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Does obstructive sleep apnea correlate with Epworth Sleepiness
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Abstract Various demographic and clinical predictors

attributing to the severity of obstructive sleep apnea (OSA)

in Indian subjects have not been extensively studied.

Therefore, we aimed to study the various demographic,

clinical and other predictors, if any, to corroborate the

severity of OSA in the Indian population. We also vali-

dated the Epworth Sleepiness Scale (ESS) in the South

Indian population, thereby assessing its utility in measuring

excessive day time sleepiness (EDS) in this population

which has not hitherto been performed. We recruited 145

consecutive subjects with polysomnography (PSG)-proven

OSA attending our Comprehensive Sleep Disorder Clinic.

Their demographic and clinical details were extracted

using a standard proforma and EDS was assessed using

ESS. We observed that EDS assessed by ESS positively

correlated with the severity of OSA, and increasing body

mass index (BMI) but not with age. We also noted that men

were more prone to severe OSA than females. When

individual questions of ESS were analyzed, only 3 out of 8

were able to strongly differentiate mild-to-moderate OSA

from the severe group. We concluded that, severity of OSA

correlated well with ESS, but not with age and BMI in

Indian population and ESS could be a good indicator to

assess the severity of EDS.

Keywords Obstructive sleep apnea � Epworth Sleepiness
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Introduction

Epidemiological studies have suggested a high prevalence

of undiagnosed sleep disordered breathing (SDB) in mid-

dle-aged population [1–4]. Few such studies from India

have shown similar results with prevalence of obstructive

sleep apnea (OSA) (AHI[ 5/h) ranging from 3.5 to 13.7%

and OSA along with excessive daytime somnolence (EDS)

ranging from 1.7 to 3.6% [5, 6].

SDB is characterized by airway collapse leading to

varying consequences of increased upper airway resistance

manifested as loud snoring, hypopneas and apneas with

desaturations in sleep [1]. Overnight supervised

polysomnography (PSG) is the gold standard for diagnos-

ing OSA [7]. However, the cost factor and limited avail-

ability of trained sleep technologists in India prohibits its

timely use in all patients with suspected SDB. Demo-

graphic and clinical variables like male gender, habitual

snoring and obesity are known to have consistent associ-

ations with OSA in population-based studies across the

world, while EDS has been found to have a variable

association [8]. EDS is a serious consequence of SDB,

which imposes a substantial burden on the quality of life of

the sufferer. It can be measured using different scales, of

which, the most widely used one is Epworth Sleepiness

Score (ESS) with a cut-off values C11 considered as crit-

ical [10]. Therefore, it is important to examine the severity

and the predictors of OSA using a low-cost methodology in

an Indian population to detect problems related to the SDB.

In this study, we sought to examine the association between
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EDS, gender, age and BMI with the severity of OSA in a

South Indian cohort. We also analyzed the responses to

individual questions in ESS on the severity of OSA.

Materials and methods

Consecutive patients attending our sleep clinic with

PSG-proven OSA (AHI[ 5 events/h) were recruited for

the study. The study was conducted at the Comprehen-

sive Centre for Sleep Disorders, Department of Neurol-

ogy, Sree Chitra Tirunal Institute for Medical Sciences

and Technology, Trivandrum, a tertiary referral center

for neurological and cardiovascular disorders in South

India from 2009 to 2011. After obtaining the informed

consent, the demographic details, height, weight and

body mass index (BMI) were collected using a structured

proforma. Obesity was defined as per International

Obesity task force (IOTF) Asia Pacific perspective as

BMI C25 kg/m2 [2, 9]. All the patients had their EDS

assessed using a vernacular translation of Epworth

Sleepiness Scale (ESS) and a score [11 was taken as

significant [10]. All subjects were screened for depres-

sion and any other psychiatric illness which can also

cause EDS, by a psychiatrist with special expertise in

treating sleep disorders. All patients who were on any

sedatives or sleep-inducing drugs, disorders like

hypothyroidism or any neurologic or other non-neuro-

logic disorder which could account for EDS were

excluded after a thorough evaluation.

Patients underwent overnight PSG in the sleep labora-

tory using the BIO-LOGIC System (Heinen und Löwen-

stein, Bad Ems, Germany). Nocturnal PSG consisted

of electroencephalography (EEG), electrooculography

(EOG), submental and tibialis anterior electromyography

(EMG), oral–nasal airflow measurement using nasal ther-

mistor, chest and abdominal belts, snore microphone,

plethysmography and oxygen saturation by pulse oximetry.

The sleep-related respiratory parameters were manually

analyzed by physicians (AR/SES/PA) specialized in sleep

medicine, in accordance with the ICSD-2 guidelines [11].

