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SCIENTIFIC INVESTIGATIONS

Sleep Medicine

Comorbidities, Health-Related Quality of Life, and Work Productivity Among
People With Obstructive Sleep Apnea With Excessive Sleepiness: Findings
From the 2016 US National Health and Wellness Survey

Carl Stepnowsky, PhD'; Kathleen F. Sarmiento, MD2%; Shay Bujanover, MD*; Kathleen F. Villa, MS*; Vicky W. Li, MPH?; Natalia M. Flores, PhD®

"University of California, San Diego, California; ?San Francisco VA Health Care System, San Francisco, California; *University of California San Francisco, San Francisco, California;
*Jazz Pharmaceuticals, Palo Alto, California; °Kantar Health, New York, New York; °Kantar Health, Foster City, California

Study Objectives: Few population-based studies have explored how excessive sleepiness (ES) contributes to burden of illness among patients with

obstructive sleep apnea (OSA).

Methods: This study utilized data from the annual, cross-sectional 2016 US National Health and Wellness Survey. Respondents self-reporting an OSA
diagnosis were categorized as having ES (Epworth Sleepiness Scale [ESS] score = 11) or not having ES (ESS score < 11). Comorbidities, health-related
quality of life (HRQoL), and productivity were examined in three groups: OSA with ES (n = 731), OSA without ES (n = 1,452), and non-OSA controls

(n = 86,961).

Results: The OSA with ES group had significantly higher proportions of respondents reporting depression (62.4% versus 48.0%), gastroesophageal reflux
disease (39.0% versus 29.4%), asthma (26.3% versus 20.7%), and angina (7.8% versus 6.7%) compared to the OSA without ES group (P < .05). After
controlling for covariates, the OSA with ES group had significantly lower (worse) scores for mental component score (41.81 versus 45.65 versus 47.81),
physical component score (46.62 versus 48.68 versus 51.36), and SF-6D (0.65 versus 0.69 versus 0.73) compared with OSA without ES and non-OSA
controls (all P <.001). The OSA with ES group had significantly higher (greater burden) mean rates of presenteeism (25.98% impairment versus 19.24%
versus 14.75%), work impairment (29.41% versus 21.82% versus 16.85%), and activity impairment (31.09% versus 25.46% versus 19.93%) compared with
OSA without ES and non-OSA controls (all P < .01) after controlling for covariates.

Conclusions: OSA with ES is associated with higher prevalence of comorbidities, reduced HRQoL, and greater impairment in productivity compared to OSA

without ES and compared to non-OSA controls.

Keywords: burden of illness, comorbidities, excessive sleepiness, health-related quality of life, obstructive sleep apnea
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BRIEF SUMMARY

patients with OSA.

Current Knowledge/Study Rationale: It is well documented that obstructive sleep apnea (OSA) is associated with negative ramifications including
decreased health-related quality of life (HRQoL) and increased prevalence of various comorbid illnesses. Although a growing body of evidence
suggests that excessive sleepiness (ES) in individuals with OSA imparts incremental HRQoL, comorbidity, and work productivity burdens beyond
those of OSA alone, few population-based studies have explored how ES contributes to burden of illness among patients with OSA.

Study Impact: Data from participants in the annual, cross-sectional 2016 US National Health and Wellness Survey found that those with OSA with
ES (n =731) had a higher prevalence of certain comorbidities, reduced HRQoL, and greater impairment in productivity compared to participants

with OSA without ES (n = 1,452) and compared to non-OSA controls (n = 86,961), even after controlling for covariates. These data reinforce the
importance of addressing ES as an independent and potentially treatable symptom associated with disease burden and hindered work productivity in

