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ABSTRACT

Introduction: Obstructive sleep apnea (OSA) has been a major subject of interest
in medical science for the past 50 years. It is also a major cause of death and disability, 
and the most common pathologic cause of daytime sleepiness. Currently, the gold 
standard for the diagnosis of OSA is polysomnography, but researchers have long 
sought easier and more affordable alternative methods for the diagnosis of this 
condition. This study aimed to determine whether the results of the Epworth 
Sleepiness Scale (ESS) and the Berlin Questionnaire (BQ) are accurate enough to be 
recommended as alternatives to polysomnography. Materials and Methods: This 
descriptive-analytical study was performed on 90 patients with suspected OSA at 
Farrokhi hospital, Yazd, Iran. ESS and BQ were filled by the patients, and data was 
analyzed by ANOVA, chi-square test, and Fisher’s exact test SPSS ver.17. Results: 
Of the 90 patients being studied, 69 (76.6%) were male and 21 (23.3%) female. The 
mean age of patients was 48±12.4 years, mean BMI 31.5±5.6 kg/m2, mean neck 
circumference 40.8±5.1 cm, mean abdominal circumference 107.2±12.7 cm, mean 
night spo2 (peripheral oxygen saturation) 89.6±5.5, mean desaturation index 
33.1±23.7, and mean total snoring duration 34.3±22.3. Also, the mean ESS score and 
AHI of the patients were 10.6±5.6 and 30.3±23.5, respectively. Conclusion: The 
results suggested that if used appropriately, and in combination with clinical 
evidence, ESS and BQ can serve as effective instruments for screening patients who 
need further examination with polysomnography.

INTRODUCTION
Sleep Disordered Breathing (SDB) refers to a group of disor-
ders characterized by recurrent apnea and gas exchange defects 
during sleep, which cross-sectional studies have shown to be 
very common in many populations. Approximately 2% of the 
general population are eligible to receive conventional SDB 
treatments for reasons such as excessive daytime sleepiness, 
cardiac disorders, and cognitive impairments (1 ,2 ). The most
common form of SDB is Obstructive Sleep Apnea (OSA). For 
the past 50 years, OSA has been a major subject of interest in 
medical science and has been recognized as a strong predictor 
of cardiovascular diseases (3). The prevalence of OSA in Iran is 
reported to be 27.3%. Apnea is defined as a complete cessation 
of airflow for a minimum of 10 seconds. The prevalence of this 
disorder is 24% in men and 9% in women, with higher rates in 
elderly population and smokers (4). Sleep is not a monotonous 
phenomenon, and consists of two major states: non-rapid eye 
movement (NREM) sleep also known as quiescent sleep, and 
rapid eye movement (REM) sleep also known as active sleep. 

