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Study Objectives: To compare Epworth Sleepiness Scale (ESS) scores of men and women and determine if there is a correlation with sleep-disordered 
breathing (SDB) based on subsequent polysomnography (PSG).
Methods: Consecutive adult patients were identified who completed ESS and PSG at Mayo Clinic in Rochester, Minnesota, between January 1, 2013, and 
January 31, 2015. Apnea-hypopnea index (AHI) ≥ 5 events/h was classified as presence of SDB, and increasing values represented greater severity.
Results: Among 6,593 patients with valid ESS scores and timely subsequent PSG, 42% were women. Mean (standard deviation [SD]) age of women was 
56.2 (15.2) years; men, 58.5 (15.1) years. Mean (SD) ESS score was 9.5 (5.4) for women and 9.5 (5.3) for men. SDB was present in 83.6% of men and 68.3% 
of women. Mean (SD) AHI of men was 25.9 (26.7) events/h; women, 16.1 (22.4) events/h (P < .001). Each unit increase in ESS score of men was associated 
with a 0.51-unit increase in AHI (P < .001); women had a 0.16-unit associated increase (P = .04) (effect ratio, threefold greater for men). PSG demonstrated 
that women had greater sleep efficiency, less respiratory effort-related arousals, and less hypoxemia (all P < .001). Among women, ESS did not correlate with 
presence of SDB or mild to moderate SDB. There was a small association in women with severe SDB.
Conclusions: ESS is not correlated with SDB at mild to moderate levels in women and has a smaller association than in men with severe SDB. Further work 
is necessary to understand sex-specific differences in patients with SDB.
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INTRODUCTION

Sleep-disordered breathing (SDB) affects 26% of men and 
13% of women in the United States population.1,2 Women 
with obesity, those who are pregnant, or those in the post-
menopausal years of life are at highest risk for SDB.3 Up 
to 56% of women older than 65 years are estimated to have 
SDB.4 This disease carries serious public health burden as an 
independent risk factor for cardiovascular and cerebrovascu-
lar disease, as well as its association with increased risk of 
automobile crashes.5–8 Although SDB is relatively common in 
women, moderate to severe disease is undiagnosed for 93% 
of women who have SDB.9 Investigators postulate that this 
discrepancy exists in part because presentation differs in men 
and women with SDB.
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Classic symptoms associated with SDB are loud snoring, 
witnessed apnea events, snort arousals, and daytime sleepi-
ness.10 These symptoms are typically present in men with 
SDB; however, women with SDB are more likely to report 
symptoms of insomnia, depression, and fatigue.11–13 Question-
naires such as the Epworth Sleepiness Scale (ESS) are used to 
screen for sleepiness associated with SDB. However, they may 
not identify the female patient with SDB.

In the current study, we report ESS scores of men and 
women who presented to the Mayo Clinic Center for Sleep 
Medicine and subsequently underwent attended in-laboratory 
polysomnography (PSG). ESS scores and PSG results were 
compared between men and women. We evaluated the cor-
relation of level of reported sleepiness (as ascertained by the 
ESS) and presence and severity of SDB by sex.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Commonly used screening questionnaires such as the Epworth Sleepiness Scale (ESS) use presence of 
sleepiness as part of the clinical assessment for likelihood of sleep-disordered breathing (SDB). Women with SDB may have different symptoms and 
thus the condition could be missed with this type of screening tool.
Study Impact: Our study demonstrates that level of sleepiness as measured by the ESS is not associated with presence of SDB in women. A small 
association was seen only in women with severe SDB. Physiologic and clinical phenotype differences are present in women with SDB compared with 
men. Further understanding is necessary to develop SDB screening tools specifically validated for women.
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METHODS

ESS Survey
The self-administered ESS questionnaire has eight items that 
rate a person’s likelihood of dozing off in daily situations. An 
ESS score greater than 10 suggests excessive daytime sleepi-
ness; higher values represent increased severity of sleepiness. 
This validated questionnaire has a high level of internal con-
sistency (Cronbach α, 0.88).14 Validation studies have shown 
mean (standard deviation [SD]) ESS scores of patients with 
mild, moderate, and severe obstructive SDB to be 9.5 (3.3), 
11.5 (4.2), and 16.0 (4.4), respectively.15 Pooled data from 23 tri-
als showed that ESS scores with SDB treatment (ie, continuous 
positive airway pressure) decreased by 2.7 (95% confidence in-
terval [CI], −3.5 to −2.0).16 ESS indeed seems to be correlated 
with SDB; however, these trials consisted primarily of male 
patients. Specific validation studies have not been performed 
in the female population.

