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Introduction

Background

Excessive daytime sleepiness (EDS) is a common complaint 
raised by patients referred to sleep laboratories. It can 
negatively impact individuals through lack of alertness 
and concentration, diminished memory, low mood and  
weakness (1). Untreated EDS can contribute to the 
breakdown of relationships with friends and family, and it is 
one of the cardinal symptoms reported by clinically anxious 
or depressed patients (2). Additionally, EDS has a significant 
effect on social health; it can cause reduced performance in 
the workplace and lead to unemployment1. Furthermore, 

approximately 20% of road traffic accidents in the UK are 
attributed to drivers affected by EDS (3), and it leads to a 
reduced quality of life (4). 

Mood and sleepiness

In addition to any underlying sleep disorder, other medical 
conditions, such as depression, are frequently linked to 
EDS. Patients with depression are often referred to sleep 
laboratories with complaints of insomnia or, less frequently, 
with unusually long sleep of low quality (5). Some clinical 
rating scales for depression focus on fatigue and tiredness 
rather than EDS, and a potential association between 
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depression, fatigue and sleepiness may be underestimated (6).  
However, there is an interaction between mood and 
sleepiness, as patients with underlying sleep disorders 
improve in mood when they are treated and, traditionally, 
depression used to be treated with sleep restriction (7). This 
association, however, is difficult to characterize as both sleep 
and mood are confounded by factors such as medication, 
comorbidities, alcohol consumption, drug use and anxiety (2). 

Fatigue and sleepiness

Fatigue is a common complaint of patients referred to sleep 
laboratories as well. Although “sleepiness” and “fatigue” 
are distinct pathologies, these terms are sometimes used 
interchangeably and both act falsely as a synonym for 
“tiredness”. The ambiguity and overlap between EDS 
and fatigue can lead to inaccurate diagnosis and treatment 
of patients (8). EDS is defined as a high sleep propensity 
during the day, and it is the cardinal symptom of sleep 
disorders, whereas fatigue is defined as a feeling of 
exhaustion or strain linked to physical exhaustion, chronic 
diseases and psychiatric disorders (2). Despite these 
differences, there is a strong association between EDS 
and fatigue which is believed to be, in part, because these 
symptoms are operationalized in similar ways and often 
patients are cross-referred from Chronic Fatigue Services to 
sleep laboratories (8). 

Quality of life

Sleepiness may dramatically affect a patient’s quality of life 
and is linked to changes in neurocognitive function, such 
as memory loss, impaired fine motor skills and abnormal 
executive function (9), as well as diminished emotional 
functioning that result in low mood and stress. Sleepiness 
can put strain on private and professional relationships. 
Sleepiness increases the risk of accidents, and patients are 
more likely to separate from partners and not progress in 
their careers (10). It is important to consider quality of 
life as an aspect of sleepiness when advising patients on 
treatment. 

Quantification of sleepiness

The most commonly used measure to assess EDS in sleep 
centres is the Epworth Sleepiness Scale (ESS). However, 
the ESS measures situational sleep propensity without 

acknowledging other distinct, and potentially confounding 
aspects of the symptom such as affect, fatigue, emotion, mood 
and quality of life (2). The ESS was originally developed to 
measure sleep propensity in adults and has been particularly 
useful in sleep apnoea patients (11). In the sleep laboratory, 
EDS can be measured by performing the multiple sleep 
latency test (MSLT) as well and the mean sleep latency of 
several naps is an objective marker for EDS (12).

In the current study we hypothesised that subjective EDS 
as captured through ESS, can be more accurately described, 
by recording additional dimensions such as measures of 
affect, fatigue, emotion, mood and quality of life, providing 
important information for a successful diagnosis and 
onward management of the subjectively sleepy patient. We 
propose a multi-dimensional model of subjective sleepiness 
to better assess the symptom, based on profiles for other 
chronic symptoms such as pain and breathlessness (Figure 1), 
whereby sleepiness is a multi-factorial symptom associated 
with different sensory and affective dimensions that impact 
on the immediate perception and the emotional response of 
the patient. 

