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Study Objectives: Continuous positive airway pressure (CPAP) improves sleepiness in patients with obstructive sleep apnea, but some patients remain sleepy.
The objective of this study was to identify determinants that are associated with improvements in self-reported sleepiness in patients with obstructive sleep apnea
on CPAP therapy.

Methods: A retrospective cohort study was performed in a clinic-based population to determine which variables contributed to the improvement in the Epworth
Sleepiness Scale (ESS) in patients on CPAP therapy for OSA, stratified by baseline ESS score (< 11 or = 11). Variables associated with ESS scores normalizing
with CPAP were also assessed.

Results: Patients with a baseline high ESS score showed greater improvements in the ESS with CPAP. When looking at interactions between baseline ESS
classification and changes in ESS, we found that a higher apnea-hypopnea index was only associated with improvement in the ESS among patients with a high
baseline ESS. Other assessed factors or covariates were not significantly different. When looking at ESS normalization, we found that female sex and lower body
mass index were associated with a lower likelihood of ESS normalization. The difference in the rate of ESS normalization between females and males was higher
with more days on CPAP.

Conclusions: Of all the assessed factors and covariates, only the apnea-hypopnea index was associated with the change in the ESS differently in patients with a
high or normal baseline ESS score. ESS normalization rates were lower in females than in males, and this disparity was amplified by more days on CPAP.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleepiness remains a problem in many patients with obstructive sleep apnea despite adherence to continuous
positive airway pressure therapy. The purpose of this study was to identify determinants of improvement in self-reported sleepiness with continuous
positive airway pressure therapy.

Study Impact: This study showed that higher baseline Epworth Sleepiness Scale scores were associated with greater improvement in the Epworth
Sleepiness Scale and that female sex was associated with lower rates of Epworth Sleepiness Scale normalization. This suggests that sex may be a
determinant of persistent sleepiness in patients with obstructive sleep apnea on continuous positive airway pressure.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common disease in the
United States and worldwide.! OSA is caused by intermittent
collapse of the upper airway during sleep and can be treated by
continuous positive airway pressure (CPAP), which serves as a
pneumatic splint to maintain patency of the upper airway.
Although other treatments are available, CPAP remains the
mainstay of therapy for OSA.

Excessive daytime sleepiness (EDS) is a common complaint
of patients with OSA. The Epworth Sleepiness Scale (ESS) is
an 8-item questionnaire asking patients their likelihood of fall-
ing asleep in common situations. The ESS is commonly used in
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both clinical and research settings. An ESS = 11 is commonly
considered to indicate EDS.*'°

CPAP improves the ESS in patients with OSA, particularly in
those with a high baseline ESS (= 11) and severe OSA.'" In
patients with a normal baseline ESS, studies have shown contra-
dictory results, with some studies showing no improvement in
the ESS after treatment'' and other studies showing an improve-
ment in the ESS.%'? The reasons for this disparity in the literature
are unknown. Furthermore, in patients with a high baseline ESS,
the ESS often does not improve to the normal range with CPAP
therapy. Even with a relatively high amount of nightly CPAP
use, some patients continue to have an abnormally high ESS.*~>’
Although the literature has yielded somewhat conflicting results,
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variables implicated in the persistence of an abnormally high
ESS with CPAP therapy include depression, diabetes mellitus,
heart disease,” male sex, chronic pain,” and younger age.’

The objectives of the present study were to (1) identify varia-
bles independently associated with an improvement in the ESS
in patients with OSA on CPAP therapy, stratified by low or
high ESS score, and (2) in those in the high—ESS score group,
determine which characteristics are associated with a persis-
tently high ESS score.