Study Population
Consecutive men and women who completed ESS assessment 
and subsequently underwent attended in-laboratory PSG at 
Mayo Clinic between January 1, 2013, and January 31, 2015, 
were identified from the database of the Mayo Clinic Cen-
ter for Sleep Medicine. The pre-PSG ESS score was verified 
through chart review. Only patients who had a valid ESS score 
obtained within 3 months of PSG were included. Detailed PSG 
parameters were recorded for each patient, including presence 
and severity of SDB.

SDB Classification
SDB is classified into a severity level in accordance with the 
apnea-hypopnea index (AHI), which indicates the frequency of 
disordered breathing events per hour. The reference AHI is less 
than 5 (no SDB). Mild disease is defined as an AHI of at least 
5 but less than 15; moderate disease, at least 15 but less than 
30; and severe disease, 30 or greater.17 Disordered breathing 
events were scored in accordance with The AASM Manual for 
the Scoring of Sleep and Associated Events: Rules, Terminol-
ogy and Technical Specifications, using the alternate hypopnea 
definition (nasal pressure signal drop of ≥ 30% from pre-event 
baseline for a duration of at least 10 seconds with ≥ 4% oxygen 
desaturation from pre-event baseline).18

Study Participants
In total, 7,619 patients were identified in the database. Of these, 
1,026 patients were excluded from the study because (1) PSG 

was performed more than 3 months after ESS completion, (2) a 
titration-only PSG was performed (rather than a diagnostic or 
split-night study), or (3) consent to participate in research was 
not available.

Statistical Analysis
Descriptive summaries were reported as frequency and per-
centage for categorical variables and mean (SD) or median 
(range) for continuous variables. Subgroup analysis compared 
primary clinical end-point data with use of χ2 test or Fisher ex-
act test for categorical variables and two-sample t test or Wil-
coxon rank-sum test for continuous variables.

Patient characteristics were compared by sex with analysis 
of variance for continuous variables and χ2 test for categorical 
variables. PSG was reviewed and AHI collected for each pa-
tient. Logistic regression analysis models were used to conduct 
correlation analysis between ESS score and AHI.

A sample size of 70 provides an 80% power to detect a dif-
ference of 4.4 SD between ESS scores from the 2 groups of 
patients. Our study was adequately powered. The Mayo Clinic 
Institutional Review Board approved this study.

RESULTS

Of 6,593 patients with valid ESS scores and timely subsequent 
PSG, 42% were women. Mean (SD) age of the women was 56.2 
(15.2) years; men, 58.5 (15.1) years (Table 1).

SDB was present in 83.6% of men and 68.3% of women. 
Mean AHI was 25.9 events/h for men and 16.1 events/h for 
women (P < .001). Table 2 outlines the mean (SD) of sleep ef-
ficiency, respiratory effort-related arousal (RERA) index, and 
oxygen saturation as measured by pulse oximetry (SpO2) in 
women and men. These data points showed statistically signifi-
cant sex-specific differences (P < .001).

Figure 1 shows fit plots demonstrating relationships be-
tween AHI and ESS in women and in men. Each unit increase 
in ESS score for men was associated with a 0.51-unit increase 
in AHI (P < .001); for women, the increase in ESS was asso-
ciated with only a 0.16-unit increase in AHI (P = .04) (effect 
ratio, threefold greater in men).

Mean ESS score of women without SDB was higher than 
that of men without SDB. In this group of women with normal 
nocturnal breathing, the mean (SD) ESS score was 9.9 (5.4) 
versus 9.1 (5.4) in men (P = .006) (Figure 2). In patients with 

Table 1—Clinical characteristics of women and men.

Characteristic
Women

(n = 2,796, 42%)
Men

(n = 3,797, 58%) P
Age, years, mean (SD) 56.2 (15.2) 58.5 (15.1)  < .001
BMI, kg/m2, mean (SD) 34.0 (9.0) 32.3 (6.6)  < .001
ESS score, mean (SD) 9.5 (5.4) 9.5 (5.3) .62

BMI = body mass index, ESS = Epworth Sleepiness Scale.

Table 2—Polysomnography differences between women 
and men.

Characteristic Women Men P
Mean AHI, events/h 16.1 (22.4) 25.9 (26.7) < .001
Mean sleep efficiency, % 74.4 (16.5) 72.3 (16.7) < .001
Mean RERA index, events/h 5.3 (6.0) 9.8 (9.1) < .001
Mean SpO2, % 93.2 (2.6) 92.7 (2.3) < .001

AHI = apnea-hypopnea index, RERA = respiratory effort-related arousal, 
SpO2 = oxygen saturation as measured by pulse oximetry.
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Figure 1—Fit plots showing relationship between AHI and ESS in women vs men.