Methods

This study assessed patients seeking specialty care who were 
referred to the outpatients clinic in the Lane Fox Unit and 
the Sleep Disorders Centre at Guy’s & St Thomas’ NHS 
Foundation Trust, London, UK during the period June 
to August 2016. The project was approved by the local 
review board (GSTT registration number: 2016-6172) and 
following informed consent, 50 patients completed the 
following questionnaires: 

(I) Sleepiness, as measured by the ESS and the 
Stanford Sleepiness Scale (SSS);

(II) Fatigue, as assessed by the Samn-Perelli seven 
point fatigue scale (SPS);

(III) Global vigor and affect, through the Global Vigor 
and Affect Scale (GVAS);

(IV) Anxiety and depression, as measured by the Hospital 
Anxiety and Depression Scale (HADS), and;

(V) Positive and negative affect, through the Positive 
and Negative Affect Schedule (PANAS);

(VI) Questions regarding main sleep complaints and 
how EDS affects daily function, sleep routine and 
nighttime symptoms were included.

Age, gender, current medical conditions and regular 
medication were also recorded. 
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The ESS

The ESS is a single 8-item questionnaire that measures 
subjective EDS. Patients rate how likely they are to fall asleep 
in different situations based on their recent habits. The items 
are scored either as 0 (“I would never fall asleep”), 1 (“Slight 
chance of falling asleep”), 2 (“Moderate chance of falling 
asleep”) or 3 (“High chance of falling asleep”), giving a total 
score ranging between 0–24 points. Patients with scores 
higher than 10 points are regarded as excessively sleepy and 
may have an underlying sleep disorder (11). 

The SSS

The SSS is a 7-point scale that subjectively measures how 
alert a patient is at that moment in time. Possible scores 
range from 1 (“Feel active and vital; alert, wide awake) to 7 
(“Almost in reverie; sleep onset soon; lost struggle to remain 
awake”). A score of 3 or more, at a time when the patient 
should be alert, indicates a patient is excessively sleepy (14). 

The Samn-Perelli 7-point fatigue scale

The SPS is a 7-point scale that subjectively measures the 
patient’s level of fatigue at that moment in time. Possible 

scores range from 1 (“fully alert, wide awake”) to 7 (“completely 
exhausted, unable to function effectively”) (15). Scores of 5 or 
6 are classified as ‘Fatigue Class II’ and scores of 7 are classified 
as ‘Fatigue Class I’ where the patient is considered to be 
severely fatigued. This scale was originally developed to assess 
levels of fatigue and alertness in pilots before take-off (16). 

The GVAS

The GVAS subjectively measures global vigor and global 
affect through eight unipolar visual analogue scales. Four of 
these scales ask questions concerning global vigor (alertness, 
sleepiness, motivational loss and weariness) and the remaining 
four ask questions concerning global affect (happiness, 
sadness, calmness and tension). Each individual scale is scored 
between 0 and 100 and a total global vigor score (GVS) and a 
total global affect score (GAS) are calculated ranging between 
0 and 100 points, where lower scores indicate lower levels of 
global vigor or global affect (for GVS and GAS formulas—
see Supplementary material) (17,18). 

The hospitalized anxiety and depression Scale 

The HADS subjectively measures levels of anxiety (A) 

Figure 1 Schematic model of the components of sleepiness underlying the suggested multiple dimensions of sleepiness profile. The hypothetical 
model is divided into Sensory (SQ) and Affective dimensions, fatigue (A1) and emotional response (A2) (on the left) and into Immediate and 
Emotional Response Domains (on the right). Original picture modified from the “Multiple Dimensions of Dyspnoea Profile” according to Banzett  
et al. (13) (no permission required). ESS, Epworth Sleepiness Scale; MSL, Mean Sleep Latency; SSS, Stanford Sleepiness Scale.