NREM sleep itself consists of four stages, with higher stag-
es representing deeper sleep; the deepest stage is called Slow 
Wave Sleep (SWS). During REM sleep, dreaming begins and 
the cerebral metabolic activity and CNS-induced movements 
intensify. However, this is accompanied by the inhibition of 
sensory signals sent from these centers to the muscles. In nor-
mal sleep, the person undergoes multiple repeating cycles of 
NREM and REM stages. In a typical 90-120 minute NREM-
REM cycle, the person experiences 10 to 20 minutes of stable 
REM sleep. In NREM sleep, the elimination of the arousal/
awakening effect on respiratory action and the reduced sensi-
tivity of chemoreceptors lead to reduced respiratory drive. As 
a result, during the early phases of sleep, fluctuations between 
wakefulness and sleep in the CNS make a person susceptible 
to periodic breathing. Such breathing may involve short peri-
ods of apnea (Cheyne-Stokes respiration) (5). Normally, during 
NREM sleep, the body goes into a state of decreased sympa-
thetic tone and increased parasympathetic tone, which results in 
a decreased heart rate, blood pressure, cardiac output, and auto-
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nomic nerve activity. This also reduces the burden on the heart 
muscle and the oxygen demand of the body. During temporary 
or spontaneous awakening, the body experiences a sudden in-
crease in sympathetic tone, pulse rate, and blood pressure, and 
a decrease in parasympathetic tone (the opposite of what occurs 
when going into sleep). In contrast, complete awakening is ac-
companied by a gradual increase in sympathetic tone without 
parasympathetic inhibition (6).
People may experience central or obstructive apnea at the on-
set or during REM stages without having any clinical problem. 
These episodes of apnea usually last less than 15 seconds and 
do not recur. Sometimes they can even go on for 30 seconds or 
more without causing a major problem. However, they are not 
accompanied by noticeable changes during sleep or after wak-
ing up. Although normal in childhood, SDB is more common 
in older people after the age of 60. The difference between sleep 
apnea in normal people and those with SDB is that the latter 
group has an Apnea-Hypopnea Index (AHI) more than five. Al-
though AHI=5 serves as a general threshold for distinguishing 
between normal and abnormal sleep apnea, many people with 
higher AHIs may have no symptoms or complaints. Neverthe-
less, the definition of SDB is based on this index. An individ-
ual with an AHI>5 is more likely to experience cardiovascular 
complications such as hypertension and daytime sleepiness. 
These people are also more likely to have accidents and de-
velop more severe disabilities than others (7). The current gold 
standard for the diagnosis of OSA is polysomnography. Poly-
somnography is a supervised test involving the monitoring of 
EEG, ECG, EOG (to determine the sleep stage), breathing (by 
nasal pressure transducer or thermistor), abdominal and chest 
wall movements, body posture, tibialis anterior EMG, oxygen 
saturation (by an oximeter), and snoring. Overnight polysom-
nography is routinely used to diagnose OSA in patients sus-
pected to be suffering from this condition. It is not recommend-
ed to use oximetry alone for the diagnosis of OSA. It is also 
preferable to monitor nasal pressure changes during inhalation 
and exhalation than using a thermistor to detect changes in the 
airflow (8).
Irregular breathing during sleep without daytime sleepiness is 
very common and occurs in one out of every four middle-aged 
men. But since this condition has no clinical symptoms, it does 
not qualify as OSA, and there is currently no evidence indi-
cating its negative effects on a person’s health. The difficulty 
of the differential diagnosis of OSA highlights the importance 
of proper diagnosis and treatment of this condition. Currently, 
the standard method for the diagnosis of OSA is polysomnog-
raphy, but since this method is both expensive and time-con-
suming and also requires hospitalization, many researchers 
have attempted to find easier and less expensive alternatives. 
So far, these efforts have resulted in the development of two 
instruments known as the Epworth Sleepiness Scale (ESS) 
and the Berlin Questionnaire (BQ) (9). Both instruments facil-
itate the diagnosis through a detailed analysis of the patient’s 
medical history, but there have been contradictory reports re-
garding their accuracy (10). Given the importance of access 
to affordable and easy OSA diagnostic methods in developing 
countries like Iran, the present study investigated the results 
of ESS and BQ in Iranian OSA patients to determine whether 
they are accurate enough to be recommended as alternatives 

to polysomnography.

MATERIALS AND METHODS
This research is a cross-sectional descriptive-analytical 
study, and 90 patients were selected to participate. The study 
was performed on the population of patients who had re-
cently been referred to the occupational medicine clinic of 
Farrokhi hospital in Yazd, Iran, for sleep disturbances or 
daytime sleepiness.
The patients were selected by a simple random sampling 
from among the population of patients who had been referred 
to the occupational medicine clinic of Farrokhi hospital for 
sleep tests from February 2013 to August 2014. All patients 
were willing and able to participate in the study and signed a 
written consent form. The patients who were not cooperative 
in the completion of the questionnaires were excluded.

Demographic Characteristics of Participants
Demographic characteristics and medical information of the 
participants including the diagnostic information, history of 
disease and treatment, and history of medication and smok-
ing were obtained from their medical files. Anthropometric 
data including height, weight, neck circumference and BMI 
were measured by a tape measure and a medical scale. The 
neck circumference was measured from the middle of the 
neck and over the thyroid cartilage.

Epworth Sleepiness Scale (ESS) and Berlin 
Questionnaire (BQ)
Epworth Sleepiness Scale (ESS) and Berlin Questionnaire 
(BQ) were completed through interviews with patients with 
the assistance of an internal medicine specialist. The ESS 
questionnaire, which is self-administered, has eight items 
that rate a person’s likelihood of dozing off in daily situ-
ations. An ESS score of more than 10 indicates daytime 
sleepiness and higher values represent increased severity 
of sleepiness. This validated questionnaire has a high level 
of internal consistency (α Cronbach, 0.88) (11). The Ber-
lin Questionnaire was filled based on a conference on sleep 
in primary care, consisting of  one introductory question, 4 
questions about snoring, 3 questions on daytime sleepiness, 
one sub-question about sleepiness behind the wheel (i.e., 
while driving a motor vehicle), and a question on history of 
high blood pressure (12).