METHODS

Study population

A retrospective cohort study was performed on the population
served by the Comprehensive Sleep Disorders Center at Rutgers
Robert Wood Johnson Medical School (New Brunswick, NIJ).
Records on patients seen between July 1, 2016 and December
31, 2019 were reviewed. Inclusion criteria included the follow-
ing: (1) age = 18 years, (2) apnea-hypopnea index (AHI) = 5
events/h, (3) CPAP therapy initiated within 1 year after OSA
diagnosis, (4) CPAP adherence data available for at least the first
30 days after initiation of CPAP therapy, and (5) baseline and
follow-up ESS data available within 90 days of starting CPAP
therapy (for baseline) and 30—120 days after starting CPAP (fol-
low-up). Because this study was done on a clinical population, in
keeping with insurance requirements for CPAP therapy, patients
with an AHI = 15 events/h or those with an AHI = 5 events/h
and a recognized comorbid condition were offered CPAP ther-
apy. Data were retrieved from the electronic medical record
(Centricity, General Electric, Chicago, IL), and CPAP therapy
data were obtained from either the Airview (Resmed, San Diego,
CA) or Encoreanywhere/CareOrchestrator (Philips Respironics,
Murrysville, PA) websites. Variables included age, sex, race,
body mass index (BMI), presence of diabetes or hypertension,
AHI on diagnostic sleep study, type of diagnostic sleep study,
average hours of CPAP use per night for the initial 30 days of
CPAP use, total days of CPAP use between initiation of CPAP
and administration of the second ESS, and ESS scores. CPAP
adherence was defined as use for > 4 hours per night for = 70%
of nights within the first 30 days. Average CPAP use over the
first 30 days was assessed because this point was common to all
patients in this study and there were no differences in average
CPAP use hours in the initial 30 days compared to the initial 90
days of CPAP use in either males or females. For patients with a
high baseline ESS, the average 30-day CPAP use was 5.0 £2.2
hours and the average 90-day CPAP use was 5.0 + 2.0 hours. For
patients with a normal baseline ESS, the average 30-day CPAP
use was 4.7 = 2.4 hours and the average 90-day CPAP use was
4.7 + 2.5 hours. The institutional review board at Rutgers Robert
Wood Johnson Medical School approved this study (New Bruns-
wick Health Sciences IRB—Pro20170000820), and ethical
standards were observed during the study.

Self-reported sleep measure
The ESS is an 8-item questionnaire asking patients to rate
their likelihood of falling asleep during common situations.
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Each item is scored on a scale of 0-3 with a maximum score
of 24. Patients were given an ESS with written instructions on
how to fill it out. If a patient asked for further assistance or clari-
fication, it was provided by clinical staff. Higher scores indicate
a higher likelihood of falling asleep. An ESS < 11 is commonly
considered to be normal, while an ESS = 11 indicates EDS.>!°
An improvement in a baseline ESS = 11 to < 11 with CPAP
therapy is considered normalization of the ESS.***

Sleep studies

Sleep studies were conducted by an accredited sleep laboratory.
Patients had either an in-laboratory polysomnogram or a home
sleep apnea test (HSAT). HSATs were done using the Apnea
Risk Evaluation System device.'” The device is worn on the
forehead and measures airflow from a nasal cannula connected
to a pressure transducer, oxygen saturation and pulse rate from
reflectance oximetry, snoring with a microphone, and head
movement and position from accelerometers. The Apnea Risk
Evaluation System device also provides audible alerts if the air
flow or oxygen saturation signals are of poor quality to enable
the patient to reposition the device. For HSATSs, apneas and
hypopneas associated with a desaturation of = 4% were scored.
In-laboratory polysomnograms were conducted according to
the guidelines of The AASM Manual for the Scoring of Sleep
and Associated Events: Rules, Terminology and Technical
Specifications.'* Scoring was done according to American
Academy of Sleep Medicine criteria, which recognize apneas,
hypopneas associated with a desaturation of = 3%, and hypo-
pneas associated with an electrophysiologic arousal. When
required by Medicare or Medicaid, the alternate rule was used.
The alternate rule recognizes apneas and hypopneas associated
with a desaturation of = 4%. All studies were scored by a
board-certified sleep physician.

