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Abstract:	
	
Purpose:		The	decision	to	treat	mild	obstructive	sleep	apnea	(OSA)	often	hinges	on	the	presence	
of	subjective	daytime	sleepiness.	This	study	was	done	to	identify	clinical	and	polysomnographic	
features	which	correlate	with	subjective	sleepiness	in	mild	OSA.			
	
Methods:	Utilizing	data	from	the	Apnea	Positive	Pressure	Long-term	Efficacy	Study,	199	
participants	with	mild	OSA	were	identified.	Participants	were	grouped	as	“sleepy”	or	“non-
sleepy”	based	on	their	responses	to	a	question	regarding	excessive	daytime	sleepiness,	and	
Epworth	Sleepiness	Scores.	We	compared	demographic,	clinical	and	baseline	polysomnographic	
data	between	the	groups.	
	
Results:	The	prevalence	of	subjective	sleepiness	was	74.4%.	The	sleepy	group	was	younger	(46.1	
±	12.6	vs.	53.3	±	13.1	years,	p=0.001),	reported	lower	quality	of	life	(4.5	±	0.69	vs.	4.9	±	0.61,	
p=0.0002),	had	higher	depression	scores	(5.4	±	4.7	vs.	3.1	±	3.5,	p=0.003)	and	reported	more	
naps	per	week	(2.6	±	2.9	vs.	1.3	±	1.9,	p=0.01).		Total	sleep	time	and	sleep	efficiency	were	notably	
higher	in	the	sleepy	(254.2	±	106	vs.	220.4	±	114	min,	p=0.08)	and	(80.2	±	12.6	vs.	75.7	±	14.9	%,	
p=0.06),	approaching	statistical	significance.	The	non-sleepy	group	had	slightly	higher	apnea	
hypopnea	index	(AHI:	12.2	±	1.5	vs.	11.2	±	2.4	events/hour,	p=0.01)	and	worse	desaturation	
indices.	
	
Conclusions:	Subjective	sleepiness	in	mild	OSA	is	associated	with	younger	age,	worsened	mood	
and	quality	of	life.	This	study	suggests	that	evidence	of	increased	sleep	drive	on	
polysomnography	may	correlate	with	subjective	sleepiness	in	mild	OSA.	
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Clinical	and	Polysomnographic	Correlates	of	Subjective	Sleepiness	in	Mild	Obstructive	
Sleep	Apnea	
	
	
	
Introduction:		
	
Obstructive	Sleep	Apnea	(OSA)	is	a	heterogeneous	disorder	with	varying	symptoms,	which	do	
not	always	correlate	with	disease	severity.	Excessive	daytime	sleepiness	(EDS),	the	cardinal	
symptom,	only	weakly	correlates	with	disease	severity,	measured	by	the	apnea	hypopnea	index	
AHI	[1].	Nevertheless,	the	presence	of	EDS	is	one	of	the	major	indications	for	treatment	of	mild	
OSA	(AHI	5	to	<	15	events/hour).	Overall,	patients	with	mild	OSA	are	not	sleepier	than	normal	
controls	[2].	However,	patients	with	mild	OSA	often	present	with	EDS,	without	another	apparent	
etiology	[3].	Some	patients	report	improvement	or	resolution	of	symptoms	with	treatment	of	
OSA,	suggesting	that	OSA	may	indeed	be	the	etiology	of	their	sleepiness	[4,	5].	
  
Unfortunately,	most	clinical	assessment	tools	for	EDS	are	subjective,	consisting	of	patients’	
reported	symptoms	and	interpretation	of	scores	from	validated	sleep	questionnaires.	However,	
these	may	be	misleading	when	used	in	isolation	[6]	and	do	not	always	correctly	identify	the	
sleepy	vs.	the	non-sleepy	patient.	Subjective	measures	of	sleepiness	do	not	differentiate	between	
EDS	related	to	sleep	disorders	from	EDS	attributable	to	other	causes.	Furthermore,	currently	
available	objective	measures	of	EDS	are	not	recommended	for	routine	use	in	the	management	of	
uncomplicated	OSA	[7].	Although	treatment	of	moderate	and	severe	OSA	is	generally	indicated	
even	in	asymptomatic	patients	due	to	associated	functional	and	cardiovascular	risks,	the	
management	of	mild	OSA	often	hinges	on	determining	whether	a	patient	is	sleepy.		
	
