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Correlation between Excessive Daytime Sleepiness (EDS) and 
self-reported and objective nasal characteristics*

Background: The aim of the present study was to explore the relationship between excessive daytime sleepiness (EDS), Peak 

Nasal Inspiratory Flow (PNIF), and patient reported symptoms from the nose. 

Methology: Six hundred and fifty one consecutive patients referred to a hospital on suspicion of sleep related breathing disorder 

(SRBD) were included in the study. Daytime sleepiness was assessed by Epworth Sleepiness Scale (EpSS). Nasal airflow was mea-

sured with Peak Nasal Inspiratory Flow (PNIF). Symptoms of sino-nasal dysfunction and diseases were graded on Visual Analogue 

Scales (VAS). 

Results: EpSS score was not correlated with nasal flow as measured by PNIF or nasal obstruction –VAS scores. There were signifi-

cant associations between daytime sleepiness and patient-reported VAS-scores on nasal discharge, headache, coughing, general 

health and to some extent sneezing when age, gender, BMI and reported co-morbidity levels were adjusted for.

Conclusion: A clinical implication of this is that patients with EDS may be evaluated and treated for sino-nasal disease, while me-

dical and surgical measures to open the nose per se may not be effective therapeutic options. A scientific implication is that the 

relationship between SRBD and sino-nasal disease should be further investigated. 

Key words: Nasal obstruction, excessive daytime sleepiness, visual analogue scale, peak nasal inspiratory flow, Epworth sleepiness 
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Introduction
Excessive daytime sleepiness (EDS) is defined as inability to 

maintain wakefulness and alertness during the major waking 

episodes of the day, with sleep occurring unintentionally or at 

inappropriate times almost daily for at least three months (1). 

The prevalence of excessive daytime sleepiness was 17.7% in 

the general adult Norwegian population (2). There are several 

major causes of EDS. It may be due to insufficient sleep, to a 

variety of sleep disorders, neurological disorders, medical and 

genetic disorders as well as psychiatric disturbances. A number 

of medications may, as well, induce EDS, either therapeutically 

or as a side effect. The condition may have diverse and serious 

consequences. It is estimated that up to 52 % of single vehicle 

crashes involving heavy trucks may be related to EDS (3). Sleepy 

students have significant lower levels of academic performan-

ces and lower graduation rates than other students (4). Daytime 

sleepiness has also been linked to poor health, including an 

association with sleep characteristics and metabolic abnormali-

ties that are risk factors for cardiovascular diseases and lifetime 

depressive disorders (5,6). Accordingly, EDS is a common problem 

with widespread behavioral and medical implications that is 

important to recognize and address.

Nasal obstruction is also a common complaint. It represents a 

key symptom of many upper airway disorders. It may signifi-

cantly affect quality of life and facilitates oral breathing (7,8). The 

nose accounts for more than 50% of the total airway resistance, 

and is important for humidification, heating and filtration of 

the inspired air, as well as for regulating of essential pulmonary 
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functions (9). Despite the fact that nasal congestion is a wide-

spread and important clinical finding, its grading is in most 

instances based solely on the subjective notion of the patients 

or investigator. For objective quantification, acoustic rhinometry 

(AR), rhinomanometry and Peak Nasal Inspiratory Flow (PNIF) 

are valuable instruments.

The role of the nose and sino-nasal disorders in excessive day-

time sleepiness is disputed. There are numerous reports about 

associations between nasal obstruction and sleep disorder. 

Epidemio¬logical studies have demonstrated a relationship 

between measures of nasal airflow and snoring (10) , but attempts 

to find a linear correlation between nasal obstruction and sleep 

related breathing disorders (SRBD) have been less successful 
(11). Results of the GA2LEN study from Sweden found that the 

prevalence of sleep problems and daytime symptoms was 

substantially higher among subjects with chronic rhinosinusi-

tis compared with the total population (12). A weak correlation 

between nasal resistance measured by posterior rhinomano-

metry and severity of obstructive sleep apnea syndrome (OSAS) 

has recently been reported (13). Recently, it was demonstrated 

that patients with CRS and concomitant obstructive sleep apnea 

(OSA) have substantial disease-specific QOL improvements after 

surgical treatment of the former (14) . 