Statistical methods

Patient baseline characteristics are presented using summary
statistics (mean + standard deviation, or proportions). We clas-
sified the baseline ESS scores into normal vs high (ESS <11 vs
ESS = 11) and used linear regression analysis to assess the
association between the change in ESS scores after CPAP and
the baseline ESS classification (normal vs high), controlling for
one or more of the following covariates in the statistical models:
age, sex, race, BMI, presence of diabetes, presence of hyperten-
sion, AHI, average hours of CPAP use over the initial 30 days,
type of sleep study on initial diagnosis (HSAT vs polysomno-
gram), and total days of CPAP use between initiation of CPAP
and administration of the second ESS. Interactions between
each covariate and ESS classification were also examined.
Regression coefficient estimates, representing the mean change
of the ESS associated with one unit increase in the continuous
covariates or the difference between classes of a categorical
variable, were presented with the 95% confidence intervals
(CIs) and P values. We next defined ESS normalization as
a baseline ESS > 11 decreasing to < 11 after CPAP therapy.
Logistic regression analysis was applied to a subset of patients
whose baseline was ESS = 11 to study the association of ESS
normalization (yes/no) with average hours of CPAP use over
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the initial 30 days, sex, and the following covariates: age, race,
BMI, presence of diabetes, presence of hypertension, AHI, type
of sleep study on initial diagnosis (HSAT vs polysomnogram),
and total days of CPAP use between initiation of CPAP and
administration of the second ESS. Interactions of ESS normali-
zation with sex and each covariate were also examined. Odds
ratio (OR) estimates associated with per-unit change in a con-
tinuous covariate or a between-class comparison with respect to
a categorical variable were presented with 95% Cls and P val-
ues. Analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC).

RESULTS

Two hundred six patients were included in this study. Of these,
203 patients were started on auto-CPAP, 1 on fixed-pressure
CPAP, and 2 on fixed-pressure bilevel positive airway pressure
therapy. For ease of discussion, all positive airway pressure
therapy in this study is referred to as CPAP. The study cohort
had an age of 54.9 £ 11.7 (mean * standard deviation) years and a
BMI of 35.3 + 7.7 kg/m?, and 56.3% of the patients were male.
Ninety-seven patients (47.1%) had a baseline ESS score > 11 and
109 (52.9%) had a baseline ESS score < 11. The level of OSA
severity was moderate, with an AHI of 29.4 + 23.5 events/h. The
average number of days on CPAP until administration of
the post-CPAP ESS was 59.4 + 19.6. Average CPAP use was
4.8 + 2.3 hours per day, and 62.6% of the patients met the defini-
tion for CPAP adherence within the initial 30 days of use. Base-
line demographics and information are presented in Table 1.

To elucidate the relationship between the change in the ESS
score with CPAP and the baseline ESS classification (normal vs
high), a linear regression analysis was conducted. In a model
considering all included covariates (Table 2), only baseline
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ESS classification and days on CPAP were significant. Specifi-
cally, the results showed that the change of ESS with CPAP
was statistically lower in those whose baseline ESS was classi-
fied as normal, compared to those whose baseline ESS was
classified as high (8 =3.78; 95% CI, 2.79-4.77; P < .001). ESS
scores after CPAP decreased with number of days on CPAP
(B=-0.04;95% CIL, -0.06 to —0.01; P =.003). In separate linear
regression analyses with each covariate in addition to baseline
ESS classification, only AHI and days on CPAP were significant.
Specifically, the mean change in ESS scores after CPAP decreased
by 0.03 if the AHI score increased by 1 unit (8 = —0.03; 95%
CI, —0.046 to —0.004; P = .018) and decreased by 0.03 if CPAP
use increased by 1 day (8 =-0.03; 95% CI, —0.051 to —0.002; P =
.037). No statistically significant interaction between baseline ESS
classification and any covariate was found. However, for those
with a baseline high ESS score (= 11), their ESS scores signifi-
cantly decreased with AHI (3 =-0.05; 95% CI, —0.075 to —0.014;
P =.004); for those with a normal baseline ESS score (< 11), there
was no significant correlation between changes in ESS and AHI
(Figure 1). These data showed that there was a greater decrease in
the ESS with a higher baseline AHI only in patients with a high
baseline ESS score.