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by recurrent epi-
sodes of partial or complete airway collapse during sleep and is
commonly associated with loud snoring, oxygen desaturation,
and various manifestations of sleep disturbance.' It is not un-
usual for patients with OSA to have evidence of concomitant
central sleep apnea (complex sleep apnea); however, central
sleep apnea by itself occurs very infrequently, except in patients
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with heart failure.>* OSA, with or without central sleep apnea,
is a highly prevalent condition, estimated to affect 10% to 17% of
men and 3% to 9% of women older than 30 years in the United
States, with trends over past decades indicative of increasing
prevalence.’ Patients with OSA commonly experience frag-
mented, poor-quality sleep, which can lead to low energy, cog-
nitive deficits, mood changes, and excessive sleepiness (ES).6"!
ES is one of the most common symptoms of OSA'>!3 and
often persists despite treatment with continuous positive
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airway pressure (CPAP)."*"1¢ In one study of 149 patients with
severe OSA, 62.5% of patients highly compliant with CPAP
(= 7 h/night) continued to demonstrate pathologic sleepiness
based objectively on the multiple sleep latency test, yet only
7% demonstrated residual sleepiness based on the subjective
self-reported Epworth Sleepiness Scale (ESS), suggesting that
patients may not always recognize or report ES as a problem."
ES has been associated with health detriments ranging from
impaired cognition'” to increased mortality in elderly pa-
tients,'® and contributes to an increased risk of falls,'” motor
vehicle accidents,?*?' and work-related injury and fatalities.?**

It is well documented that OSA is associated with decreased
health-related quality of life (HRQoL)***" and an increase in
comorbid illnesses including cardiovascular disease and meta-
bolic disorders."**3° A growing number of studies suggest that
ES imparts an incremental burden of illness beyond that of OSA
alone, including increased comorbidities (eg, coronary artery
disease, depression, diabetes),*'* greater negative HRQoL ef-
fect,'¢2+337 and more substantial deficits in work productivity
measures.”**#" Existing research in this area has been limited
primarily to small sample sizes and/or clinic-based studies in-
volving patients referred for sleep diagnostic testing. Few pop-
ulation-based studies have explored the burden in patients with
OSA and ES. This study was designed to evaluate comorbidity
prevalence, HRQoL, and work productivity in individuals who
have OSA with ES, compared to those having OSA without ES
and non-OSA controls using data from a large, United States
national survey.

METHODS

Data Source

This study utilized data from the 2016 US National Health
and Wellness Survey (NHWS) (n = 97,503), an annual, rep-
resentative, cross-sectional, general health survey. NHWS is
a self-administered, internet-based questionnaire that uses a
randomly stratified sampling framework to ensure that the
demographic composition with respect to age, sex, and race/
ethnicity is representative of the United States adult population
based on governmental statistics.**

Study Sample

The sample for this analysis included survey respondents who
self-reported a diagnosis of sleep apnea and who completed
the ESS as a component of the survey. The survey item did
not specify type of sleep apnea. Given that sleep apnea almost
always includes an obstructive component and central sleep
apnea alone is rare,”* the term OSA is used hereafter. By sur-
vey design, approximately one-third of respondents reporting a
diagnosis of OSA were randomly selected to complete the ESS,
an eight-item questionnaire that scores respondents on how
likely they are to doze off during certain routine daily activities
(eg, sitting and reading, watching TV, etc). Scores for each item
(from 0 = no chance of dozing to 3 = high chance of dozing)
were totaled. ESS scores range from 0 to 24, with higher ESS
score indicating worse daytime sleepiness.** For this study, a
cutoff ESS score was used to categorize ES status; those who

Journal of Clinical Sleep Medicine, Vol. 15, No. 2

Burden of lliness: OSA With ES

scored 11 or higher were considered to have ES. Respondents
who self-reported a narcolepsy diagnosis were excluded.

Demographics and health characteristics for all participants
were summarized, including: age, sex, race/ethnicity, educa-
tion, employment, annual household income, smoking status,
alcohol use, exercise, body mass index, and Charlson Comor-
bidity Index (CCI). The CCI represents a weighted sum of mul-
tiple comorbid conditions predictive of mortality (see footnote,
Table 1), with higher scores indicating greater comorbidity
burden.® Patients were asked to report having a diagnosis of
comorbid conditions not included in the CCI including: de-
pression, high blood pressure (hypertension), atrial fibrillation,
high cholesterol, angina, unstable angina, asthma, and gastro-
esophageal reflux disease (GERD).