Multiple dimensions of sleepiness profile
(adjusted from RB Banzett et al., ERJ express 2015)

Sensory quality (SQ)
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and depression (D) through a 14-item questionnaire. 
The HADS is divided into two 7-item subscales that are 
concerned with anxiety and depression independently. 
Each item is scored from 0 to 3 points and these individual 
scores are summed up to give a HADS-A and HADS-D 
score ranging from 0 to 21 points each. The higher the 
total score, the greater the severity of anxiety or depression 
the patient exhibits (19). Patients with scores of 8 or higher 
are considered severely anxious or depressed (20). The 
HADS was chosen rather than other validated anxiety 
and depression scales because it is designed to control for 
symptoms of anxiety and depression that are somatic and 
could thus be confounded by other physical illnesses (19). 

The PANAS

The PANAS subjectively measures positive and negative 
affect independently through two 10-item mood scales. 
Positive affect is the subjective experience of positive moods 
such as joy, interest and alertness whereas negative affect 
refers to the subjective experience of negative moods such 
anxiety, hostility and disgust (21). Each item in the mood 
scale is an adjective, which the patients must score from 1 

(“very slightly or not at all”) to 5 (“extremely”) depending 
on how well the adjective describes their present mood. 
These individual scores are summed up to give a Positive 
Affect Score (PAS) and a Negative Affect Score (NAS) 
ranging from 10–50 points each. The higher the total 
score the greater the positive or negative affect the patient 
exhibits. This scale is not meant to be definitive but it is an 
indicator of behaviours associated with either positive or 
negative affect (22). 

Statistical analysis

EDS, as measured by ESS, using multiple dimensions (affect, 
fatigue, emotion, mood, and quality of life) was recorded in 
the sleep clinic. Data were collected using MS Excel 2007 
(Microsoft Corporation, Seattle/WA, USA) and analysed 
with SPSS statistics Version 23 (IBM, New York/NY, USA). 
Following testing for normality using the Shapiro-Wilk test 
data were presented as mean (SD) or median (interquartile 
range, IQR), as indicated. Non-normally distributed 
data were analysed using the Spearman’s rho correlation 
coefficient, unless indicated differently. The correlations 
between ESS scores and the other questionnaires (SSS, SPS, 
GVAS, HADS, PANAS) were assessed. Independent t-tests 
were used to assess potential differences in questionnaire 
scores between genders. Stepwise multiple linear regression 
analysis was performed to determine which of the 
questionnaire scores, were the best determinants of the ESS 
score. The level of significance was defined as P<0.05.

Results

Characteristics

Fifty middle-aged patients (25 male) completed the 
questionnaires. On average, the patients’ ESS, SPS and 
HADS-D scores did not surpass clinical thresholds, 
suggesting the patients were not excessively sleepy, not 
considerably fatigued and not depressed. Furthermore, the 
patients had high GVS and GAS scores suggesting high 
vigor and affect. The patients had moderate PAS scores 
and low NAS scores, which suggests moderate positive 
and low negative affect. Based on the average SSS scores 
patients were sleepy and the HADS-A scores indicated 
that the patients were anxious (Table 1). Female patients 
rated themselves more fatigued than male patients on the 
SPS scale [mean 3.9 (SD 1.4) vs. 2.8 (1.5) points, P=0.01; 
see Tables S1 and S2]; there were no significant gender 

Table 1 Characteristics of the total cohort (n=50)