Inasmuch	as	the	AHI	only	weakly	predicts	EDS	in	OSA,	alternative	polysomnographic	predictors	
of	sleepiness	have	been	studied.	In	a	small	cohort	of	patients	with	AHI	<	10	events/hour,	rapid	
eye	movement	(REM)	AHI	and	REM	fragmentation	corresponded	with	EDS	measured	by	multiple	
sleep	latency	testing	[8],	but	this	finding	was	not	corroborated	by	others	[9].	Thus,	additional	
objective	correlates	of	EDS	in	mild	OSA	would	be	useful	in	making	treatment	recommendations.	
Utilizing	data	from	the	Apnea	Positive	Pressure	Long-term	Efficacy	Study	(APPLES),	this	study	
identified	patient	characteristics	and	polysomnographic	features	which	correlated	with	
subjective	sleepiness	in	mild	OSA.		
		
Methods	
	
Study	Design	and	Participants	
	
The	APPLES	protocol	has	been	well	described	[10].	It	was	a	multicenter	study	carried	out	at	
academic	and	community	medical	centers.	This	study	analyzes	data	from	a	subset	of	both	
randomized	and	non-randomized	APPLES	participants	with	AHI	of	5	to	<15	events/hour	on	
baseline	polysomnography.		
	
Definitions	of	Sleepiness	
	
Excessive	daytime	sleepiness	was	defined	as	a	positive	response	to	a	question	about	EDS	(vide	
infra)	or	an	Epworth	Sleepiness	Score	of	>10.	The	EDS	question	(EDSQ)	used	was:	“Please	
indicate	how	often	you	“feel	excessively	(overly)	sleepy	during	the	day”	–	(0)	Never/	(1)	Rarely	
(once	a	month	or	less)/(2)	Sometimes	(2	–	4	per	month)/(3)	Often	(5-	15	per	month)/(4)	Almost	
always	(16-	30	per	month)”.	Respondents	who	answered	3	or	4	were	classified	as	“sleepy”	(EDSQ	
positive)	while	those	who	answered	0,	1	or	2	were	classified	as	“non-sleepy”(EDSQ	negative).	
	
Assessment	Tools	for	Sleepiness,	Mood,	Cognition	and	Quality	of	Life	

Epworth	Sleepiness	Scale	(ESS)		

The	ESS	is	a	validated	8-item	questionnaire,	which	rates	the	increasing	propensity	to	fall	asleep	
on	a	scale	of	0	to	3	in	commonly	encountered	daily	life	situations	[11].	The	sum	of	the	scores	
ranges	from	0	to	24,	and	scores	>	10	are	regarded	as	indicative	of	EDS.		



	
Stanford	Sleepiness	Scale	(SSS)	
	
The	SSS	quantifies	sleepiness	on	a	7-point	scale	varying	from	very	alert	“1”	to	excessively	sleepy	
“7”[12].	For	APPLES,	the	SSS	was	administered	at	10:00,	12:00,	14:00,	and	16:00	on	the	day	
following	the	diagnostic	polysomnogram;	the	variable	analyzed	was	the	mean	score.	
	
Morningness	Eveningness	Questionnaire	(MEQ)		
	
The	MEQ	is	a	validated	19-item	questionnaire,	which	evaluates	an	individual’s	inherent	circadian	
rhythm/timing	of	peak	alertness.	The	sum	of	the	scores	is	converted	to	a	5-point	scale:	definitely	
morning	type	(70-86),	moderately	morning	type	(59-69),	neither	type	(42-58),	moderately	
evening	type	(31-41),	and	definitely	evening	type	(16-30)[13].	
	
Hamilton	Rating	Scale	for	Depression	(HAM-D)	

The	HAM-D	is	a	validated	21-item	symptom	scale,	which	assesses	severity	of	depression.	APPLES	
utilized	a	modified	version	of	HAM-D,	(GRID	HAM-D)	[14].	Items	are	scored	based	on	intensity	
and	frequency	of	symptoms	and	scores	are	summed.	Higher	scores	reflect	more	depressive	
symptoms.	