Quality of Life Measures

HRQoL was evaluated using the revised Medical Outcomes
Study 36-Item Short-Form Survey Instrument, version 2 (SF-
36v2).%6 The SF-36v2 is a multipurpose self-administered
health survey consisting of 36 questions covering eight do-
mains: physical functioning, role-physical, bodily pain, gen-
eral health, vitality, social functioning, role-emotional, and
mental health. Two summary scores were calculated: physical
component summary (PCS) and mental component summary
(MCS) scores. For the purpose of the current analysis, the PCS
and MCS summary scores were utilized as normed scores, as
recommended in the SF-36 user’s manual to simplify interpre-
tation of the data.*’ This was achieved by transforming the raw
scores for the items to a mean of 50 and a standard deviation
of 10 for the United States population. Normed scores were
calculated for both the eight SF-36v2 scales as well as for the
PCS and MCS summary scores. Scores were interpreted rela-
tive to a population average score of 50 as well as with other
comparison groups of interest. Higher scores indicate better
quality of life. In addition to generating profile and summary
PCS and MCS scores, the SF-36v2 was used to generate health
state utilities. This was achieved through application of the
SF-6D algorithm which is based on six domains from the SF-
36v2. The SF-6D is a preference-based single index measure
for health utilities using general population values.*® The SF-
6D index yields summary scores ranging from 0 (worst health
state) to 1 (best health state).

Work Productivity

Work productivity was measured using the Work Productivity
and Activity Impairment General Health (WPAI-GH) ques-
tionnaire, a six-item validated instrument consisting of: ab-
senteeism (percentage of work time missed because of one’s
health in the past 7 days), presenteeism (percentage of impair-
ment while at work in the past 7 days because of one’s health),
overall work productivity loss (an overall impairment percent-
age estimate combining absenteeism and presenteeism), and
activity impairment (percentage of impairment in daily activi-
ties because of one’s health in the past 7 days).”

Statistical Analysis

Outcomes were analyzed in the three study groups (OSA
with ES, OSA without ES, and non-OSA controls). Bivariate
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Table 1—Demographics and clinical characteristics by OSA/ES status.

OSAJES Status
OSA With ES OSA Without ES Non-OSA Controls One-Way
(n=731) (n=1,452) (n = 86,961) ANOVA (P)
Mean (SD) Mean (SD) Mean (SD)
Age 51.96 (13.63)*1 56.10 (13.79)* 45.73 (17.24) <.001
ccl 1.38 (1.82)*1 1.12 (1.58)* 0.36 (0.91) <.001
n (%) n (%) n (%) Chi-Square (P)
Sex Female 292 (39.9)*t 489 (33.7)* 51,737 (59.5) < 001
Male 439 (60.1)* 963 (66.3)* 35,224 (40.5)
Non-Hispanic white 490 (67.0)* 1,103 (76.0)* 54,946 (63.2)
.. Non-Hispanic black 79 (10.8) 98 (6.7)% 8,465 (9.7)
Race/Ethnicity Hispanic 66 (9.0) 91(6.3)" 9,108 (105) <.001
Other 96 (13.1)*1 160 (11.0)* 14,442 (16.6)
. Less than 4-year degree 434 (59.5)* 1 767 (52.9) 46,878 (54.0)
Education 4-year degree or more 296 (40.5)"1 684 (47.1) 39,925 (46.0) 009
< $25k 155 (21.2)*1 223 (15.4) 14,844 (17.1)
$25k to < $50k 176 (24.1) 325 (22.4) 21,248 (24.4)
ﬁ'l';‘;fé Household | 650y 10 < §75K 147 (20.1) 294 (20.2) 16,880 (19.4) 001
$75k or more 219 (30.0)t 534 (36.8)* 28,518 (32.8)
Decline to answer 34 (4.7) 76 (5.2) 5,471 (6.3)
Underweight (< 18.5) 7(1.0)* 8(0.6)* 2,501 (2.9)
Normal weight (18.5 to < 25) 56 (7.7)* 17 (8.1)* 31,308 (36.0)
BMI Category Overweight (25 to < 30) 134 (18.3)*t 355 (24.4)* 27,000 (31.0) <.001
Obese (= 30) 517 (70.7)*+ 936 (64.5)* 22,883 (26.3)
Unknown 17 (2.3)* 36 (2.5)* 3,269 (3.8)
Current smoker 129 (17.6)*t 200 (13.8) 12,245 (14.1)
Smoking Status Former smoker 247 (33.8)* 481 (33.1)* 20,579 (23.7) <.001
Never smoker 355 (48.6)*t 771 (53.1)* 54,137 (62.3)
Do not drink alcohol 287 (39.3)*t 523 (36.0) 29,793 (34.3)
Alcohol Use Drink alcohol 444 (60.7)* 1 929 (64.0) 57,168 (65.7) 007
Exercise Activity 0 times in the past month 360 (49.2)* 656 (45.2)* 28,980 (33.3) < 001
(at least 20 minutes) | At least 1 time in past month 371(50.8)* 796 (54.8)* 57,981 (66.7) '