However, the precise nature of this relationship remains to be 

clarified. As impairment of sleep leading to daytime sleepiness 

and nasal obstruction are both prevalent disorders, coexis-

tence is to be expected in a number of patients. Whether this 

coexistence is incidental or causative remains to be an unsettled 

question in respiratory medicine today. 

Identifying a link may be important to optimize the investiga-

tion, treatment and follow up of patients with EDS. If causality 

between nasal function and EDS can be proven, this can lead to 

new therapeutic strategies.

Epworth Sleepiness Scale (EpSS) is an instrument frequently 

used to assess the severity of daytime sleepiness. This study is 

aimed to further explore the role of nasal function in EDS by in-

vestigating the correlation between patient reported sino-nasal 

symptoms and nasal airflow and EpSS. 

Materials and methods
Material

651 patients referred to the Dept. of Otolaryngology, Head and 

Neck Surgery, Sørlandet Hospital, Kristiansand Norway with 

EDS on suspicion of SRBD were consecutively included after 

informed consent. The suspicion was based on the symptoms 

nighttime snoring, daytime sleepiness, and nighttime episodes 

of sleep apneas (15). There were 458 males and 193 females. The 

mean ± SD age was 46.5 ± 12.0 years (range: 19-81 years) (Figure 

1). 17.8 % had an apnoe-hypapnoe-index (AHI) below 5.0, 82,2 

above, the latter indicating Obstructive Sleep Apnea Syndrome 

(OSAS). Table 1 shows self-reported co-morbidities. 

Patients referred for the investigation of nasal obstruction only, 

were not included to the study.

Methods

Epworth sleepiness scale (EpSS)

EpSS is a simple and rapid method for measuring degree of day-

time sleepiness. EpSS is a patient reported measure of sleepiness 
(16). It presents eight different situations about sleepiness that 

are commonly met in daily life. A higher total score (range 0-24) 

indicates increased degree of sleepiness (17). The employed EpSS 

cut-off score separating those with normal versus excessive level 

of daytime sleepiness is 11 (2). Several studies have shown that 

EpSS questionnaire is a reliable method for assessing daytime 

sleepiness and to demonstrate the response of treatment (18,19). 

Nose symptom Visual analogue scale (Nose-VAS)

VAS is a common scoring method for patient-reported 

symptoms, and widely used in order to evaluate outcome in 

studies. VAS is a psychometric response scale to measure the in-

tensity of various symptoms. Nose-VAS is a questionnaire deve-

loped to be used to quantify the patient reported level of nasal 

obstruction, as well as other sino-nasal related symptoms on a 

100 mmm linear scale ranging from no obstruction/no symptom 

to complete obstruction/ most intense symptom possible (20). In 

the present study questions about the following 9 symptoms 

were included: Nasal obstruction, nasal secretion, headache, 

mid-facial pain, coughing, sneezing, sense of smell, complains 

with sinusitis as well as general health.  

The patients were asked to grade their symptoms the last two 

weeks. 

Peak nasal inspiratory flow (PNIF) 

PNIF is a simple, non-invasive, fast, readily available, and easily 

performed method to assess nasal patency by using a Youlten 

Peak flow meter. PNIF is expressed in L/min and is defined as the 

maximal airflow achieved during forced inspiration though the 

nose. It consists of a face mask which the patient applies over 

the nose and mouth with the mouth closed and measures the 

peak nasal flow of air during forced inspiration.

The method was performed with the patient in orthostatic posi-

tion in a room with a temperature of 20° C and after 10 minutes 

resting time. The mean of three satisfactory maximal nasal inspi-

rations were recorded. Ottaviano et al. in 2006 reported mean 

PNIF value of 120 -140 L/min. among healthy subjects (20,21).

Decongestion

To assess the extent of nasal mucosal swelling and its effect on 

Nose-VAS and PNIF, these parameters were measured before and 

15 minutes after decongestion with one spray with oxymetazo-

line in each nostril. 
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analysis.

Correlation between EpSS, reported nasal congestion and 

PNIF scores

A Pearson correlation matrix was calculated between the 

Epworth sleepiness score, the included Nose-VAS questions and 

PNIF scores and shown in Table 3. As can be seen, significant cor-

relations were shown between the different Nose-VAS questi-

ons. The significant correlations ranged between 0.15 (p<0.001) 

and 0.44 (p<0.001). As expected, the PNIF scores correlated 

inversely with the reported level of nasal congestion (p<0.001). 