Parameters Mean/Median Standard deviation/IQR

Age (years) 45.2 18.7

ESS score (points)* 7.3 3.8–15.0 

SSS score (points)* 3.0 1.5–4.0 

SPS score (points)* 4.0 2.0–4.0

GVS score (points)* 66.3 49.4–83.8 

GAS score (points)* 58.8 41.9–77.5

HADS-A score (points)* 8.0 3.0–12.0

HADS-D score (points)* 6.0 3.0–8.5

PAS score (points)* 25.0 16.0–33.3

NAS score (points)* 16.5 11.0–21.0

*, data presented as median and IQR. ESS, Epworth Sleepiness 
Scale (range, 0–24 points); SSS, Stanford Sleepiness Scale 
(range, 0–8 points); SPS, Samn-Perelli fatigue scale (range, 
0–7 points); GVS, Global Vigor Score (range, 0–100 points); 
GAS, Global Affect Score (range, 0–100 points); HADS-A, 
Hospital Anxiety Scale (range, 0–21 points); HADS-D, Hospital 
Depression Scale (range, 0–21 points); PAS, Positive Affect 
Score (range, 10–50 points); NAS, Negative Affect Score (range, 
10–50 points); IQR, interquartile range.



S174 Smith et al. Multiple dimensions of excessive daytime sleepiness

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2018;10(Suppl 1):S170-S176jtd.amegroups.com

differences for the other questionnaire scales.

Correlations

There was a positive correlation between the ESS and 
other measures of sleepiness, anxiety and depression, a 
high correlation with fatigue as well as a low correlation 
with measures of negative affect, and a negative correlation 
between the ESS and measures of global vigor and affect 
(Table 2). 

Multiple linear regression analysis 

Stepwise multiple linear regression analysis was performed 
to determine which of the questionnaire scores (SPS, 
GVS, GAS, HADS-A, HADS-D, PAS and NAS) were 
the best determinants of the ESS score, after adjusting 
for demographics (age, gender and BMI). The regression 
model (F=10.000) showed that about 48% of the response 
variance (R2=0.532, adjusted R2=0.4794, P<0.001) was 
significantly associated with the following determinants: 
SPS (partial R2=0.158, P<0.001) and HADS-A (partial 
R2=0.114, P=0.002) (see Table S3). 

Discussion

The most common method to assess sleepiness, the ESS, 
is associated with measures of fatigue, anxiety, depression 

and negative affect. There is an inverse correlation between 
the ESS and measures of global vigor and global affect. Our 
results suggest that symptoms of fatigue and anxiety explain 
about 48% of the variability in the subjectively reported 
EDS. These findings indicate that fatigue and anxiety 
are dimensions associated with sleepiness and that they 
influence the immediate perception as well as the emotional 
experience of the symptom.

The idea that fatigue could be an additional dimension of 
sleepiness is not new; studies have shown that up to 46% of 
patients with Chronic Fatigue Syndrome fulfill the minimal 
criteria for sleep disorders, which suggests that the ambiguity 
between sleepiness and fatigue is not just due to an inaccurate 
diagnosis but that these symptoms might co-exist (8). 
Although our findings show a strong correlation between 
measures of fatigue and subjective measures of sleepiness, 
there is no link with objective measures of sleepiness, 
suggesting sleepiness and fatigue are distinct (23,24). The 
observed correlation could be due to patients mislabeling 
fatigue as subjective sleepiness, highlighting that there is a 
need to develop better scales that can differentiate these two 
symptoms.

This study assessed subjective (ESS, SSS) sleepiness. 
Additional dimensions were measured by validated 
questionnaires, inviting speculation about the accuracy of 
the used methods. For example, patients with long-term 
sleepiness could potentially lack a frame of reference point 
of what it feels like to be less sleepy, which may hamper their 
ability to complete a more accurate self-assessment (11). This 
inaccuracy in self-assessment also may be, in part, why the 
ESS and SSS scales did not correlate. However, it could 
also be that the SSS is a scale for an ad-hoc response, whilst 
the ESS requires a long assessment period to allow for any 
changes. Also, the power of the used tests was calculated to 
detect large effects, weak associations may not have been 
discovered accurately. However, by choosing validated 
clinical tools to assess affect, fatigue, emotion, mood, 
and quality of life this study adopted a pragmatic clinical 
approach, which is comparable to outcomes obtained in 
the majority of studies in this field. Further studies will be 
required to replicate and give credence to our results.

