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Abstract

Study objectives Obstructive sleep apnea (OSA) is common, yet the relationship between mild OSA and excessive daytime
sleepiness (EDS) is unclear. Our objective was to determine the prevalence of objective EDS in a population with mild OSA
using the mean sleep latency (MSL) from the multiple sleep latency test (MSLT).

Methods We retrospectively analyzed 1205 consecutive patients who underwent a polysomnography and a following day
MSLT at a single sleep center. Adult patients who met criteria for mild OSA with an apnea—hypopnea index of 5 to <15
events/h were identified, and the percentage of patients with a MSL < 8 min was determined. Sleep study and demographic
variables were examined to evaluate predictors of objective EDS.

Results Of 155 patients with mild OSA, objective EDS was found in 36% (56/155) with an average MSL of 5.6 +£2.1 min
in the objectively sleepy patients. Objectively sleepy patients with mild OSA had greater total sleep time (411.6 +48.9 vs.
384.5 +£61.7 min, p=0.004), increased sleep efficiency (84.9 +£9.7 vs. 79.7 + 12.7%, p=0.01), and decreased wake after sleep
onset time (53.0+36.9 vs. 67.4+46.1 min, p=0.04) compared to patients with mild OSA but without objective EDS, with
total sleep time being an independent predictor of MSL (p=0.006). The Epworth Sleepiness Scale (ESS) weakly correlated
with objective EDS (p= —0.169, p=0.03).

Conclusions There is a large subgroup of patients with mild OSA patients who have objective sleepiness. This may represent
an ideal subgroup to target for future studies examining the effect of treatment in mild OSA. Additionally, the ESS was a
poor predictor of this subgroup with mild OSA and objective EDS.

Keywords Mild obstructive sleep apnea - Objective sleepiness - Objective excessive daytime sleepiness - Mean sleep
latency - Multiple sleep latency test - Sleep-disordered breathing

Introduction

Obstructive sleep apnea (OSA) is a sleep-related breath-

ing disorder that is characterized by prolonged partial or

complete blockages of the upper airway that disrupts sleep

Research was performed at Vanderbilt Medical Center. and has been associated with sleepiness and other adverse
All authors stated above have viewed and approved this effects including cardiovascular and cerebrovascular disease.
manuscript. [1-3] The severity of OSA is classified into mild, moderate,
and severe based on the number of apneas and hypopneas
per hour of sleep. Mild OSA is defined as an apnea—hypo-
pnea index (AHI) of 5 to less than 15 respiratory events
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(AASM) considers treatment with continuous positive air-
way pressure (CPAP) the standard of practice. [8] This rec-
ommendation derives from strong evidence demonstrating
that both moderate and severe OSA are closely associated
with sleepiness. [8, 10] In similar studies examining exces-
sive daytime sleepiness (EDS) in mild OSA, this relationship
has been less clear and the AASM considers it optional to
treat mild OSA with CPAP [8, 11-16].

To date, the studies that have investigated the prevalence
of EDS in patients with mild OSA have mainly used sub-
jective measures of sleepiness such as the Epworth Sleepi-
ness Scale (ESS). [12-16] While the ESS is easy to conduct
and has a minimal financial cost, it has been shown to be
a poor predictor of the severity of OSA and is considered
unreliable. [17-20] Objective measures of EDS, such as the
mean sleep latency (MSL) on the multiple sleep latency test
(MSLT), have been shown to correlate better with the sever-
ity of OSA and may be more suitable to investigate this rela-
tionship between EDS and mild OSA. [21, 22]

Therefore, our primary goal was to investigate the preva-
lence of objective EDS in a population with mild OSA using
the MSL from the MSLT. Additionally, we examined for
demographic and sleep study predictors of objective EDS
and investigated the correlation between the ESS and MSL.

Methods
Study population and study design

We retrospectively examined 1205 consecutive patients
who underwent both a polysomnography (PSG) and follow-
ing daytime MSLT at a single comprehensive sleep center
between the years 2008 and 2017. Patients were reclassified
using the International Classification of Sleep Disorders 3rd

edition (ICSD-3) criteria and adult patients (age > 18 years)
with mild OSA were identified. Mild OSA was defined as
an AHI of >5 and < 15 events/h. Patients were excluded if
they met ICSD-3 criteria for narcolepsy, had a previous sleep
disorder diagnosis including idiopathic hypersomnia, or had
previously been treated with CPAP. [1] Demographic, PSG,
and MSLT variables were collected through a retrospective
electronic medical record review. The study design is sum-
marized in Fig. 1.