Profile	of	Mood	States	(POMS) 

The	POMS is	a	measure	of	transient	mood	states	with	high	reliability	and	validity.	It	comprises	65	
self-rated	descriptors	on	a	5-point	scale with	instructions	to	rate	each	item	“at	the	present	time”	
[15].	These	are	combined	to	form	the	total	POMS	mood	disturbance	score	which	is	used	in	this	
analysis.		

Beck	Depression	Inventory	(BDI)		
	
The	BDI	is	a	validated	21-question	multiple-choice	self-reported	inventory	used	for	measuring	
the	severity	of	depression	[16].	Items	are	scored	on	a	4-point	scale,	where	a	higher	BDI	total	
score	suggests	a	higher	level	of	depression.			
	
Calgary	Sleep	Apnea	Quality	of	Life	Index	(SAQLI).		

The	SAQLI	is	a	sleep	apnea-specific	quality	of	life	(QoL)	instrument	that	evaluates	the	adverse	
impact	of	sleep	apnea	on	4	domains:	daily	functioning,	social	interactions,	emotional	functioning	
and	symptoms[17].	Domain	scores	are	averaged,	to	yield	a	total	score	between	1	and	7.	Higher	
scores	represent	better	QoL.	

Mini	Mental	State	Examination	(MMSE)	
	
The	MMSE	is	a	11-question	instrument	testing	five	areas	of	cognitive	function:	orientation,	
registration,	attention	and	calculation,	recall	and	language.	The	maximum	score	is	30,	a	score	of	
23	or	below	indicates	cognitive	impairment	[18].		

	

Polysomnography		

Polysomnograms	were	recorded	and	scored	as	previously	described	[10].	An	apnea	was	defined	
as	>	90%	amplitude	decrease	from	baseline	of	the	nasal	pressure	signal	lasting	≥	10	sec.	
Hypopneas	were	scored	if	there	was	a	>	50%,	but	≤	90%	decrease	from	baseline,	or	if	there	was	a	
clear	amplitude	reduction	of	the	nasal	pressure	signal	that	did	not	reach	the	above	criterion	but	
was	associated	with	either	an	oxygen	desaturation	>	3%	or	an	arousal,	and	lasting	≥	10	seconds.	
Obstructive	or	central	apneas	were	identified	by	the	presence	or	absence	of	respiratory	effort,	
respectively.	The	AHI	was	the	sum	of	all	apneas	and	hypopneas	divided	by	the	total	sleep	time.	
All	studies	were	scored	at	a	central	site	in	Stanford	University.	

	 	
	



Statistical	Analysis	
	
Statistical	tests	were	performed	using	Stata/SE	(Version	11.0,	StataCorp	TX	USA).	First,	we	
modeled	our	outcome	of	interest	as	binary	variables:	‘non-sleepy’,	defined	as	ESS	≤10	and	EDSQ	
negative;	‘sleepy’,	defined	as	ESS	>10,	EDSQ	positive	or	both	(EDSQ	and	ESS	positive).	
In	the	second	model,	we	further	categorized	sleepiness	into	three	categories	based	on	
participants’	ESS	scores	and	responses	to	the	EDS	question:	1)	participants	who	reported	EDSQ	
positive	but	ESS	≤10;	2)	participants	with	ESS	>10	but	reported	EDSQ	negative,	3)	participants	
who	reported	EDSQ	positive	and	ESS	>10.	
	
We	then	examined	the	associations	between	non-sleepy	participants	and	sleepy	participants.		
Continuous	variables	were	compared	using	the	Student’s	t-test,	and	data	were	expressed	as	
means	±	standard	deviation.	Categorical	variables	were	analyzed	using	the	χ2	test,	and	data	
expressed	as	frequencies	or	percentages.	A	one-way	ANOVA	was	conducted	to	examine	the	
associations	between	sleepiness	and	several	polysomnographic	variables,	followed	by	post	hoc	
comparisons	using	Bonferroni	correction.	Statistical	significance	was	set	at	a	P	value	<0.05,	two-
tailed.		
	
	
Results	
	
A	total	of	199	participants	had	mild	OSA.	For	the	initial	analysis,	EDS	was	defined	in	broad	terms,	
using	either	EDSQ+	or	ESS	>	10	and	172	participants	were	analyzed.	Fifty-five	participants	did	
not	provide	answers	to	the	EDS	question,	but	28	of	these,	scored	ESS	>10	and	were	included	in	
the	sleepy	group.	The	remaining	27	participants	could	not	be	categorized	due	to	missing	data.	By	
incorporating	either	definition	of	EDS,	128	of	172	(74.4%)	participants	were	sleepy.	
	
