring 
with a technically adequate HSAT device was done1,16). Risk of moderate 
to severe OSA is estimated by the occurrence of daytime hypersomno-
lence and at least two of the other three criteria: habitual loud snoring, 
witnessed apnea or gasping/choking, or diagnosed hypertension.

Disease Spectrum17)

Mild --- an AHI between 5 and 15 respiratory events per hour of 
sleep. 

Moderate --- an AHI between 15 and 30 respiratory events per hour 
of sleep. 

Severe --- an AHI greater than 30 respiratory events per hour of 
sleep and/or an oxyhemoglobin saturation below 90 percent for more 
than 20 percent of the total sleep time.

Echocardiography
Patients with LVEF ≥ 50 percent can have normal or abnormal dia-

stolic function. To determine whether diastolic dysfunction is present, 
Algorithm for diagnosis of LV diastolic dysfunction in subjects with 
normal LVEF was used as described in the 2016 American Society of 
Echocardiography and European Association of Cardiovascular Imaging 
guidelines18) 

Diastolic dysfunction can be graded from mild (grade I) to severe 
(grade III) with increasing likelihood of symptomatic heart failure and 
worse prognosis with higher grade dysfunction18,19). 

Statistical Analysis
The data presented as mean ± SD unless otherwise stated. 

Comparisons between patients with and without diastolic dysfunction 
relative to age, gender, hypertension, diabetes mellitus, and severity of 
OSA were performed by Chi-square and unpaired t tests. For qualitative 
data, Fisher's Exact Test was used when expected p value was < 5. A p 
value of < 0.05 was used to indicate differences between the groups that 
were statistically significant. Data analysis was performed with a com-
mercially available statistical analysis software package (SPSS 25.0 for 
Windows; SPSS; Chicago, IL).

RESULTS

Fifty consecutive patients were included; the median age is 45 
years. Most patients (n = 37, 74%) were male, thirty-six (72%) patients 
were hypertensive. As an inclusion criterion, all patients had OSA; none 
were already treated for OSA. The Mean BMI was 29 kg/m2. Fifteen 
patients (30%) were current smokers. These baseline clinical character-
istics are shown in Table 1

The mean AHI was 33 ± 12 events/hour and most patients had 
severe OSA, with AHI > 30 events/hour (n = 26, 52%). All of them had 
a sinus rhythm. The mean ESS is 13 ± 5 and the mean of minimum 
SpO2 is 85% ± 6.

ESS and Sleep study findings are shown in Table 2

Diastolic dysfunction is common in these OSA patients with a prev-
alence of 72% (n = 36 patients). Comparing the patients with and with-
out diastolic dysfunction regarding baseline characteristics shows that 
only hypertension is significantly associated with diastolic dysfunction 
(p-value 0.004) with no significant association with age, gender, diabe-
tes mellitus, BMI and smoking status as shown in Table 3.

Comparing diastolic dysfunction grade with the AHI, OSA severity 

Table 1. Baseline characteristics
Age (years), median 45

Gender, Number (%) Male 37 (74%)

 Female 13 (26%)

Hypertension, Number (%) Yes 36 (72%)

 No 14 (28%)

Diabetes mellitus, Number (%) Yes 13 (26%)

 No 37 (74%)

Smoker, Number (%) Yes 15 (30%)

 No 35 (70%)

BMI (kg/m2), Mean 29

Systolic BP (mmHg), Mean 139

Diastolic BP (mmHg), Mean 80

Heart Rate (bpm), Mean 77

LV Ejection Fraction (%), Mean 60

Table 2. ESS and Sleep study findings
 Epworth Sleepiness Scale, Mean ± SD 13 ± 5

 AHI (events/hour), Mean ± SD  33 ± 12

  Mild 5 (10%)

OSA Severity, Number (% from total) Moderate 19 (38%)

 Severe 26 (52%)

 Minimum SpO2, Mean % ± SD  85 ± 6
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and Minimum SpO2 shows that diastolic dysfunction grade has signifi-
cant association with all of them (p-value 0.000 for AHI, 0.028 for OSA 
severity and 0.000 for Minimum SpO2) as shown in Table 4.

With increasing severity of OSA, there is increase in diastolic dys-
function grade as shown in Figure 1.

With increasing AHI and decreasing minimum SpO2, there is 
increase in diastolic dysfunction grade as shown in Figure 2. 