Patients reporting most nasal obstruction had, as a group, lower 

PNIF scores than those reporting patent noses. Measured were 

84.5 ± 1.5 (mean ± SEM) versus 73.8 ± 2.3 L/min (p<0.001) at 

baseline, and 95.8 ± 1.3 versus 87.9 ± 2.2 L/min (p=0.002) after 

decongestant application (Figure 2). Additionally, the PNIF sco-

res correlated with the “general health” score (p<0.01). 

Regarding the EpSS score, EpSS was positively correlated to 

level of nasal secretion (p<0.05), headache (p<0.01), coughing 

(p<0.05), sneezing (p<0.05) as well as the reduced general 

health (p<0.01). 

The reported nasal obstruction both before and after de-con-

gestion was not significantly correlated with EpSS (results not 

shown). Similarly, PNIF levels did not significantly correlate with 

EpSS scores neither before nor after de-congestion (results not 

shown).

Partial correlation analyses were also performed including the 

above mentioned significant correlations which gender, age and 

from Table 1 reported co-morbidities without altering deter-

mined significance levels (results not shown).

We also divided the patients into two groups based on EpSS 

score with 11 as cut off (Figure 3). By this approach we found 

Statistics

We used a commercially available statistical program package 

(IBM Corp. Released 2012. IBM SPSS Statistics for Windows, 

Version 22.0, Armonk, NY, USA). Figures are reported as mean 

± standard err of the mean (SEM) or mean ± standard devia-

tion (SD). Statistical significance was considered if p<0.05. All 

P-values reported represent two-sided tests. Cronbach alpha, 

Pearson correlation, Partial correlation, Factor analysis and Stu-

dent t-test were calculated as indicated.

Results 
Patient characteristics

The patients responded to a questionnaire about co-morbidity. 

Of the 651 included patients 191 stated to have allergy, 59 asth-

ma, 133 hypertension, 49 cardiac disease and 22 kidney disease. 

In addition, 339 reported to be on any medication (Table 1).

Epworth sleepiness scale psychometrics

The mean ± SD score was 10.3 ± 5.0 (range: 0-24). EDS with a 

cut of at 11 points was present in 43% of the patients. The score 

distribution is shown in Figure 1. The Cronbach alpha score was 

0.83. The Epworth sleepiness scale individual scores were sub-

jected to factor analysis where one factor reached an Eigenvalue 

above 1.0. This factor accounted for 47% of the variance.

Nose-VAS psychometrics

Cronbach alpha including all questions was 0.72. Table 2 shows 

results from a factor analysis including these questions. In Table 

2, the two most right columns show the results of the factor 

Table 1. Reported responses to questions (yes/no) asking about present 

co-morbidity among the included patients.

* = P<0.05; ** = P<0.01; *** = P<0.001; ESS = Epworth sleepiness scale

SD = Standard deviation.

 Presence of Yes No Pearson cor-
relation with 

ESS

Allergy 191 419 0.03

Asthma 59 547 0.05

Cardiac disease 49 557 0.05

Hypertonia 133 477 0.13***

Any medication 22 583 -0.01

Smoking 224 393 -0.11**

Mean SD

Age 46.5 12.0 -0.01

Pack-years 6.2 11.2 -0.09*

Alcohol (1-4) 1.44 0.8 -0.05

BMI 28.9 5.3 0.12**

Figure 1. Number of included patients by gender and Epworth 

Sleepiness scale (EpSS).
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that low level of headache was associated with low EpSS scores 

(p<0.05). The same was the case with level of nasal discharge 

(p<0.01), level of coughing (p<0.05) and reduced general condi-

tion (p<0.001). The same was to some extent the case with level 

of sneezing (p=0.067)

Discussion
In this paper we investigated the associations between daytime 

sleepiness, and self-reported symptoms of sino-nasal dysfunc-

tion, including nasal obstruction, nasal discharge, headache, 

mid facial pain, rhino-sinusitis, coughing, sneezing, reduced 

sense of smell, and reduced general health, as well as peak nasal 

inspiratory flow. The aim was to further clarify the much dispu-

ted role of the nose in sleep disturbances. No correlation was 

found between daytime sleepiness and reported nasal obstruc-

tion or measured nasal airflow. There were associations between 

daytime sleepiness and nasal discharge, headache, coughing, 

sneezing and general health. 