= P < .05 versus non-OSA controls; T = P < .05 versus OSA without ES. CCI represents a weighted sum of multiple comorbid conditions predictive of
mortality (HIV/AIDS, metastatic tumor, lymphoma, leukemia, any tumor, moderate/severe renal disease, hemiplegia, diabetes, mild liver disease, ulcer
disease, connective tissue disease, chronic pulmonary disease, dementia, cerebrovascular disease, peripheral vascular disease, myocardial infarction,

congestive heart failure, and diabetes with end organ damage). BMI =
OSA = obstructive sleep apnea, SD = standard deviation.

body mass index, CClI

= Charlson Comorbidity Index, ES = excessive sleepiness,

comparison used one-way analyses of variance (continuous
outcomes) and chi-square tests (categorical outcomes) to ex-
amine the effect of OSA/ES status on HRQoL and WPAI-GH.
Multivariable analysis used generalized linear models control-
ling for covariates to examine the effect of OSA/ES status on
HRQoL and WPAI-GH." Stepwise selection was performed
to select significant covariates that predict absenteeism, MCS,
PCS, SF-6D, presenteeism, overall work impairment, and
activity impairment.

RESULTS

Study Population
The 2016 NHWS survey included 97,503 participants, of
whom 7,059 (7.2%) reported having a diagnosis of OSA. From
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the participants reporting a diagnosis of sleep apnea, 2,239
were randomly selected to complete the ESS (Figure 1). Af-
ter excluding 56 participants who self-reported narcolepsy, the
OSA group included 2,183 participants. Of these, 731 (33.5%)
had ESS scores consistent with having OSA with ES and 1,452
(66.5%) had OSA without ES. The non-OSA control group was
composed of 86,961 participants who did not self-report OSA
or narcolepsy.

Sociodemographic and clinical characteristics between the
three study groups (OSA with ES, OSA without ES, and non-
OSA controls) were significantly different for all variables
evaluated (Table 1). Compared to non-OSA controls, both
OSA groups (OSA with ES and OSA without ES) were charac-
terized by older age, higher percentages of males, higher non-
Hispanic White representation, more overweight and obese,
fewer “never smokers,” and lower proportions of individuals
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Figure 1—Study sample flowchart.

2016 US NHWS
respondents
(n = 97,503)

Self-reported

Did not self-report

experiencing fubings
slesp apnea (n = experiencing sleep
10,042) apnea (n = 87,461)

Self-reported a Did not self-report Reported Did not report

diagnosis of a diagnosis of experiencing experiencing

sleep apnea sleep apnea narcolepsy narcolepsy

(n =7,059) (n = 2,983) (n = 500) (n = 86,961)

(Non-OSA
Randomly controls)
selected to
complete the
ESS (n = 2,239)
Met ESS criteria Did not meet ESS
for excessive criteria for excessive
daytime sleepiness daytime sleepiness
(n=772) (n = 1,467)
Reported Did not report Reported Did not report

experiencing experiencing experiencing experiencing
narcolepsy narcolepsy narcolepsy narcolepsy
(n=41) (n=731) (n=15) (n=1,452)

(OSA with ES)

(OSA without ES)

ES = excessive sleepiness, ESS = Epworth Sleepiness Scale, OSA = obstructive sleep apnea, US NHWS = United States National Health and

Wellness Survey.

who exercised 20 minutes or longer at least once in the past
month. Among participants with OSA, the OSA with ES group
had a number of significant differences compared with the
OSA without ES group, including younger mean age, lower
percentage of males, less non-Hispanic White, lower propor-
tion of those who earned $75,000 or more, higher prevalence of
obesity, and significantly less “never smokers.” The OSA with
ES group had a significantly higher proportion of participants
who do not drink alcohol compared to non-OSA controls, and
a lower proportion of participants who had a 4-year degree
or higher compared to both OSA without ES and non-OSA
control groups.