Data Analysis
The data collected by the questionnaires was analyzed by 
SPSS software ver.17 with the assistance of a statistic expert. 
This analysis involved tabulating the results and conducting 
ANOVA, chi-square test, and Fisher’s exact test with P-val-
ue<0.05 (considered statistically significant).

RESULTS
A total of 90 patients who were referred to the occupation-
al medicine clinic of Farrokhi hospital were studied. The 
mean age of these patients was 48±12.4 years with an age 
range of 24-82 years. Of the 90 patients under study, 69 were 
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male (76.6%) and 21 were female (23.3%). The mean BMI, 
neck circumference, and abdominal circumference of the pa-
tients were 31.5±5.6 kg/m2 with a range of 21.7-49.1 kg/m2, 
40.8±5.8 cm with a range of 27-69 cm, and 107.2±12.7 cm 
with a range of 80-146 cm, respectively. Also, the mean ESS 
score and the AHI of the patients was 10.5±5.6 with a range of 
0-24, and 30.3+23.5 with a range of 0.06-91.1, respectively.
As shown in Table 1, out of 90 patients, 48 patients, including 
36 men (40%) and 12 women (13.3%) had no daytime sleep-
iness, 20 patients including 17 men (18.8%) and 3 women 
(13.3%) had mild to moderate daytime sleepiness, and 22 
patients including 16 men (17.7%) and 6 women (6.6%) had 
severe daytime sleepiness based on their ESS scores. The 
chi-square test showed a statistically significant relationship 
between the severity of daytime sleepiness based on ESS 
and the severity of OSA (P=0.279).
The chi-square test also showed a statistically significant re-
lationship between the severity of OSA and the risk class 
(determined based on the Berlin questionnaire) (P=0.042), 
meaning that people who were categorized as high risk were 
more likely to be suffering from more severe forms of OSA.
Using the Berlin questionnaire, out of 90 patients, 24 pa-
tients (26.7%) including 19 men (79%) and 5 women (21%) 
were categorized as low-risk and 66 patients including 51 
men (77.2%) and 15 women (22.7%) were categorized as 
high-risk. The chi-square test showed no significant relation-
ship between the sleep condition based on ESS and the risk 
of having OSA based on the Berlin questionnaire (P=0.219).
As shown in Table 2, ANOVA demonstrated a statistically 
significant relationship between the sleepiness condition 
based on ESS and the mean night spo2 (P=0.04).Using 
ANOVA, a statistically significant relationship was also 
found between the sleepiness condition based on ESS and 
the desaturation index (P=0.01). However, ANOVA showed 
no significant relationship between the sleep condition based 
on ESS and the total duration of snoring (P=0.063).
As the results in Table 3 depict, from ANOVA, a statisti-
cally significant relationship was found between the risk of 
OSA (based on BQ) and the mean night spo2 (P=0.03). This 
means that the probability of having OSA (based on BQ) 
is statistically related to the mean nocturnal SpO2. ANOVA 
also showed a significant relationship between the risk of 
OSA (based on BQ) and the desaturation index (P=0.04).
Using the same ANOVA, no significant relationship was 
found between the risk of OSA and the total snoring du-
ration (P=0.3) and no significant relationship between the 
mean snoring duration and the severity of daytime sleepi-
ness (according to ESS) was found as well (P=0.013).The 
relationship between the mean desaturation index of the 
samples and the severity of sleepiness (according to ESS) 
was also assessed by ANOVA, which indicated a statistically 
significant relationship (P=0.033).
As demonstrated in Table 4, ANOVA showed a statistical-
ly significant relationship between the mean night SpO2 of 
the samples and the severity of sleepiness according to ESS 
(P=0.016).
As can be seen in Table 5, using ANOVA, a significant rela-
tionship was found between the mean neck circumference of 
the samples and the severity of OSA (P=0.027). This means 

that people with a thicker neck were more likely to have 
OSA and may have more severe episodes than people with 
a thinner neck. With ANOVA, no significant relationship 
was found between the mean BMI in the samples and the 
severity of OSA (P=0.217), meaning that higher BMI did not 
increase the risk of having OSA or developing more severe 
forms of this condition.
The relationship between the severity of sleepiness (based 
on ESS) and the person’s OSA risk (according to BQ) was 
assessed by the chi-square test, which showed no significant 
relationship between these two variables (P=0.26). In other 
words, there was no statistically significant relationship be-
tween the ESS’s evaluation of daytime sleepiness and the 
BQ’s evaluation of the risk of OSA.
ANOVA showed no significant relationship between the 
mean abdominal circumference of the samples and the se-
verity of OSA (P=0.066). This suggests that abdominal obe-
sity does not increase the risk of having OSA or developing 
more severe forms of this condition.