Of the 97 patients with a high baseline ESS, 40 patients had a
persistently high ESS after CPAP therapy, while 57 patients
developed a normal ESS. To determine which covariates were
associated with normalization of the ESS with CPAP use, a
logistic regression analysis was conducted with normalization
of the ESS (yes vs no) as the dependent variable. Considering
all included covariates, only sex and BMI were significant
(Table 3). Specifically, female sex was associated with a
decreased likelihood of ESS normalization compared to males
(OR, 0.34; 95% CI, 0.12-0.99; P = .048) and higher BMI was
associated with an increased likelihood of ESS normalization
(OR of ESS normalization associated with per-unit increase in

Table 1—Baseline characteristics.

Variable Overall Female Male

n 206 90 116
Age, y 549 £ 11.7 572 £12.2 531+ 11.0
BMI, kg/m? 353177 37380 3391741
Diabetes, % 28.6 32.2 259
Hypertension, % 51.9 60.0 457
AHI, events/h 294 £ 235 251 +£18.9 32.7 + 261
HSAT, % 64.1 58.9 68.1
Average 30-day CPAP usage (h/d) 48 +23 47125 50+22
Adherent (30-day, > 4 h/d > 70%), % 62.1 55.6 67.2
Days on CPAP 59.4 + 19.6 60.0 £ 20.8 58.9 + 18.7
Baseline ESS 102+ 54 105+ 5.9 10.0 £ 5.0
Post-CPAP ESS 77144 82+47 74 £42
High baseline ESS, % 47.1 51.1 44,0

Adherent means those patients meeting Medicare requirements (> 4 hours of use per day, for > 70% of days, within the initial 30 days of CPAP use). Data are
presented as mean * SD or percentages. AHI = apnea-hypopnea index, BMI = body mass index, CPAP = continuous positive airway pressure, ESS =
Epworth Sleepiness Scale, HSAT = home sleep apnea test, SD = standard deviation.
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Table 2—Linear regression analysis with change in the ESS
with CPAP as the dependent variable.

Table 3—Logistic regression analysis with normalization of the
ESS with CPAP (yes vs no) as the dependent variable.

Variable B Estimate?® (95% Cl) P Variable OR? (95% Cl) P

Baseline ESS (< 11 vs = 11) 3.78 (2.79 to 4.77) <.001 Average CPAP use/d (h) 1.18 (0.941.49) 151
Average CPAP use/d (h) -0.14 (-0.36 to 0.08) 212 Age (y) 1.01 (0.971.06) .560
Age (y) -0.01 (-0.06 to 0.03) 546 Sex (female vs male) 0.34 (0.120.99) .048
Sex (female vs male) 0.30 (-0.76 to 1.35) 580 Race (Black vs others) 0.64 (0.123.55) 613
Race (Black vs others) 1.48 (-0.37 to 3.33) 116 Race (Hispanic vs others) 1.59 (0.298.66) .593
Race (Hispanic vs others) -0.38 (-2.42 to 1.65) 709 Race (White vs others) 2.45 (0.639.51) 195
Race (White vs others) 0.37 (-1.22 to 1.96) 645 BMI (kg/m?) 1.08 (1.011.16) .031
BMI (kg/m?) -0.01 (-0.08 to 0.05) .664 Hypertension (yes vs no) 1.85 (0.605.75) .286
Hypertension (yes vs no) 0.19 (-0.94 to 1.31) 746 AHI 1.00 (0.981.02) 816
AHI -0.02 (-0.05 to 0.00) .056 CPAP use (d) 1.01 (0.991.04) 273
CPAP use (d) -0.04 (-0.06 to —0.01) .003 Diabetes (yes vs no) 0.43 (0.141.37) 155
Diabetes (yes vs no) -0.98 (-2.13 to 0.17) .095 HSAT vs polysomnogram 0.72 (0.26-2.00) 524
HSAT vs polysomnogram -0.37 (-1.42 to 0.69) 493

®Regression coefficient estimates represent the mean change of ESS
associated with 1-unit increase in the continuous covariates or the difference
between classes of a categorical variable. High baseline ESS and increasing
numbers of days on CPAP were associated with a greater decrease in the
ESS. AHI = apnea-hypopnea index, BMI = body mass index, Cl = confidence
interval, CPAP = continuous positive airway pressure, ESS = Epworth
Sleepiness Scale, HSAT = home sleep apnea test.