Significantly more participants in the non-OSA control group
were employed full-time compared with both OSA groups
(P < .05) (Table 2). The percentage of participants on long-
term disability was significantly greater in both OSA groups
compared with non-OSA controls, and greater in the OSA with
ES cohort compared with the OSA without ES cohort.

Comorbidities

The mean CCI score was highest in the OSA with ES group
(1.38), and was significantly higher compared with the OSA
without ES group (1.12) and the non-OSA control group (0.36)
(both P <.05) (Table 1). The OSA with ES group had a signifi-
cantly higher prevalence in four of eight comorbidities not re-
flected in the CCI score (depression, GERD, asthma, unstable
angina) compared to the OSA without ES group (all P < .05),
and a significantly higher prevalence of all eight comorbidities
compared to non-OSA controls (all P <.05) (Figure 2).
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HRQoL

At a significance level of P < .05, all covariates were found
significant for MCS, PCS, and SF-6D in the stepwise selec-
tion; thus, all covariates were entered into each multivariable
regression model. After controlling for covariates, the OSA
with ES group had significantly lower mean scores for MCS
and PCS summaries and mean SF-6D health state utility score
compared with the OSA without ES group and non-OSA con-
trols (all P <.001) (Figure 3).

Work Productivity and Impairment

The work productivity analysis involved 49,206 participants
who reported being employed, 1,018 of whom reported a diag-
nosis of OSA. Among employed respondents with OSA, 35%
(358/1,018) had ES. Except for absenteeism, which was statisti-
cally similar between the OSA with ES and OSA without ES
groups, the OSA with ES group demonstrated greater impair-
ment in work productivity and activity outcomes compared to
the OSA without ES and non-OSA groups after controlling for
covariates (Figure 4).

DISCUSSION

To our knowledge, this is the first population-based study, as
well as one of the largest cohorts, in which the effect of ES
on comorbidity prevalence, HRQoL, and work productivity in
individuals with OSA with or without ES has been evaluated.
The findings suggest that OSA with ES is associated with a
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Table 2—Employment status and labor force participation by OSA status.

OSAJES Status
OS(:;N;?; ;ES OS(:‘ VZI:EI&uZt)Es Non( rfJ:Sg\ec’:g%r;t)rols Chi-Square (P)
n (%) n (%) n (%)
Employed full time 271 (37.1)* 506 (34.8)* 35,460 (40.8)
Self-employed 52 (7.1) 90 (6.2) 5,705 (6.6)
Employed part time 50 (6.8)* 106 (7.3)* 9,712 (11.2)
Homemaker 32 (4.4)* 58 (4.0)* 6,701 (7.7)
Employment | Retired 163 (22.3)*t 465 (32.0)* 15,269 (17.6) < 001
Status Student 15 (2.1)* 30(2.1)* 5,456 (6.3) '
Long-term disability 110 (15.0)*t 131(9.0)* 2,548 (2.9)
Not employed, but looking for work 20 (2.7)* 51(3.5)* 4,849 (5.6)
Not employed and not looking for work 11 (1.5) 13(0.9) 1,099 (1.3)
Short-term disability 7(1.00%t 2(0.1) 162 (0.2)
Labor Force |No 358 (49.0)* 750 (51.7)* 36,084 (41.5) < 001
Participation | Yes 373 (51.0)* 702 (48.3)* 50,877 (58.5) ’
o Not disabled 600 (82.1)*t 1,295 (89.2) 83,815 (96.4)
g;::f’s"'ty Short-term disability 7(10)* 5(03) 215(0.2) < 001
Long-term disability 124 (17.0)* 1 152 (10.5)* 2,931 (3.4)

Employment status is listed as a mutually exclusive category, but respondents may have selected more than one option. If they selected full-time employment
and disabled, they were considered full-time employed. * = P < .05 versus non-OSA controls; T = P < .05 versus OSA without ES. ES = excessive
sleepiness, OSA = obstructive sleep apnea.

Figure 2—Comorbidities by OSA status (with or without ES) and compared with controls not having OSA.