‘‘Obstructive apnea’’ was defined as the cessation of air-

flow through the nostrils and oral cavity for at least 10 s,

with continued respiratory efforts. ‘‘Hypopnea’’ was

defined as the reduction of airflow during sleep by at least

30% for 10 s or more, with a 4% decrease in oxygen sat-

uration. The apnea-hypopnea index is the number of apneic

or hypopneic episodes occurring during 1 h of sleep.

Individuals with an apnea-hypopnea index (AHI) greater

than 5 were defined as having OSA. An AHI of 5–15

indicated mild OSA, 16–30 moderate OSA and[30 severe

OSA.

Statistical analysis

Statistical analysis was performed using SPSS package

version 17 (SPSS Inc, Illinois, Chicago). Unpaired t test

and Chi-square test were used to test observed differences

in quantitative and categorical variables, respectively. The

Kruskal–Wallis test was used to compare the ESS scores at

various levels of severity of OSA. As all variable distri-

butions were not normal, Spearman’s rank correlation

coefficients were used to explore linear dependence

between ranked quantitative variables. Variables were

considered for multivariate modeling if p\ 0.1 in uni-

variate analysis. Binary logistic regression analysis was

employed to test for independent association of selected

variables with severe OSA. The adjusted odds ratios and

95% confidence intervals (OR, 95% CI) depicted are

prevalence odds ratios and may accurately predict exis-

tence of risk rather than actual quantification of the risk.

Since all the study subjects were patients, it is beyond the

scope of this study to measure the sensitivity and speci-

ficity of ESS scores for diagnosis of OSA. However, a

receiver operating characteristic (ROC) curve analysis was

attempted to explore the ability of ESS scores at various

levels to correctly predict severe OSA. Chi-square tests or

Fisher exact tests were used to compare responses to each

question of the ESS made by patients with severe OSA

with corresponding responses of those with mild-to-mod-

erate OSA.

Results

145 consecutive patients attending the sleep clinic, with

PSG proved OSA of varying severity formed the cohort for

our study. We had 47 patients with mild OSA, 40 with

moderate OSA and 58 with severe OSA in our study. Our

study cohort were middle-aged persons (51.7 ± 13.3

years), predominantly male population (M:F = 112:33).

The overall prevalence of obesity was very high. The mean

BMI was marginally higher in severe OSA group

(29.3 ± 4.3) when compared with the mild and moderate

group (28.1 ± 5.4), but it did not reach statistical signifi-

cance (Table 1). However, ESS was higher in patients with

OSA of all severity. Mean ESS scores increased with the

severity of OSA and the association was statistically sig-

nificant (p = 0.004).

Increasing age was significantly associated with higher

BMI (p = 0.019), but not with higher ESS values

(p = 0.19) or severity of OSA (p = 0.78). Though, we

observed a positive correlation between BMI and ESS

scores (p\ 0.068), BMI and AHI (p\ 0.084), it did not

reach statistical significance (Table 2). On performing
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simple linear regression analysis, ESS score and AHI index

were found to be linearly related with a R2 = 0.083

(Fig. 1). While females were protected (adjusted OR 9.243,

95% CI 2.571–33.229), a unit increase of ESS score

increased the risk of severe OSA (adjusted OR 1.088, 95%

CI 1.011–1.171). Rather than a unit increase in BMI, being

overweight/obese increased the risk of severe OSA (ad-

justed OR 3.063, 95% CI 1.264–7.421) (Table 3).

The receiver operating characteristic curve (ROC) curve

analysis for correct prediction of severe OSA yielded an

area under the curve of 0.632 (p = 0.008; 95% CI

0.54–0.73) and an ESS score of over 15.5 had 60.4%

sensitivity and 60.9% specificity in predicting severe cases

(Fig. 2). Table 4 shows the cut-off values of ESS and their

respective sensitivity and specificity along with positive

and negative predictive values.

While analyzing responses to individual questions in

ESS, the questions on dozing off while ‘‘sitting and read-

ing’’, ‘‘sitting inactive in a public place’’ and ‘‘sitting

quietly after a lunch without alcohol’’ elicited significantly

higher proportions of positive responses from subjects with

severe OSA as compared to those with mild-to-moderate

OSA. Ranked correlations of responses to individual

questions and severity (mild, moderate or severe) of OSA

were also done. The questions—‘‘sitting and reading’’

(p\ 0.001), ‘‘watching TV’’ (p = 0.002), ‘‘sitting quietly

after a lunch without alcohol’’ (p = 0.035) and ‘‘in a car,

Table 1 Baseline

characteristics of the study

cohort (N = 145)

Mild and moderate (AHI\ 30) Severe (AHI[ 30) p value

Age in years

Mean (SD) 51.7 (13.3) 50.7 (11.3) 0.64

Sex

Female 30 (90.9%) 3 (9.1%) \0.001*

Male 62 (55.4%) 50 (44.6%)