A more detailed descriptive background of the patients 
would have been helpful to understand contributing domains 
of the patients’ social, cultural, economic and educational 
background. Although the patients’ medical condition and 
regular medication were recorded our findings need to be 
supported by further studies. These further studies could 
also focus more on the differences between genders when 

Table 2 Spearman’s rho correlation coefficients for the ESS vs. all 
other scores (n=50)

Parameters ESS P value

SSS r=0.499 <0.001

SPS r=0.607 <0.001

GVS r=-0.433 0.002

GAS r=−0.508 <0.001

HADS-A r=0.460 0.001

HADS-D r=0.448 0.001

PAS r=−0.215 0.135

NAS r=0.303 0.033

ESS, Epworth Sleepiness Scale; SSS, Stanford Sleepiness 
Scale; SPS, Samn-Perelli fatigue Scale; GVS, Global Vigor 
Scale; GAS, Global Affect Scale; HADSA, Hospital Anxiety 
Score; HADS-D, Hospital Depression Scale; PAS, Positive Affect 
Scale; NAS, Negative Affect Score.
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rating levels of fatigue. Also, our supportive evidence base 
for the hypothetical multi-dimensional model needs to be 
expanded upon with a systematic analysis of the used scales’ 
redundant and differentiating factors. Previously, validated 
item banks for assessing qualitative aspects of sleepiness had 
been developed (25), but the current study has extended 
earlier research by exploring unique domains (e.g., affect).

Conclusions

A rigorous analysis of the used scales’ redundant and 
differentiating factors is required to validate the usefulness 
a multidimensional model of sleepiness, and assessing 
dimensions of affect, fatigue, emotion, mood, and quality of 
life might assist to better understand subjective sleepiness 
in patients in whom a direct somatic cause cannot be found. 
This approach facilitates a more integrated approach, 
from a multi-disciplinary collaboration of services, towards 
patient care. Qualitative work on the sensory and affective 
dimensions, as well as the development of suitable measures 
to quantify the immediate perception and the emotional 
experience to the symptom, should be the focus of future 
research.
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The Global Vigor and Affect Scale 

To calculate the total global vigor score (GVS) and total 
global affect score (GAS) the scores from each visual 
analogue scale assessing “alertness”, “sleepiness”, “effort 
”, “weariness”, “happiness”, “calmness”, “sadness” and 
“tenseness” were included into the following formulas:

GVS = [(alert) + 300 – (sleepy) – (effort) – (weary)/4]
GAS = [(happy) + (calm) + 200 – (sad) – (tense)/4] 

Gender differences in questionnaire Scales

Since previous studies have highlighted that women have 
higher self-perceived fatigue than men (26), we specifically 
explored gender differences in patients Samn-Perelli seven 
point Scale (SPS) and the other questionnaire scale scores 
through independent t-tests. Indeed, female patients 
rated themselves more fatigued than male patients on the 
SPS scale (Table S1), where the difference in means was 

statistically significant (P=0.01, Table S2). There were no 
other significant differences in mean questionnaire scores 
between genders.

Multiple linear regression analysis (n=50)

Stepwise multiple linear regression analysis was performed 
to determine which of the questionnaire scores (SPS, 
GVS, GAS, HADS-A, HADS-D, PAS and NAS) were 
the best determinants of the ESS score, after adjusting 
for demographics (age, gender and BMI). The regression 
model showed that about 48% of the response variance 
was associated with the following determinants: SPS 
(partial R2=0.158, P<0.001) and HADS-A (partial R2=0.114, 
P=0.002) (Table S3). 
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Supplementary

Table S1 Group statistics of questionnaire scale scores for males (n=25) and females (n=25)