BMI was 1.08; 95% CI, 1.01-1.16; P =.031). To further explore
the relationship between sex and ESS normalization, a logistic
regression analysis was carried out with each covariate and sex.
Only BMI was significant (OR, 1.06; 95% CI, 1.00-1.13; P =
.037). Moreover, in separate logistic regression analyses that
included the main effects and interaction between each covari-
ate and sex, there was a significant interaction of days of CPAP
use and sex, suggesting that the OR of normalization associated
with days of CPAP use was significantly higher in males than

Figure 1—Baseline ESS was a determinant of the change
in the ESS with increasing AHI.

Change of ESS Score

0 50 100 150
AHI

|Base[ine ESS Classification <11

>=11]

There was a greater decrease in the ESS with a higher baseline AHI only
in patients with a high baseline ESS score. AHI = apnea-hypopnea index,
ESS = Epworth Sleepiness Scale.
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%0R estimates associated with per-unit increase in a continuous covariate
or between-class comparison of a categorical variable. Female sex and
lower BMI were associated with lower rates of ESS normalization. AHI =
apnea-hypopnea index, BMI = body mass index, Cl = confidence interval,
CPAP = continuous positive airway pressure, ESS = Epworth Sleepiness
Scale, HSAT = home sleep apnea test, OR = odds ratio.

in females (OR, 1.05; 95% CI, 1.01-1.10; P = .014 in males;
OR, 0.99; 95% CI, 0.97-1.02; P = .650 in females; the ratio
between the OR of males and females was 1.06; 95% CI,
1.01-1.12; P=.021). To enable visual presentation of these sex
differences with longer durations of CPAP use, days of CPAP
use were grouped into 30—49 days, 50-69 days, and = 70 days
(Figure 2). The data show that ESS normalization rates were
higher in males with longer duration of CPAP use compared to
females.

The present analysis did not show a change in ESS normali-
zation with increasing hours of CPAP use per night. This find-
ing indicates that the lower rates of ESS normalization in
females were not due to lower hours of CPAP use per night. To
directly compare these results to previously published studies
assessing the relationship between ESS normalization and
hours of CPAP use,>* Table 4 presents the raw numbers in
females and males. ESS normalization rates were generally
lower in females than in males across different hours of use
categories.

DISCUSSION

The purpose of the present study was to assess whether the vari-
ables associated with improvement in the ESS in patients with
OSA on CPAP were different if the baseline ESS was high or
normal and, in patients with a high baseline ESS, to assess
which variables were associated with improvement of the ESS
to a normal value. Perhaps the most striking finding was that
when looking at improvement of the ESS from high to normal
with CPAP (ie, normalization of the ESS), female sex was

September 1, 2022



MT Scharf, P Zhang, NA Walker, et al.

Figure 2—ESS normalization rates with greater duration of
CPAP use.
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ESS normalization rates were higher in males with longer duration of CPAP
use. CPAP = continuous positive airway pressure, ESS = Epworth
Sleepiness Scale.

associated with lower rates of normalization. Furthermore,
there was a significant interaction between ESS normalization,
sex, and days of CPAP use. The longer that patients were on
CPAP within the prespecified limits of this study (< 120 days),
the greater this divergence in normalization rates between
females and males. For example, if we compare the use of
CPAP for 90 days vs 30 days (a difference of 60 days of use),
the odds of normalization in females were only 3% of the odds
in males. This finding has not previously been reported.

There are a number of possible explanations for the difference
in normalization rates between males and females. It could be
simply that females need more time than males to normalize the
ESS. Indeed, in one very large study where ESS was assessed at
baseline and 6 months later, female sex was associated with a
higher, not lower, likelihood of ESS normalization.” There were
some differences in the variables assessed between that study
and the present one: Depression in that study and diabetes and
hypertension in the present study, and that the other study was a
clinical trial (the APPLES trial) and the present study was done
in a routine clinical setting. Given the fact that the proportion of
females to males who normalized the ESS diverged over the

Sex differences in sleepiness normalization

limited time frame of the present study (30 to < 120 days), it
seems unlikely that in the study cohort there is an inflection point
beyond 120 days where the rates of ESS normalization between
females and males become similar. The aforementioned study
evaluated the post-CPAP ESS at a single time point (6 months)
and therefore could not assess how these changes evolved over
time. Why one study showed female sex associated with higher
rates of ESS normalization and the present study showed lower
rates of ESS normalization clearly requires further elucidation.