BMI category

Up to 25 kg/m2 31 (77.5%) 9 (22.5%) 0.03*

C25 kg/m2 61 (58.1%) 44 (41.9%)

BMI

Mean (SD) 28.1 (5.4) 29.3 (4.3) 0.12

ESS

Mean (SD) 13.47 (5.4) 16.04 (5.0) 0.005

N number of participants, SD standard deviation, BMI body mass index, ESS Epworth Sleepiness Scale

* Variables like sex and BMI categories are categorical variables and p value represent Chi-square test

Table 2 Correlations

(Spearman’s rho) between Age,

BMI, ESS score and AHI index

(N = 145)

Age (years) BMI (kg/m2) ESS score

Age (years) –

BMI (kg/m2) -0.195 (0.019)* –

ESS score -0.110 (0.190) 0.152 (0.068) –

AHI index (events/h) 0.023 (0.780) 0.144 (0.084) 0.326 (\0.001)*

N number of participants, BMI body mass index, ESS Epworth Sleepiness Scale, AHI apnea-hypopnea

index

* Correlation is significant at the 0.05 level (2-tailed). The variables in brackets indicate the p value

Fig. 1 Simple linear regression (with R2 = 0.083) of OSA severity

on ESS scores
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while stopping for a few minutes in traffic’’ (p = 0.047)

had statistically significant correlation coefficients. Neither

the cross-tabulations nor the rank correlations revealed any

significance for the questions ‘‘passenger in a car for an

hour without a break’’, and ‘‘lying down to rest in the

afternoon when circumstances permit’’ as shown in

Table 5.

Discussion

In this study, we analyzed the demographic and clinical

predictors of the severity of OSA in South Indian patients.

We had 145 subjects with OSA of varying severity, with

comparable baseline characteristics. We observed that

excessive day time sleepiness assessed by ESS was pos-

itively correlated with severity of OSA, and increasing

BMI but not with age. We also noted that men were more

prone to severe OSA than females. When individual

questions of ESS were analyzed, only 3 out of 8 were able

to strongly differentiate mild-to-moderate OSA from the

severe group. Our patients’ age group is comparable to

what is reported in various population-based studies

across the globe [1, 4, 12]. Most of the Western and

Indian studies have put a male-to-female prevalence ratio

of 2–3.7:1, which is comparable to our patient cohort

[1, 13]. However, some clinic-based studies have reported

8–10 times higher risk for OSA in males, which might be

a referral bias [14].

We could not find an association between age and

severity of OSA. Studies analyzing the impact of age on

OSA and its severity have yielded mixed results across the

world. A Swedish study found a higher risk of OSA in the

fifth decade, while a British study found a less robust

association of OSA with age [2, 15]. Bixler et al. reported

that increasing age had a significant association with OSA,

which has been found in other Asian studies as well

[3, 16, 17]. Interestingly, the same authors found a decrease

in severity of OSA with age [18]. Few Indian authors have

reported an association between increasing age and OSA,

but have not found any association with severity of OSA

[19]. We found that mean age of our study population was

Table 3 Multivariate binary logistic regression results with Cox and Snell’s r2 value of 0.183 and omnibus test of model coefficients of

p\ 0.001

B coefficient SE Wald statistic p value Adjusted odds ratio 95% CI for

adjusted odds

ratio

Lower Upper

Gender (male as compared to female) 2.224 0.653 11.604 0.001 9.243 2.571 33.229

Overweight (BMI C 25 as compared to BMI\ 25) 1.119 0.451 6.149 0.013 3.063 1.264 7.421

ESS score 0.085 0.038 5.075 0.024 1.088 1.011 1.171

Constant -4.502 0.942 22.829 0.000 0.011

Fig. 2 Receiver operating characteristic (ROC) curve for prediction

of severe OSA with ESS scores, area under the ROC curve 0.632

(95% CI = 0.54–0.73), p = 0.008

Table 4 The data showing cut-off values of ESS and the respective

sensitivities and specificities along with positive and negative pre-

dictive values

Cut-off value Sensitivity Specificity PPV NPV

6.5 1 0.12 0.396 1.000

10.5 0.811 0.326 0.409 0.750

11.5 0.736 0.37 0.402 0.709

12.5 0.698 0.413 0.407 0.704

15.5 0.604 0.609 0.471 0.727

PPV positive predictive value, NPV negative predictive value
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in the early 50s. Less number of older subjects in our study

group might have contributed to this result.

Our cohort of OSA comprising patients of all severity

(mild to moderate versus severe) had a mean BMI falling in

the range of obesity (as per Asian standards [20]) which had

a positive correlation with age. However, we failed to find a

positive correlation between increasing BMI and OSA

severity. That is, even though obesity increases the risk of

developing OSA, there was no linear relationship between

increasing BMI and severity of OSA in our population.