Laboratory polysomnography protocol

All overnight PSGs were performed at an AASM accred-
ited sleep center and were recorded digitally using Nihon-
Kohden Diagnostic Systems (Neurofax EEG-1100, Polys-
mith 6.0, Nihon-Kohden Corporation, Tokyo). PSGs were
conducted according to technical specifications from the
AASM. [23] The PSG consisted of six electroencephalog-
raphy (EEG) channels (F3, F4, C3, C4, 01, 02) with use of
the International 10-20 system, three chin and bilateral leg
(over anterior tibialis muscle) surface electromyogram leads,
two electrooculogram leads, two electrocardiogram leads,
snore microphone, respiratory effort belt over the chest and
abdomen, pulse oximetry, thermocouples, and nasal pres-
sure cannulas.

Scoring and sleep staging were in accordance with the
AASM Scoring Manual and performed by a trained sleep
technologist. [23, 24] PSG parameters included nocturnal
sleep onset REM period (nSOREMP) (REM sleep recorded
within 15 min of sleep onset); apneas (greater than 90%
decrement in the thermistor for at least 10 s); hypopneas
(50-90% decrement in the nasal pressure transducer for at
least 10 s with a concurrent 3% or greater oxyhemoglobin
desaturation or an EEG arousal); AHI; sleep efficiency;
sleep onset latency; REM latency; quantity of time spent in

Fig. 1 Flow chart of study
design. There were 155 patients

Patients who underwent a nocturnal Polysomnography and following day
who met inclusion criteria and Multiple Sleep Latency Test from 2008 to 2017 (n=1205)

were included in this study.
AHI, apnea-hypopnea index;
OSA, obstructive sleep apnea

1022 patients with no
diagnosis of OSA

* Excluded from study

Patients diagnosed with OSA (n=183)

l
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N1, N2, N3, and REM sleep stages; periodic leg movement
index; and arousal index.

Multiple sleep latency test protocol

All patients underwent an MSLT at an AASM accredited
sleep center. The MSLT was performed the subsequent
morning following the PSG and performed according to
established AASM guidelines. [24] MSLT parameters
included MSL, number of nap sessions with sleep, and sleep
onset REM periods (SOREMPs) (if REM sleep occurred
within 15 min of sleep onset). Objective excessive daytime
sleepiness was defined as an MSL <8 min.

Epworth Sleepiness Scale

The ESS is a widely used measure to grade subjective sleepi-
ness. [25] The ESS consists of 8 questions that ask the sub-
jects to rate their likelihood of sleeping (on a scale of 0-3) in
common daily life situations. All patients completed the ESS
prior to the start of the PSG. Subjective excessive daytime
sleepiness was defined as an ESS score> 10.

Statistical analysis

Data analysis was performed using IBM SPSS Statistics
24.0 (IBM-Armonk, NY, USA). The percentage of patients
with mild OSA who met criteria for objective EDS from the
MSL was calculated, and patients were then separated into
a mild OSA with objective EDS and a mild OSA without
objective EDS group. Univariable analysis was performed to
examine for predictors of objective EDS. The Shapiro—Wilk
test was used to test for normality. Categorical variables
were compared by y? test and continuous variables were
compared by independent ¢-test or Mann—Whitney U test, as
appropriate. Additionally, ordinal variables were compared
by Mann—Whitney U test. Statistical significance was set at
p <0.05. To determine predictors independently associated
with objective EDS, multivariable linear regression analysis
was performed on variables that were statistically significant
during univariable analysis with MSL as the dependent vari-
able. Collinearity was tested by the variance inflation factor
(VIF), and variables with VIF > 10 were excluded.

To examine correlations between subjective and objec-
tive EDS, Spearman’s rank coefficient correlation was per-
formed between the ESS and MSL. The predictive power
of subjective sleepiness towards objective sleepiness was
calculated through the positive predictive value. In addition,
correlations between both the ESS and MSL to the AASM
AHI were performed using Spearman’s rank correlation
coefficient.