(A) In women, each unit increase in ESS corresponds with a 0.16-unit increase in AHI (P = .04). (B) In men, each unit increase in ESS corresponds 
with a 0.51-unit increase in AHI (P < .001). The effect ratio was approximately three times greater in men. Adj = adjusted, AHI = apnea-hypopnea index, 
DF = degrees of freedom, ESS = Epworth Sleepiness Scale, MSE = mean squared error.
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severe SDB, there was no significant difference between ESS 
scores in men and women; mean ESS score in women was 10.0 
(5.3) versus 10.1 (5.4) in men (P = .82). Multinomial logistic 
regression models demonstrated that among men, each unit in-
crease in ESS increases odds of having SDB by 2% (P = .03). 
With each 5-unit increase in ESS, the odds of having severe 
SDB increase by 19% (P = .003). Among women, ESS did not 
correlate with the presence of SDB or AHI values in the mild 
to moderate range. However, there was a much smaller associa-
tion compared with men for severe SDB (with each 5-unit in-
crease in ESS in women, odds of having severe SDB increased 
by 1.5% [P = .003]).

PSG data showed that women had increased sleep efficiency, 
fewer RERAs, and less hypoxemia than men (all P < .001). 
Overall arousal indices in women with and without SDB were 
lower than in men. Mean arousal index in women without 
SDB was 21.5 (14.4); in women with SDB, mean arousal in-
dex increased to 39.4 (25.7) (P < .001). In men, mean arousal 
index in those without SDB was 24.2 (14.8), and in those with 
SDB, mean arousal index rose to 46.8 (26.2) (P < .001). Within 
the SDB cohort, mean arousal indices were lower in women 
with mild SDB (28.4 [15.8] versus 32.1 [17.5]; P < .001). Mean 
arousal index was also slightly lower in women with moderate 
SDB, but the difference was not significant (39.0 [19.0] versus 
41.1 [20.0]; P = .10). Mean arousal index in women with se-
vere SDB was slightly higher than in their male counterparts, 
but this difference was not significant (65.5 [30.9] versus 64.9 

[25.9]; P = .62). Analysis of covariance calculations dem-
onstrated that arousal index has a significant effect on ESS 
(P < .001). Each unit increase in arousal index contributes to 
0.01-unit increase in ESS.

Mean body mass index (BMI) was higher in the overall 
cohort of women than in men (Table 1). BMI in women was 
higher than in men within all of the following subgroups:

• Without SDB: women 30.6 (7.8) versus men 29.0 (5.2), 
P = .003

• Mild SDB: women 34.7 (8.6) versus men 31.3 (5.7), 
P < .001

• Moderate SDB: women 35.0 (8.5) versus men 32.3 
(6.1), P < .001

• Severe SDB: women 38.1 (10.4) versus men 34.9 (7.4), 
P < .001

Univariate logistic regression revealed that BMI was associated 
with presence of SDB with an odds ratio (OR) of 1.087 (95% 
CI, 1.077–1.098). The relationship was stronger in men (OR, 
1.129) compared with women (OR, 1.078). After adjustment for 
ESS, age, and sex, BMI remained associated with higher AHI. 
The AHI increased by 12% with each unit increase in BMI. 
The magnitude of association was stronger in men than women 
(OR, 1.148 versus 1.112).

Mean total AHI values were lower in women with mild 
to moderate SDB than men (mild SDB, 8.2 [2.8] versus 8.7 
[3.0]; P < .001 and moderate SDB, 20.6 [4.2] versus 21.2 

Figure 2—ESS score among women and men.

ESS was less associated with the presence of SDB in women than men. The correlation is improved in women with moderate to severe SDB. Y-axis begins 
at 8.4. ESS = Epworth Sleepiness Scale, SDB = sleep-disordered breathing.
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[4.3]; P = .02). However, AHI values during rapid eye move-
ment (REM) sleep were higher in women than in men with 
mild to moderate SDB (mild SDB REM, AHI, 25.0 [22.8] 
versus 19.6 [20.2]; P < .001, moderate SDB 34.7 [31.1] versus 
27.5 [25.6]; P = .004).

In women with severe SDB, mean AHI was higher in 
women, but the difference was not significant (59.1 [26.6] ver-
sus 58.2 [23.7], P = .90). Mean AHI during REM sleep was 
also higher in women with severe SDB than men, but the 
difference was not significant (44.3 [39.1] versus 39.1 [33.3], 
P = .10). SDB events were predominantly obstructive in this 
cohort. The mean (SD) central apnea index of all women with 
SDB was 1.3 (5.4); of all men, 3.6 (9.6) (P < .001). Central ap-
nea indices remained small in all subgroups of SDB and were 
lower in women than men: (mild SDB, 0.4 [1.0] versus 0.7 [1.4] 
[P < .001]; moderate SDB, 1.1 [2.7] versus 2.3 [4.0] [P < .001]; 
severe SDB 3.4 [10.4] versus 7.3 [14.3] [P < .001]).