DISCUSSION
In a study carried out by Chikka Bellandur et al. (2011) on 
122 OSA patients in India, BQ score was correlated with 
AHI, O2 saturation, and O2 desaturation, but there was no 
correlation between this score and the duration of snoring. In 
this study, the BQ score was significantly related to AHI in 
all patients, and its ability to predict AHI was similar to PSG. 
Therefore, it was concluded that BQ is an effective tool for 
diagnosing patients who are likely to have OSA, and screen-
ing patients who are to be referred to PSG. Another finding 
in this study was that OSA is strongly influenced not only by 
weight gain but also by pattern of fat distribution in the body 
(11). The findings of the present study confirm these results.
In a study conducted by Edward et al. (2005) on 31 obese 
middle-aged American patients, of whom 97% were male, 
there was a weak relationship between PSG parameters, es-
pecially AHI, and the ESS scores (12). The present study 
also observed a weak relationship between the aforemen-
tioned parameters.
A study by LUXP et al. (2011) on 90 OSA patients in China 
reported that BQ is of little value for screening patients with 
OSA. Also, BQ scores were not correlated with the severity 
of OSA in Chinese patients (13). These findings are incon-
sistent with the results of the present study, which showed 
that BQ scores are accurate enough to be used in screening 
patients.
In a study by Sean Hesselbacher et al. (2012) on 2121 OSA 
patients in the United States, they concluded that ESS is of 
some value for diagnosing sleep apnea but its results can 
be influenced by various factors such as age, gender, body 
shape and race, and cannot serve as the sole measure for the 
diagnosis and screening of OSA in the absence of other clin-
ical evidence (14). The present study also reached a similar 
conclusion.
A study carried out by Hamdy Ali Mahmoud et al. (2013) 
on 180 asthmatic patients with COPD and CAD in Egypt 
reported that BQ was completely reliable in determining 
the patients that needed further examinations following the 
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completion of ESS (15). These findings are in coherence 
with the results of the present study.
In a study performed by Sevinc Sarin et al. (2013) on 1375 
patients referred for PSG in Turkey, it was concluded that 
BQ is a poor predictor of OSA (16), which is inconsistent 
with the conclusion of the present study.
In the study conducted by G.J. Gibson et al. (2005) on 120 
OSA patients in the UK, a clear association was observed 
between ESS score and AHI. The ESS score was not consis-
tent with sleepiness in several patients. To explain this find-
ing, it was argued that some patients may deny being sleepy, 
be untruthful in their responses, or misunderstand the mean-
ing of sleepiness. They recommended that the questionnaire 
should be completed in the presence of the patient’s spouse 
to reduce such errors (17). The second part of these findings 
is consistent with the results obtained in the present study.
Khosrow Sadeghniat et al. (2011) carried out a study on 126 
OSA patients in Iran and observed    that the patients with 
daytime sleepiness had higher AHI and lower nocturnal ox-
ygen saturation than patients without sleepiness. They also 
found a significant relationship between excessive sleepi-
ness, and BMI and neck circumference (18). In the present 
study, no significant relationship was noted between AHI 
and the severity of daytime sleepiness, but a significant rela-
tionship was observed between nocturnal oxygen saturation 
and AHI.

CONCLUSION
Despite the fact that no significant relationship was found be-
tween the ESS score and AHI, this score showed a significant 
relationship with other indices such as mean night SpO2 and 
desaturation index. All of these indices also had a significant 
relationship with the BQ score. While previous studies on the 
accuracy of ESS and BQ have reported conflicting results, the 
findings of this study suggest that if used properly and in com-
bination with clinical evidence, these questionnaires can serve 
as effective instruments for screening in order to identify pa-
tients who need further examination with PSG.
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