Results

Mild OSA population

Baseline and PSG characteristics

There were a total of 1205 untreated patients during this
time period that had both a PSG and following day MSLT.
Of these patients, 155 (13%) had mild OSA. Table 1 sum-

marizes the demographic, PSG, and MSLT characteristics
of the mild OSA patients. Patient ages ranged from 18 to

Table 1 Mild OSA demographic, PSG, MSLT, and ESS data

Variables Mild OSA
patients
(n=155)
Demographic
Age (years) 40.1+12.9
Gender (% male) 37
BMI (kg/m?) 29.8+6.9
PSG
AASM AHI (#/h) 85+2.7
NREM AHI (#/h) 7.0+3.4
REM AHI (#/h) 153+11.5
Arousal index (#/h) 17.5+7.8
Min SpO2 (% sat) 81.0+23.9
Min REM SpO2 (% sat) 89.7+4.3
Min NREM SpO2 (% sat) 88.8+4.0
Mean SpO2 (% sat) 945+1.6
Total sleep time (min) 394.3+58.7
Sleep latency (min) 2244244
REM latency (min) 149.5+102.1
nSOREMP (#) 0
WASO (min) 62.2+43.4
Sleep efficiency (%) 81.5+12.0
N1 sleep (%) 10.6+6.2
N2 sleep (%) 65.7+8.4
N3 sleep (%) 59+7.7
REM sleep (%) 17.5+7.2
PLMI (#/h) 5.8+10.5
PLMI with arousals (#/h) 0.7+1.6
MSLT
Mean sleep latency (min) 10.6+4.7
Naps with sleep (#) 38+1.2
SOREMP (#) 0
ESS
ESS* 13.9+5.0

AASM, American Academy of Sleep Medicine; AHI, apnea—hypo-
pnea index; BMI, body mass index; ESS, Epworth Sleepiness Scale;
MSLT, multiple sleep latency test; NREM, non-rapid eye movement
sleep; nSOREMP, nocturnal sleep onset rapid eye movement period;
OSA, obstructive sleep apnea; PLMI, periodic limb movement index;
PSG, polysomnography; REM, rapid eye movement sleep; SOREMP,
sleep onset rapid eye movement period; SpO2, oxyhemoglobin satu-
ration; WASO, wake after sleep onset

"Based on n of 133 (12 patients with unreported ESS)
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74 years (40.1 +£12.9) and 37% were male. The mean body
mass index (BMI) was 29.8 +6.9. The mean AASM AHI
was 8.5 +2.7 events/h with a mean NREM AHI of 7.0+3.4
events/h and a mean REM AHI of 15.3+ 11.5 events/h.

Subjective and objective sleepiness

The average ESS for the patients with mild OSA was
13.9+5.0. The percentage of patients with mild OSA who
met criteria for subjective excessive daytime sleepiness was
82% (117/143). There were 12 patients with unreported ESS
scores. The average MSL for patients with mild OSA was
10.6 +4.7 min. The percentage of patients with mild OSA
who met criteria for objective excessive daytime sleepi-
ness was 36% (56/155) with an average mean sleep latency
of 5.6 +2.1 min amongst the objectively sleepy patients
with mild OSA. Figure 2 illustrates the MSL distribution for
the mild OSA group. There were no episodes of SOREMPs
on MSLT experienced in this population.

Predictors of objective EDS in patients with mild
OSA

Group analysis was performed between the 56 patients
with mild OSA accompanied by objective EDS and the 99
patient with mild OSA but no objective EDS. Table 2 sum-
marizes the clinical and PSG characteristics of these two
groups. The patients with mild OSA and objective EDS
had similar age (41.6+12.2 vs. 39.3+13.3 years, p=0.19),
percentage of men (39 vs. 36%, p=0.72), BMI (29.4+ 6.4
vs. 30.0+7.2, p=0.67), and ESS (14.7+4.5 vs. 13.5+5.3,
p=0.22) compared to those with mild OSA but no objective
EDS. The patients with mild OSA and objective EDS had

greater total sleep time (411.6+48.9 vs. 384.5+61.7 min,
p=0.004), decreased wake after sleep onset time (53.0+36.9
vs. 67.4+46.1 min, p=0.04), and increased sleep efficiency
(84.9+9.7 vs. 79.7+12.7%, p=0.01), compared to patients
with mild OSA but no objective EDS.

Multivariable analysis

The multivariable analysis is summarized in Table 3. Sleep
efficiency was excluded from the multivariate analysis due
to high collinearity (VIF=11.8). Using multivariate linear
regression, total sleep time was found to be an independent
predictor of MSL (p =0.006).