62.4 EXY
322
. 61.6 |k
24.8
*
39.0 EX
12.8
* 1
W OSA with ES (n =731)

26 Y I OSA without ES (n = 1,452)
Atrial fibrillation 8.4 K3
s @ Non-OSA controls (n = 86,961)
*
Angina F*
18
* T
Unstable angina *
.2
0 10 20 30 40 50 60 70

% of people reporting

Comorbidities were scored if they were ever experienced and were self-reported. * P < .05 versus non-OSA controls; T = P < .05 versus OSA without ES.
ES = excessive sleepiness, GERD = gastroesophageal reflux disease, OSA = obstructive sleep apnea.

wide range of measurable burdens relative to controls that also Inthe current study, mean CCI score was significantly greater
extend beyond those exacted by OSA alone, including higher  in the OSA with ES group relative to those with OSA without
comorbidity rates, lower HRQoL scores, and greater work and ES, indicating a generally higher overall burden of comorbid
productivity impairment. disease in the presence of ES. In addition, four comorbidities
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Figure 3—SF-36 health-related quality of life measures by OSA status, controlling for covariates.

B OSA with ES (n=731) @ OSA without ES (n=1,452) @ Non-OSA controls (n = 86,961)

52 1 Perfect health

50 4 Normal

48
46
44 A
42 A
40 A

38 A

Estimated mean score

36 4

34 4

32 4

30 -

MCS PCS Health Utility

Covariates included age, sex, race/ethnicity, income, education, BMI, smoking status, alcohol use, exercise activity, and Charlson Comorbidity Index. At
a significance level P < .05, sex and alcohol use were not significant for absenteeism, and sex and education were not significant for presenteeism or for
overall work impairment; thus, these covariates were not entered into the multivariable regression model for the respective outcomes. All covariates were
significant for activity impairment, and therefore, all covariates were entered into the multivariable regression model for activity impairment. * = P < .05
versus non-OSA controls; T = P < .05 versus OSA without ES. Error bars represent 95% confidence intervals. BMI = body mass index, Cl = confidence
interval, ES = excessive sleepiness, MCS = Mental Component Summary, OSA = obstructive sleep apnea, PCS = Physical Component Summary.

Figure 4—WPAI by OSA status after controlling for covariates.

B OSA with ES  OSA without ES = Non-OSA controls

Mean percent impairment

n= 358 660 48188 358 660 48,188 358 660 48188 731 1452 86961
Absenteeism Presenteeism Overall work Activity impairment
impairment

(absenteeism +
presenteeism)

Covariates included for each outcome: absenteeism (age, ethnicity, income, education, BMI, smoking status, exercise activity, and CCl), presenteeism
(age, ethnicity, income, BMI, smoking status, exercise activity, alcohol use, and CCl), overall work impairment (age, ethnicity, income, BMI, smoking
status, alcohol use, exercise activity, and CCl), and activity impairment (age, sex, ethnicity, income, education, BMI, smoking status, alcohol use, exercise
activity, and CCl). Questions only applicable to those working full-time, part-time, or self-employed: OSA with ES = 358, OSA without ES = 660, and non-
OSA controls = 48,188. Total is 49,206. * = P < .05 versus non-OSA controls; T = P < .05 versus OSA without ES. Error bars represent 95% confidence
intervals. BMI = body mass index, CCI = Charlson Comorbidity Index, Cl = confidence interval, ES = excessive sleepiness, OSA = obstructive sleep apnea,
WPAI = Work Productivity and Activity Impairment.

not reflected in the CCI score (depression, GERD, asthma, = OSA subgroups with ES 16313450 Gaga et al. found that pa-
and unstable angina) were noted in significantly higher pro- tients with ES had significantly higher mean values of depres-
portions of individuals with OSA and ES compared with OSA sion (P =.0067) and fatigue (P =.0099) (Pichot depression and
without ES or non-OSA controls. A number of prior studies fatigue scales) and reported worse overall health status than
have also reported higher rates of depression and anxiety in  those without ES.® Pepin et al. reported significantly poorer
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emotional health and energy levels (Nottingham Health Pro-
file scale) in patients with ES compared with those without ES
(both P <.003).' Lee et al. noted anxiety in 54.5% of patients
with OSA with ES compared with 42.9% of patients without
ES (State-Trait Anxiety Inventory-State Scale); ESS > 10 was
significantly associated with the presence of anxiety in patients
with OSA.°

Although ES has been reported to correlate positively with
blood pressure in patients with severe OSA,* our findings did
not suggest that ES was significantly associated with a higher
prevalence of hypertension among individuals with OSA. A
higher risk of diabetes mellitus has been previously reported
in patients with OSA and sleepiness (ESS > 10) compared with
OSA without sleepiness (odds ratios, 2.59 and 1.16, respec-
tively)*?; diabetes mellitus was not evaluated as an independent
comorbidity in the current study.