DISCUSSION

Our study showed that ESS is less associated with the pres-
ence of SDB in women compared with men. Several studies 
have reported that men and women answer questions about 
sleepiness differently and that the ESS is more likely to detect 
sleepiness of men than of women. Women with sleepiness are 
less likely to have an abnormal ESS score.18,19 Additionally, 
women with SDB may have no sleepiness and instead report 
symptoms of insomnia, mood disturbance, or fatigue.20,21 
These symptoms would not be picked up by screening tools 
such as ESS. In fact, 40% of women with moderate to severe 
SDB do not report classic SDB symptoms such as snoring and 
daytime sleepiness.22

Our study correlated ESS and results of subsequent in-labo-
ratory PSG of men and women. Among men, increases in ESS 
carried an association with increased odds of presence and se-
verity of SDB. In women, an association between ESS and AHI 
was only seen in severe SDB, and the relationship was much 
less robust than in men. In addition, ESS scores for women 
without SDB were higher than for men. Therefore, increased 
false-positive results may be noted for women if the ESS is 
used as part of the clinical screening process for SDB. Alterna-
tive explanations may be present to account for increased ESS 
values observed in women without SDB.

Physiologic parameters also appear different for men ver-
sus women with SDB. Sleep efficiency was greater for women. 
Overall arousal indices in persons with and without SDB were 
higher in men compared with women. Within the SDB popula-
tion, the arousal indices between men and women with moder-
ate and severe SDB were not significantly different. We found 
that arousal index had a significant effect on ESS severity. The 
results may explain why ESS only correlated with presence 
of severe SDB in women. Our observations may indicate that 
higher levels of SDB severity are more physiologically similar 
between men and women. From a clinical perspective, screen-
ing tools that assess for daytime sleepiness may be helpful in 
identifying women at risk for severe SDB but may miss those 
with mild to moderate severity.

In this cohort, BMI was higher in women than in men. This 
may indicate that women with higher BMI are referred more 
commonly for SDB evaluation. However, our data also revealed 
that the association between BMI and AHI was less robust in 
women than men. Sleep state differences were also observed 
between the sexes. Although overall AHI values were higher in 
men with mild to moderate SDB, women with mild to moder-
ate SDB had higher AHI values during REM sleep than their 
male counterparts. In persons with severe SDB, women had 
slightly higher mean total AHI values as well as REM-related 
AHI values compared with men; however, the differences were 
not significant. These results also suggest that at severe levels 
of SDB, men and women share similar physiologic traits. It 
is possible that the differences in REM-related AHI values in 
women with mild to moderate SDB may relate to symptomatic 
differences between the sexes.

Further work is needed to examine the differences in SDB 
between men and women and to correlate these physiologic 
parameters with clinical symptomatology. Menopausal sta-
tus could also be a factor in some of the differences noted in 
women, given that most women in this cohort were middle-
aged. Such investigation may lead to development of sex-spe-
cific screening tools that more accurately assess for SDB in the 
female population.

The strengths of our study include its systematic evaluation 
of a large number of patients for whom ESS score was obtained 
before testing for SDB. Only the patients who underwent at-
tended in-laboratory PSG were included, thus providing data 
on parameters including RERA indices and sleep efficiency. 
Limitations include: the retrospective nature of the study, the 
study was performed in a clinical population, and the indica-
tion for PSG was not known. In addition, given the large num-
ber of participants, we have combined the presence of either 
obstructive or central sleep apnea as SDB. The clinical features 
of each disease process may be different. However, less than 
10% of the patients with SDB had a central apnea index of 5 or 
more per hour; most patients with SDB had primarily or solely 
obstructive sleep apnea.

CONCLUSIONS

In our study, ESS did not correlate with presence of SDB in 
women. A relationship between ESS and SDB in women was 
observed only in those with severe disease. There was also a 
lesser association between BMI and SDB in women than in 
men. Our results demonstrate that common clinical screening 
tools and physical markers for SDB may not be sufficient to use 
in the female population. Clinicians may wish to use alterna-
tive assessments to assess risk of SDB in female patients that 
do not rely on measurements of daytime sleepiness or BMI. 
Multiple physiologic and sleep-state differences were observed 
in women with SDB at mild to moderate severity levels. Men 
and women with severe SDB shared similar data characteris-
tics. Further work regarding the reasons for sex-specific differ-
ences in mild and moderate SDB and the associated effect on 
SDB symptoms is needed and may help in the eventual genera-
tion of sex-specific screening tools.
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ABBRE VI ATIONS

AHI, apnea-hypopnea index
BMI, body mass index
ESS, Epworth Sleepiness Scale
OR, odds ratio
PSG, polysomnography
REM, rapid eye movement
RERA, respiratory effort-related arousal
SDB, sleep-disordered breathing
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