DISCUSSION

 The reported prevalence of diastolic dysfunction among OSA 
patients varies from 23% to 56%, depending on the sample size and the 
method of diastolic dysfunction assessment. Our study shows even 
higher prevalence of 72 %.

In a study done by Wachter et al20), the prevalence of diastolic dys-
function increasing with the severity of sleep apnea from 44.8% (none) 
to 56.8% (mild) to 69.7% (moderate-to-severe sleep apnea) (p-value = 
0.002). The severity of diastolic dysfunction similarly increasing with 
sleep apnea severity (p-value = 0.004).

In a study done by Fung et al21), An abnormal relaxation pattern 
(ARP) in diastole was present in 36.8% of patients. Older age (52.7 ± 
8.9 years versus 45.1 ± 11.3 years, p-value = 0.005), hypertension (56% 
versus 20%, p-value = 0.002), and a less minimum pulse oximetric satu-

ration (SpO2) throughout sleep (70.5 ± 17.9% versus 78.8 ± 12.9%, 
respectively; p-value = 0.049) were more common in patients with 
abnormal relaxation pattern (ARP). 

In a study done by Bodez et al22), they evaluate LV diastolic dys-
function by a standardized approach, not just by isolated diastolic func-
tion parameters, like our study. Most patients were hypertensive 
(78.7%) like our study and already receiving treatment by continuous 
positive airway pressure 84.5% unlike our study which exclude them. 

In a study done by Kim et al23), only early diastolic velocity was sig-
nificantly reduced in the severe obstructive sleep apnea. 

In a study done by Danica et al24), the E/A ratio and the peak E wave 
at mitral flow were significantly lower and the peak A wave at mitral 
flow was significantly higher in OSA patients compared with control 
subjects. 

Usui et al25) found that the E/A ratio and Ea in the severe OSA group 
(AHI ≥ 30/h) was significantly lower than those in the mild to moderate 
OSA group (AHI < 30/h) (P < 0.0001).

Our study show a dose-response relationship between severity of 
diastolic dysfunction and severity of OSA in agreement with many stud-
ies done by Kraiczi et al26), Shivalkar et al27) and Chan et al28). However, 
they did not use the same variables to characterize diastolic function or 
the severity of OSA. Two studies by Kraiczi et al26) and Chan et al28) 
reported that lower minimum arterial oxygen saturation, but not AHI, 
was associated with the E/A ratio and a prolonged IVRT while our study 
show that both associated with severity of diastolic dysfunction.

In disagreement with our study, LV diastolic dysfunction was 

Table 3. Comparison of baseline characteristics of OSA Patients with and without Diastolic Dysfunction
  No Diastolic dysfunction Diastolic dysfunction p-Value

Age (years), Median  46 45 0.433

Gender, Number (% from total) Male 11 (22%) 26 (52%) 0.646

 Female 3 (6%) 10 (20%) 

Hypertension, Number (% from total) Yes 6 (12%) 30 (60%) 0.004

 No 8 (16%) 6 (12%) 

Diabetes mellitus, Number (% from total) Yes 3 (6%) 10 (20%) 0.646

 No 11 (22%) 26 (52%) 

BMI (kg/m2), Mean  28 30 0.433

Smoker, Number (% from total) Yes 4 (8%) 11 (22%) 0.891

 No 10 (20%) 25 (50%)

Table 4. Patient characteristics according to diastolic dysfunction grade
  Diastolic dysfunction Grade  p-Value

  Grade 1 Grade 2 Grade 3 

AHI (events/hour), Mean  26 38 47 0.000

 Mild 2 (4%) 0 (0%) 0 (0%) 

OSA Severity, Number (% from total) Moderate 8 (16%) 5 (10%) 1 (2%) 0.028

 Severe 3 (6%) 13 (26%) 5 (10%) 

Minimum SpO2 (%), Mean  88 84 77 0.000

Figure 1. Bar chart of OSA severity by diastolic dysfunction 
grade

Figure 2. mean of AHI (events/hour) and mean of minimum SpO2 
(%) by diastolic dysfunction grade
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observed in OSA patients more in older age as shown in a study done by 
Baguet et al29), higher BMI as shown in a study done by Koga et al30) 

which may be explained by the differences in patients age as the 
patients in our study were younger and their number were smaller.
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