In the current study, impairment in HRQoL as assessed by
the SF-36 mental component and physical component summa-
ries, as well as health state utility scores, were significantly
worse in individuals reporting OSA with ES, even after adjust-
ing for a number of covariates, including comorbidity burden
(CCI score). These findings corroborate prior research in sleep
clinic populations that identified sleepiness as a significant
contributor to multiple facets of HRQoL in patients with OSA
as measured by the SF-122* and SF-36.35-36:31

Based on WPAI results in the current study, the presence of
ES in individuals with OSA was associated with a measurable
negative effect on work productivity compared to both OSA
without ES and controls without OSA. Individuals with ES
reported significantly higher rates of work-related impairment
as well impairment in non-work-related activities. A study by
Dean et al.” noted a WPAI presenteeism rate (% of impairment
while working) of 32.4% in people with OSA and ES, which is
similar to the adjusted rate observed in the current study in the
OSA with ES group (26.0%) and higher than the OSA without
ES group (19.2%). These rates of work impairment are simi-
lar to those reported for patients with other chronic diseases
such as diabetes, depression, and arthritis (22% to 33%).>
Mulgrew et al.*® found a clear relationship between ES and de-
creased work performance was found in a group of 428 blue-
and white-collar workers being evaluated for sleep-disordered
breathing. For all scales of the Work Limitations Questionnaire
except physical output, each 1-point increase in ESS correlated
with an additional 1% of time spent at suboptimal work perfor-
mance. These and other studies showing similar findings**4°
suggest that ES may be an independent risk factor for work
productivity impairment.

These data are subject to certain limitations. Data from the
NHWS are self-reported and cross-sectional. Thus, there is no
way to independently verify reported variables such as medical
diagnoses, including OSA status and comorbidities. However,
the survey offers little incentive to misrepresent one’s experi-
ences. It is worth noting that the prevalence of OSA in the sur-
vey results (7.2%) is generally consistent with prevalence rates
reported in other United States studies.” The ESS has limita-
tions in that it is based on self-reported sleep propensity, and
suitability has not been established in certain populations, such
as the cognitively impaired. Also, given the cross-sectional
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nature of the data, statements of causality cannot be made from
the study results. For example, the higher rates of some comor-
bidities (eg, GERD, asthma) could be a cause of ES, rather than
a consequence. Some previous studies have stratified popula-
tions by severity of OSA based on apnea-hypopnea index; this
was not possible in the current study, limiting the potential to
make OSA severity-based comparisons. However, given that
our data are expected to be reflective of all severities of OSA,
the results likely err on the side of underestimating the effect of
ES in persons with higher OSA severity. The data were gath-
ered from a United States cohort and may not be generalizable
to non-United States populations.

CONCLUSIONS

The results of this large national survey are consistent with
findings from smaller and practice-centered cohort studies
suggesting that the presence of ES increases the burden of ill-
ness in patients with OSA. These data reinforce the importance
of addressing ES as an independent and potentially treatable
symptom associated with disease burden and hindered work
productivity in patients with OSA.

ABBREVIATIONS

CCI, Charlson Comorbidity Index

CPAP, continuous positive airway pressure

ESS, Epworth Sleepiness Scale

ES, excessive sleepiness

GERD, gastroesophageal reflux disease

HRQoL, health-related quality of life

SF-36v2, Medical Outcomes Study 36-Item Short-Form
Survey Instrument, version 2

MCS, Mental Component Summary

NHWS, National Health and Wellness Survey

OSA, obstructive sleep apnea

PCS, Physical Component Summary

WPAI-GH, Work Productivity and Activity Impairment
General Health
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