All the Western and Asian studies have found an inde-

pendent association between BMI and OSA. Udwadia et al.

reported a positive correlation of increasing BMI with

increasing severity of OSA [21]. A case control study from

Delhi reported higher BMI in cases, but their sample size

was small to correlate it with severity of OSA [22]. A

community-based study from Delhi reported BMI[25 as a

significant predictor of OSA [13]. But Sleep Heart Health

Study reported a less robust association between severity of

OSA and BMI [12]. They also observed that in older

patients, body habitus, snoring and other clinical parame-

ters were less effective in predicting OSA and its severity.

We found that only 3 of the questions of ESS had very

good independent discriminative power in differentiating

severity of OSA between subjects. Previous studies have

shown that the ESS is very effective in differentiating pure

snorers from snores with OSA [23]. In a review published

by Rosenthal et al. assessed the sensitivity of ESS in iden-

tification of OSA, and found fair discriminatory ability as a

screening tool for OSA [24]. However, the overall ESS

score in our study cohort had optimal discriminatory power

to differentiate between mild-to-moderate and severe OSA.

Rosenthal et al. also suggested a score C8 as a cut-off

among clinical populations being screened for sleep disor-

ders. Some other authors have also suggested a similar cut-

off for detecting EDS in elderly subjects [25, 26]. Reason

often cited is that[60% of subjects were not able to answer

at least one question of ESS. Zhang et al. used a modified

Chinese version of ESS where they omitted ‘‘question 8’’ on

‘‘driving’’ and included one more question—‘‘sleepiness

while working or studying in the late afternoon without post

lunch nap’’ and found that it correlated well not only with

OSA, but also could discriminate between OSA of variable

severity [27]. Another study in Chinese population found

that in patients with comparable BMI, OSA was more

severe in men [17]. We also found a protective effect of

female gender on OSA severity. Excessive daytime

sleepiness is a serious consequence of SDB, imposes a

substantial burden on the quality of life.

When ESS–AHI correlation was analyzed by several

authors, conflicting results were noted. Many authors could

not find a correlation between severity of OSA and ESS

score [28, 29]. They found a better association with noc-

turnal hypoxemia rather than AHI to EDS severity. But few

others found a very good correlation between EDS and

higher AHI [30]. Few Indian studies have found good

discriminative power of ESS for detecting OSA from

controls [21, 22]. But they did not assess its ability to

discriminate OSA of varying severity. Reddy et al. who

published a community-based study on OSA could not find

a correlation between OSA severity and EDS [13].

Our study on demographic and clinical predictors of

OSA is not without limitations. We did not have an age-

and gender-matched control group and hence could not

assess sensitivity and specificity of ESS in predicting OSA.

However, ESS was never intended as a screening tool for

OSA in general population, as EDS has umpteen number of

causes. We could not assess the impact of BMI on gender

effects due to the weaker strength of female subjects in our

study cohort with AHI[ 30 (n = 3). We did not extract

information on snoring and witnessed apneas which have

been shown to have consistent association with severe OSA

[4]. We did not study other polysomnography parameters

like nocturnal hypoxemia which also has been reported to

have an association with EDS [29]. Whether these clinical

and polysomnographic parameters would have probably

helped us predict OSA better in our population needs to be

studied further.

Despite these limitations, our study is one of its kind

from South India with a large sample size of 145 subjects.

Moreover, all the participants had undergone PSG and we

looked into predictors of severity of OSA based on PSG

Table 5 Correlations of

individual questions in Epworth

Sleepiness Scale with severity

of OSA

Spearman’s rho p value

Sitting and reading 0.324 \0.001

Watching TV 0.261 0.002

Sitting inactive in a public place 0.136 0.102

Passenger in a car for an hour without a break 0.074 0.375

Lying down to rest in the afternoon when circumstances permit 0.098 0.239

Sitting and talking to someone 0.149 0.074

Sitting quietly after a lunch without alcohol 0.175 0.035

In a car, while stopping for a few minutes in traffic 0.165 0.047
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results and the validation of ESS in our local population

were done. A similar validation of ESS to detect SDB in

Hindi speaking persons in North India, 115 were assessed

by the Hindi version of ESS and 95 further underwent PSG

also concluded that the Hindi version of the ESS had a

good internal consistency and a strong correlation with the

English version [31]. We too found that ESS is indeed a

useful tool to predict OSA severity in our population,

despite the fact that only 3 individual questions of the

8-point scale had a statistically significant correlation with

OSA severity. Even though majority of our patients were

obese, we could not find a significant difference in BMI

between mild-to-moderate versus severe OSA cohort.

Female gender was protective against severe OSA. Each

population should try to validate such universally accepted

scales which are often followed blindly in one’s own

population before one starts to apply it on our patients.
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