It is possible that in females, high ESS is due to different rea-
sons than in males. In a mouse model of OSA using intermittent
hypoxia with assessment of sleepiness with a murine multiple
sleep latency test, young female mice were resistant to the
effects of intermittent hypoxia compared to male mice but
showed greater sleepiness following sleep deprivation.' These
data suggest that young female mice do not develop sleepiness
with the intermittent hypoxia model of OSA but are more sensi-
tive to sleep deprivation compared to male mice. If sleepiness
in females with OSA is not as directly linked to the OSA itself
as compared to sleepiness in males, then one could argue that
since CPAP treatment is addressing the direct deleterious con-
sequences of OSA such as intermittent hypoxia, males are more
likely to benefit than females. Interestingly, the present study
does not suggest that females just need a higher number of
hours of CPAP use to normalize the ESS at rates similar to those
in males. The present study also did not directly assess sleep
quality, which may have improved differently in females and
males. Studies looking at other factors that may contribute to
sleepiness in females vs males may be illuminating.

A higher BMI was associated with a higher likelihood of
ESS normalization with CPAP therapy. In the APPLES study,
there was no relationship between BMI and likelihood of ESS
normalization with CPAP therapy.” It is unclear why these
results are different (see discussion, 2 paragraphs above). Since
different categories of BMI (eg, normal, overweight, obese, mor-
bidly obese) were not prespecified to ensure adequate numbers
of patients in each group, a BMI-stratified analysis was beyond
the scope of this study. A study with adequate representation of
different categories of BMI may yield more insights.

Consistent with most earlier studies,'' high baseline ESS
scores were associated with greater improvements in the ESS in
the present study. When looking at the interaction between
baseline ESS scores and the other assessed covariates and fac-
tors, we found that there were greater improvements in the ESS
in patients with a higher AHI only in patients with a high

Table 4—ESS normalization stratified by hours of use category and sex.

CPAP Use (h/night)

Percentage ESS

Normalization <2 2to<4 4to<5 5to<6 6to<7 27
Female 14.3% (1/7) 50.0% (5/10) 40.0% (2/5) 81.8% (9/11) 0.0% (0/2) 45.5% (5/11)
Male 25.0% (1/4) 62.5% (5/8) 83.3% (5/6) 81.3% (13/16) 50.0% (5/10) 85.7% (6/7)

ESS normalization rates were generally lower in females than in males across different hours of use categories. CPAP = continuous positive airway pressure,

ESS = Epworth Sleepiness Scale.
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baseline ESS score. Baseline AHI has been demonstrated to be
one of many variables associated with the ESS,'® and the AHI
was not associated with the improvement in the ESS with
CPAP therapy in a large clinical trial.” The results from the pre-
sent study suggest that OSA severity, as assessed by the AHI, is
associated with the improvement in the ESS with CPAP therapy
predominantly in patients with a high baseline ESS.

One surprising result of the present study was that a relation-
ship between hours of CPAP use and the improvement in the
ESS was not observed. This may have been due, at least in part,
to the relatively adherent cohort in this study. Nearly two-thirds
of the patients met Medicare criteria for CPAP adherence within
the first 30 days of use (= 4 hours per day for = 70% of nights).
The high adherence rates in this study are likely due to the
inclusion criteria requiring patients to return for a follow-up
visit after starting CPAP to fill out the second ESS. Indeed, in
a clinical population at a Veterans Affairs medical center,
those patients who returned to the clinic for a follow-up visit
after starting CPAP had more than double the average hours of
nightly CPAP use.'” It is likely that if the study cohort had a
wider range of hours of nightly CPAP use, then there would
have been more improvement in the ESS with higher amounts
of CPAP use. Therefore, one limitation of the present study
is an underrepresentation of a less CPAP-adherent cohort.
Whether the observed differences in ESS normalization rates
between females and males will hold true with a less-adherent
cohort is unknown.