Correlations with severity of disease

The ESS significantly correlated with MSL; however, this
correlation was weak (p= —0.169, p=0.03). The linear
relationship between the ESS and MSL is shown in Fig. 3.
Additionally, subjective EDS with the ESS was a poor pre-
dictor of objective EDS with a positive predictive value of
38.5% (45/117) and a negative predictive value of 73.1%
(19/26). The ESS and MSL weakly correlated with the
severity of mild OSA based on AASM AHI but were not
statistically significant (p =0.008, p=0.92 and p=0.061,
p=0.46 respectively).

Discussion

While moderate and severe OSA have been shown to
be associated with EDS, the relationship between mild
OSA and EDS is unclear. We sought to investigate this

Fig.2 Distribution and fre-
quency of objective EDS in I %
the population with mild OSA. 30 100
Objective EDS was identified | 90
in 56 patients, which was 36% 25 —I 80 =
of our studied population. EDS, S,
excessive daytime sleepiness; — 70
. #* 20 c
OSA, obstructive sleep apnea. = 60 O
An asterisk denotes that cutoff e q’g)-
for objective EDS was defined g 15 50 =
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Table 2 Univariable analysis between patients with mild OSA with
and without objective EDS

Mild OSA with  Mild OSA P value
objective EDS without objective
(n=56) EDS
n=99)
Age (years) 41.6+12.2 393+13.3 0.19
Gender (% men) 39 36 0.72
BMI (kg/m?) 29.4+6.4 30.0+7.2 0.67
ESS 14.7+4.5 13.5+5.3 0.22
Total sleep time ~ 411.6+48.9 384.5+61.7 0.004#*
(min) 17.8+15.9 25.1+27.8 0.07
Sleep latency 131.6+94.0 159.4+105.5 0.07
(min) 53.0+36.9 67.4+46.1 0.04*
REM latency 84.9+9.7 79.7+12.7 0.01%*
(min) 11.0+5.3 10.4+6.6 0.38
WASO (min) 66.7+7.4 65.2+8.9 041
Sleep efficiency  4.4+5.5 6.8+8.7 0.14
(%) 17.7+7.2 17.4+7.2 0.75
N1 sleep (%) 54+104 6+10.6 0.74
N2 sleep (%) 0.8+1.3 0.7+1.8 0.72
N3 sleep (%) 83+2.8 8.6+2.7 0.55
REM sleep (%) 6.6+3.2 7.2+3.6 0.32
PLMI (#/h) 16.4+12.0 147+£11.3 0.38
PLMI with arous- 18.1+7.2 17.1+8.2 0.44
als (#/h) 87.7+4.9 87.8+4.3 0.81
AASM AHI (#/h) 89.3+4.6 89.9+4.1 0.41
NREM AHI (#/h) 89.1+4.0 88.6+4.1 0.52
REM AHI (#/h) 94.5+1.5 94.6+1.7 0.72
Arousal index 5.6+2.1 13.5+£3.2 0.001%*
(#/h) 4.6+0.5 34+13 0.001**
Min SpO2 (% sat) 0 0 -

Min REM SpO2
(% sat)

Min NREM SpO2
(% sat)

Mean SpO2 (%
sat)

MSLT MSL

MSLT naps with
sleep

MSLT SOREMP

AASM, American Academy of Sleep Medicine; AHI, apnea—hypo-
pnea index; BMI, body mass index; EDS, excessive daytime sleepi-
ness; ESS, Epworth Sleepiness Scale; MSL, mean sleep latency;
MSLT, multiple sleep latency test; NREM, non-rapid eye movement
sleep; OSA, obstructive sleep apnea; PLMI, periodic limb movement
index; REM, rapid eye movement sleep; SOREMP, sleep onset REM
period; SpO2, oxyhemoglobin saturation; WASO, wake after sleep
onset

*P<0.05
' P<0.01

relationship by examining the MSL, an objective measure
of EDS, in patients with mild OSA. We found that in our
large population with mild OSA, 36% of the patients met
criteria for objective excessive daytime sleepiness with an
MSL <8 min on MSLT.

There have been multiple studies that have examined EDS
in moderate and severe OSA, with these studies showing a

Table 3 Multivariable analysis — multivariable linear regres-
sion between variables that were significant in univariable analysis
towards MSL

Coefficients
Unstandardized  Standard- t Sig
coefficients ized coef-
ficients
B Std. error Beta
Total Sleep —.036 .013 —.437 —2.785 0.006%*
Time
WASO -.014 .017 —.130 —-0.824 0411

WASO, wake after sleep onset

Adjusted R square: 0.097

Of note: sleep efficiency was excluded due to collinearity with WASO
" P<0.01

subjective EDS prevalence of 46-57%. [26—29] While mod-
erate and severe OSA classically are thought to have more
of an effect on patients, our sample group with mild OSA
had a similar high rate of sleepiness with using either ESS
or MSL. In our patients with mild OSA, there were 81%
who had subjective sleepiness using the ESS and 36% who
had objective sleepiness using MSL, indicating a significant
prevalence of sleepiness in mild OSA.