Firstly, the employed questionnaire measuring daytime sleepi-

ness by EpSS showed excellent psychometric properties with a 

high Cronbach alpha and one component formed in the factor 

analysis. This shows that this questionnaire may yield valid infor-

mation in the investigated group. Furthermore, the patient EpSS 

score distribution approached a natural distribution, indicating 

that the scores reflect natural variation rather than separate a 

diseased group from healthy controls.

Secondly we employed a Nose-VAS questionnaire with many of 

the same directly nose-related questions as used in the SNOT-

20/22 questionnaire (22). 

We have firmly shown that patients with excessive daytime 

sleepiness as measured by EpSS report more symptoms of nasal 

dysfunction than patients with normal daytime sleepiness. 

There are particularly 3 patho-physiological mechanisms that 

potentially may explain a role of the nose in excessive daytime 

sleepiness (16). These are the Starling resistor model and the unst-

able oral airway, the nasal ventilator reflex and the role of nitric 

oxide (NO). As to the Starling resistor model and the unstable 

oral airway, the upper airway is viewed as a hollow tube with 

an obstructive part anteriorly, the valve area, and a collapsible 

part posteriorly, the oropharynx. During inspiration, suction 

forces will be generated that gives an oropharyngeal collapse 

in predisposed individuals. In this perspective we would have 

expected to find a correlation between self-reported Nose-VAS, 

PNIF and EpSS, which we did not. Concerning NO, this is a factor 

facilitating nasal ventilation through maintaining the pharyn-

geal muscle tone, it stimulates spontaneous respiration, it has a 

role in sleep regulation, and it increases the oxygen exchange 

capacity (23,24). NO is mainly produced in the nose and the sinuses 

and thus nasal respiration is crucial to make it available. NO is an 

example of a strong physiological driver towards the nose as the 

Table 2. Mean and SD score as well as results factor analysis including 

NOSE-VAS questions. 

a Result from principal component factor analysis (rotated Warimax 

solution) with minimum Eigen value = 1. Kaiser-Meyer-Olkin measure of 

sampling adequacy: 0.786. Barlett’s test of Sphericity: Chi-square = 1001; 

D.F.: 36, p<0.001.

Nose-VAS questions Scores Components from 
factor analysisa

Mean SD I II

Nasal congestion 41.3 26.0 0.635

Nasal secretion 29.5 26.6 0.600

Headache 35.5 29.1 0.785

Mid-facial pain 18.4 24.0 0.796

Sinusitis 17.8 23.7 0.305 0.600

Coughing 32.1 26.0 0.627

Sneezing 37.5 25.0 0.663

Decreased sense of smell 33.9 29.8 0.636

General condition 31.8 29.3 0.588

Figure 2. Peak nasal inspiratory flow (PNIF) by reported nasal congestion 

at baseline and following nasal de-congestion.

Figure 3. Reported level of indicated nasal symptoms (NOSE-VAS) by 

reported level from ESS (scored by a cut off of 11).
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ventilator route of choice. One interesting hypothesis to further 

study is that sinus NO produced and daytime sleepiness is in-

terwoven. Physiologically, there are strong preferences for nasal 

respiration, a nasal ventilator reflex. In our material there was a 

significant correlation between expressions of nasal dysfunction 

and perception of daytime sleepiness. 

Excessive daytime sleepiness may be an expression of SRBD. Ho-

wever, several recent studies question the association between 

SRBD and sleepiness (25,26). Previous studies on a potential link 

between SRBD and nasal function are inconclusive. Daytime 

nasal obstruction may represent an independent risk factor for 

OSAS (13,27) . However, studies have failed to demonstrate a linear 

correlation between the two (11,27-30). It is still possible that nasal 

obstruction may be a weak risk factor for OSAS (27). This deserves 

further investigation.