Scales Gender Mean (points) Standard deviation Standard error mean

SPS Female 3.88 1.42 0.28

Male 2.76 1.54 0.31

SSS Female 3.12 1.36 0.27

Male 2.38 1.38 0.28

ESS Female 9.30 7.42 1.48

Male 8.24 6.33 1.27

GAS Female 58.10 18.93 3.79

Male 62.30 23.21 4.64

GVS Female 65.10 20.20 4.04

Male 69.30 22.22 4.44

HADS-A Female 8.60 5.26 1.05

Male 6.75 4.93 1.01

HADS-D Female 6.52 4.67 0.93

Male 6.17 4.54 0.93

PAS Female 24.92 8.27 1.65

Male 24.56 10.34 2.07

NAS Female 18.32 7.06 1.41

Male 15.44 7.97 1.60

SPS, Samn-Perelli Scale; SSS, Stanford Sleepiness Scale; ESS, Epworth Sleepiness Scale; GAS, Global Affect Scale; GVS, Global Vigor 
Scale; HADS-A, Hospital Anxiety Scale; HADS-D, Hospital Depression Scale; PAS, Positive Affect Scale; NAS, Negative Affect Scale.



Table S2 Independent samples t-test statistics for questionnaire scores between males and females with equal variances assumed

Scales

t-test for equality of means

t df Sig. (2-tailed)
Mean difference 

(points)
Std. error 
difference

95% confidence interval of the difference

Lower Upper

SPS 2.675 48 0.010 1.1200 0.4187 0.2781 1.9619

SSS 1.902 47 0.063 0.7450 0.3916 −0.0428 1.5328

ESS 0.543 48 0.589 1.060 1.951 −2.863 4.983

GAS −0.701 48 0.487 −4.200 5.990 −16.244 7.844

GVS −0.699 48 0.488 −4.200 6.005 −16.274 7.874

HADS-A 1.269 47 0.211 1.850 1.457 −1.082 4.782

HADS-D 0.269 47 0.789 0.353 1.315 −2.293 2.999

PAS 0.136 48 0.892 0.360 2.649 −4.966 5.686

NAS 1.353 48 0.182 2.880 2.129 −1.401 7.161

SPS, Samn-Perelli Scale; SSS, Stanford Sleepiness Scale; ESS, Epworth Sleepiness Scale; GAS, Global Affect Scale; GVS, Global Vigor 
Scale; HADS-A, Hospital Anxiety Scale; HADS-D, Hospital Depression Scale; PAS, Positive Affect Scale; NAS, Negative Affect Scale.

Table S3 Stepwise multiple linear regression analysis of relationship of ESS with SPS, GVS, GAS, HADS-A, HADS-D, PAS and NAS

Steps β (95%CI) Standard β P value

Step 1

Constant −0.15 (−10.56 to 10.26) 0.97

Age −0.06 (−0.18 to 0.06) −0.15 0.35

Gender 0.73 (−3.13 to 4.59) 0.05 0.70

BMI 0.37 (0.02 to 0.72) 0.35 0.03

Step 2

Constant −2.16 (−10.63 to 6.34) 0.61

Age 0.02 (−0.08 to 0.13) 0.07 0.61

Gender −2.03 (−5.37 to 1.30) −0.15 0.22

BMI 0.11 (−0.18 to 0.42) 0.11 0.44

SPS 2.85 (1.69 to 4.01) 0.65 <0.001

Step 3

Constant −6.08 (−14.16 to 2.00) 0.13

Age 0.01 (−0.08 to 0.11) 0.04 0.71

Gender −2.22 (−5.25 to 0.80) −0.16 0.14

BMI 0.22 (−0.06 to 0.50) 0.21 0.11

SPS 2.16 (1.03 to 3.29) 0.49 <0.001

HADS-A 0.50 (0.19 to 0.81) 0.37 0.002

Step 1 model adjusted R2=−0.039 (P=0.188), step 2 model adjusted R2=0.366, (P<0.001) and step 3 model adjusted R2=0.479 (P≤0.001). 
The threshold for stopping the stepwise regression was F=0.10. BMI, body mass index; SPS, Samn-Perelli Scale; ESS, Epworth 
Sleepiness Scale; GAS, Global Affect Scale; GVS, Global Vigor Scale; HADS-A, Hospital Anxiety Scale; HADS-D, Hospital Depression 
Scale; PAS, Positive Affect Scale; NAS, Negative Affect Scale.