Patients with mild OSA who are experiencing objective
EDS appear to have a significant burden of disease. The
mean MSL in the objectively sleepy patients with mild OSA
was 5.6 +2.1 min. This is similar to the disease burden of
patients with idiopathic hypersomnia who have a reported
average MSL of 6.2+ 3.0 min. [24] Additionally, these
objectively sleepy patients with mild OSA appear to have
a compensatory response of increased restorative noctur-
nal sleep with significantly longer total sleep time, greater
sleep efficiency, and a shorter WASO on PSG compared to
the not objectively sleepy patients with mild OSA. These
objectively sleepy patients with mild OSA may represent a
specific subtype of patients, with an undefined mechanism
driving sleepiness. One potential mechanism of sleepiness is
an increase in systemic inflammation as inflammatory mark-
ers such as IL-6 and TNF-a have been shown to be elevated
in patients with severe OSA. [30] These inflammatory
markers may be better markers of sleep apnea severity than
the traditional AHI. Further studies are needed to compare
inflammatory levels between patients with mild OSA with
and without objective EDS. Another important consideration
is that these objectively sleepy patients with mild OSA may
represent a group that has a second sleep disorder such as
idiopathic hypersomnia.

Subjective sleepiness scores appear to be a poor predic-
tor of objective EDS in patients with mild OSA. In our
sample population, the ESS only weakly correlated with
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Fig. 3 The relationship between
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the MSL (p= —0.169). An ESS > 10 predicted objective
EDS in only 39% of the patients, while the negative predic-
tive value was 73%. Total sleep time on PSG was the only
variable we found to be an independent predictor of MSL;
however, its predictive power is too small to be clinically
useful. While the ESS test is more economically favorable,
the MSLT appears to be the only way to accurately identify
objectively sleepy patients with mild OSA.

Daytime sleepiness is a serious condition that adversely
affects daytime functioning and quality of life. [3] While
treating all cases of mild OSA with CPAP has previously
been shown to have only minor effects on subjective sleepi-
ness, there have been no studies that have assessed improve-
ments specifically in objectively sleepy patients with mild
OSA. [31-34] Future treatment studies are needed to investi-
gate responses in objectively sleepy patients with mild OSA
as these objectively sleepy patients potentially represent a
subpopulation that may respond better to treatment.

The presence of subjective sleepiness has been shown
in patients with OSA to be associated with cardiovascu-
lar consequences. [35-37] This association is thought to
reflect subjective sleepiness being a surrogate marker of
underlying cardiovascular risk pathways influenced by OSA
mechanisms. [37] Given that objectively sleepy patients
with mild OSA have evidence of a physiologic compensa-
tory response, this subgroup may also be at risk for cardio-
vascular consequences.

A limitation of our study was that our sample population
of patients consisted of sleep clinic patients as opposed to a
general population of patients with mild OSA. These patients
may be more likely to have subjective EDS compared to those
who do not seek medical evaluation. Another limitation is
that we examined patients who had undergone both a PSG
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and following day MSLT, which could introduce relevant bias
as MSLTs are usually reserved for patients with subjective
sleepiness. However, the ESS and other measures of subjec-
tive sleepiness are poor predictors of objective sleepiness and
while this may have led to a larger percentage of subjectively
sleepy patients in our sample population, it should not have
resulted in significant selection bias of objectively sleepy
patients. Additionally, the mean ESS for our group of patients
with mild OSA was only mildly elevated at 13.9.

In conclusion, we show that in our cohort of patients
with mild OSA, there is a large percentage of patients with
objective EDS. These patients appear to have a compensatory
response of increased restorative nocturnal sleep with increased
total sleep time, shorter WASO, and greater sleep efficiency on
PSG. The MSLT appears to be the best way to accurately iden-
tify objectively sleepy patients with mild OSA, as the traditional
subjective sleep measure ESS is a poor predictor of MSL. Fur-
ther studies are needed to determine whether or not objectively
sleepy patients with mild OSA represent a unique subgroup in
which treatment of these patients would be beneficial.
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