It has been proposed that daytime sleepiness and fatigue that 

are associated with allergic rhinitis, with nasal obstruction as 

one of the key symptoms, not only is a consequence of inflam-

matory mediators acting on hypothalamus, but partially may 

be due to impaired nasal breathing (10,27,31,32). The present study 

does not support this assumption, and neither did the study 

from Stuck and colleagues (33). On the other hand, high preva-

lence of OSAS in patients with chronic rhinosinusitis (CRS) has 

recently been demonstrated (34). However, a linear correlation 

between severities of the diseases was not found. It has further 

been hypothesized that an adaptive response associated with 

a switch to oral breathing limits the impact of the nose in the 

pathogenesis of SRBD and daytime sleepiness (35). A difference in 

importance between variable and fixed nasal obstruction in the 

pathophysiology of SRBD has also been suggested as an expla-

nation for the lack of consistency in the research in this field (35). 

This should be further investigated.

Medical and surgical measures to open the nose have a poor 

and an unpredictable effect on SRBD. This supports the lack of 

association between nasal characteristics patency and daytime 

sleepiness. As far as we are aware of, there are four double blind 

randomized controlled studies investigating the effect of topical 

nasal steroids on SRBD (10,32,36,37).

Of these, only the study by Kiely et al. had the scientific 

standards necessary to bring further knowledge to the field. 

They did not find any improvement in snoring intensity, in 

sleep architecture, or in oxyhemoglobin desaturation index (37). 

Furthermore, surgical correction of nasal obstruction caused by 

septal deviations, nasal polyps, and turbinate hypertrophy do 

not significantly improve polysomnographic data (29). Koutsoure-

lakis et al. (38) found e.g. only a very limited success rate of nasal 

surgery in OSAS patients. A recent meta-analysis assessed the 

effects of nasal surgery on SRBD and found that nasal surgery 

does not improve the objective sleep indices (39). This further 

supports the probable lack of the nose as a main contributing 

factor for SRBD. 

PNIF measurements were only associated with the reported 

level of nasal congestion, not daytime sleepiness. It may be 

argued against this study that the nasal patency was evaluated 

with the patients in an upright and not recumbent position, 

as during sleep. Nasal resistance increases when moving from 

erect to a supine position, a phenomenon that is expected to be 

further amplified in patients with pre-existing nasal obstruction. 

It appears less likely though that this objection should have 

any clinical or scientific relevance. It may further be objected 

Table 3. Pearson correlation matrix between ESS (Epworth sleepiness scale), VAS-Nose and PNIF (Peak nasal inspiratory flow at baseline) scores.

Epworth Nasal 
conges-

tion

Nasal 
secretion

Headache Mid-facial 
pain

Sinusitis Coughing Sneezing Reduced 
sense of 

smell

General 
condition

Nasal 
congestion

0.03

Nasal secretion 0.10* 0.23***

Headache 0.12** 0.11** 0.15***

Mid-facial pain 0.04 0.12** 0.20*** 0.44***

Sinusitis 0.02 0.21*** 0.25*** 0.31*** 0.44***

Coughing 0.09* 0.25*** 0.26*** 0.23*** 0.23*** 0.26***

Sneezing 0.09* 0.19*** 0.34*** 0.15*** 0.18*** 0.27*** 0.43***

Decreased 
sense of smell

0.07 0.34*** 0.23*** 0.16*** 0.12** .24***0 0.29*** 0.24***

General con-
dition

0.15*** 0.16*** 0.18*** 0.38*** 0.31*** 0.21*** 0.29*** 0.14*** 0.30***

PNIF -0.05 -0.16*** -0.02 -0.05 -0.03 -0.05 -0.05 -0.01 -0.12** -0.05

* = P < 0.05; ** = P < 0.01; *** = P < 0.001
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that the study did not include a doctor’s characterization of the 

nasal cavities. It should also be mentioned that questionnaire 

responses from patients with chronic diseases tend to regress 

towards normalization over time (40). This may very well be an 

important part of the explanation that numerically limited cor-

relation has been shown between the Epworth score and the 

Nose-VAS scores especially because of the likely chronic nature 

of these symptoms. It should also be noted that the parameters 

“headache” and “general heath”, included in Nose-VAS also may 

be influenced by sleep disordered themselves. 

Conclusion
To conclude this study demonstrated that the level of daytime 

sleepiness was correlated to several nose-related symptoms, but 

not directly to subjective nasal obstruction or measured nasal 

airflow. A clinical implication of this is that patients with daytime 

sleepiness should be evaluated for sino -nasal diseases, while 

medical and surgical measures to open the nose per se may not 

be effective therapeutical options. A scientific implication is that 

the relationship between SRBD and sino-nasal disease should be 

further investigated. 
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