The common convention of using a threshold of ESS = 11 to
define sleepiness was used in the present study. This number
was first suggested in the original ESS validation study of Johns
in 1991.% Since then, many studies have followed this conven-
tion.>7%"' Interestingly, in a study looking at ESS normaliza-
tion using a threshold of ESS > 11 in relation to daily hours of
CPAP use, the authors found a threshold of CPAP use beyond
which there was relatively little improvement in the rate of ESS
normalization. Similar results were obtained with use of other
ESS thresholds (8 or 12).? This finding suggests that the use of
a particular threshold within this narrow range of ESS values is
unlikely to make a large difference.

One limitation of the present study is the use of a
self-reported measure of sleepiness, the ESS. The optimal way
to assess sleepiness remains an ongoing issue. The correlation
between self-reported sleepiness measures and deleterious out-
comes including mortality'®2° suggests that there is biological
significance to self-reported measures of sleepiness. In the
APPLES study,” sleepiness was assessed with the self-reported
ESS and objectively with the Maintenance of Wakefulness
Test. Female sex, absence of chronic pain, and CPAP use of
> 4 hours per night were associated with a lower chance of a
high ESS (= 11) at 6 months, but only CPAP use of > 4 hours
per night was associated with a lower chance of an abnormally
sleepy Maintenance of Wakefulness Test score (< 20 minutes).’
This finding suggests that there is likely some overlap in what is
being measured by self-reported and objective testing, but there
are likely some differences as well.

Another limitation of the present study is the use of HSATs
as the predominant form of OSA testing where measures of
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baseline sleep quality or sleep fragmentation cannot be assessed.
It is possible that the sleep disturbance caused by OSA was dif-
ferent between females and males in this study, which may have
affected the response to CPAP therapy. An additional limitation
is a lack of menopausal status in females. Menopause increases
OSA risk,”" and it is possible that changes in sleepiness with
CPAP may be different before or after menopause. Finally, this
was a retrospective study that could be subject to unknown con-
founders or biases. Prospective studies, particularly those investi-
gating the role of sex in changes in the ESS over time with
CPAP, would be very valuable.

One strength of the present study is that nearly 45% of the
study cohort was female. Historically, most studies assessing
OSA and CPAP have had a predominantly male population.
For example, in 2 studies assessing the relationship between
ESS normalization and hours of CPAP use, the cohort was 86%
male in 1 study® and 75% male in another study.” These studies
did not address the contribution of sex either directly” or at all.*
A secondary analysis of 1 of these studies® showed similar
improvements in the ESS in males and females overall (as did
our study; see Table 2) but did not assess ESS normalization
rates.”” Interestingly, in a recent study comparing the patient
populations seen in a sleep clinic vs randomized controlled tri-
als for cardiovascular outcomes for patients with OSA on
CPAP, the authors suggested that the underrepresentation of
females in randomized controlled trials is a factor limiting the
generalizability of these studies to real-world patient popula-
tions.”® The underrepresentation of females in much of the liter-
ature on OSA and CPAP is a significant limitation of the
understanding of OSA in females.

EDS is important not only because it is an unpleasant feeling
for patients, but also because it is associated with deleterious con-
sequences such as an increased risk for motor vehicle crashes,**
occupational injury,”* and cognitive impairment in older adults*®
and is independently associated with increased mortality.'®>°
EDS in patients with OSA on CPAP is a common clinical prob-
lem. The reasons for the lower rates of ESS normalization in
females in the present study are unknown. Future studies assess-
ing other variables including psychological factors, sleep dura-
tion, sleep quality, circadian factors, and longer durations of
CPAP use would likely be informative. Sex differences are likely
to have substantial impacts on the benefits of CPAP therapy, and
the elucidation of the various contributing elements is likely to
impact the treatment of OSA in females.

ABBREVIATIONS

AHI, apnea-hypopnea index

BMI, body mass index

CI, confidence interval

CPAP, continuous positive airway pressure
EDS, excessive daytime sleepiness

ESS, Epworth Sleepiness Scale

HSAT, home sleep apnea test

OR, odds ratio

OSA, obstructive sleep apnea
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