Table	I	shows	demographic	and	clinical	characteristics	of	the	sleepy	and	non-sleepy	participants	
from	the	initial	analysis.	There	were	no	significant	differences	except	that	the	sleepy	group	was	
younger	(46.1	±	12.6	years	vs.	53.3	±	13.1	years)	and	reported	more	naps	per	week	(2.6	±	2.9	vs.	
1.3	±	1.9).	
	
Table	II	compares	assessments	of	sleepiness,	cognition,	mood	and	QoL	between	the	groups.	As	
expected,	the	sleepy	group	scored	higher	on	the	SSS	(3.1	±	0.99	vs.	2.5	±	0.96)	and	reported	lower	
QoL	metrics	measured	via	SAQLI	(4.5	±	0.69	vs	4.9	±	0.61).	The	sleepy	group	also	had	higher	
depression	scores	on	the	HAM-D	(5.4	±	4.7	vs	3.1	±	3.5).	However	the	differences	in	BDI	and	
POMS	were	not	statistically	significant.	Scores	on	the	MMSE	were	minimally	lower	in	the	non-
sleepy	group.	
	
The	polysomnographic	characteristics	of	the	two	groups	are	presented	in	Table	III.	The	total	
sleep	time	(TST)	and	sleep	efficiency	(SE)	were	higher	in	the	sleepy	group	(254.2	±	106,	220.4	±	
114	minutes,	p=0.08;	80.2	±	12.6,	75.7	±	14.9%,	p=0.06),	although	the	differences	were	not	quite	
statistically	significant.	The	non-sleepy	group	had	slightly	higher	AHI	(12.2	±	1.5	vs.	11.2	±	2.4	
events/hour,	p=0.01)	and	greater	desaturation	on	several	indices.		
	
For	subsequent	analyses,	only	144	participants	were	included	since	the	55	with	missing	data	
could	not	be	categorized	using	mutually	exclusive	sleepiness	criteria.	By	screening	using	ESS,	
61(42.3%)	participants	qualified	as	sleepy,	while	by	using	the	EDSQ,	81	(56.3%)	participants	
were	sleepy.	Interestingly,	19	(31%)	of	the	sleepy	by	ESS	cohort	screened	negative	by	EDSQ,	
while	39	(48%)	of	the	sleepy	by	EDSQ	cohort	screened	negative	by	ESS.	There	was	an	overlap	of	
only	42	(29.2%)	participants	who	screened	positive	by	both	criteria.	Figure	I	shows	the	
prevalence	of	sleepiness	(by	criteria)	in	mild	OSA.		
	
Participants	were	split	into	4	groups:	non-sleepy	and	three	mutually	exclusive	sleepy	groups	
described	above.	Table	IV	shows	demographic	and	clinical	characteristics	of	the	groups.		The	
non-sleepy	group	was	again	older	compared	to	the	sleepy	groups	(53.3	±	13.1	vs.	47.6	±	9.9	years	
vs.	43.4	±	13.7	years	vs.	47.6	±	12.5	years).	The	combined	sleepy	group	reported	the	most	naps	
per	week	and	the	non-sleepy	group	reported	the	least	naps	(3.4	±	3.8	vs.	2.0	±	2.1	vs.	2.2	±	1.9	vs.	
1.3	±	1.9,	p=0.01).	



	
Table	V	compares	assessments	of	sleepiness,	cognition,	mood	and	QoL	in	the	4	groups.	All	3	
sleepy	groups	scored	higher	on	the	SSS	than	the	non-sleepy	group	(3.1	±	0.95,	3.0	±	0.93,	2.8	±	
0.67	vs.	2.5	±	0.96).	The	sleepy	groups	reported	lower	QoL	metrics	on	the	SAQLI	when	compared	
to	the	non–sleepy	group,	with	the	combined	sleepy	group	scoring	the	lowest	(4.4	±	0.68	vs.	4.6	±	
0.68	vs.	4.8	±	0.57	vs.	4.9	±	0.61).	The	sleepy	groups	had	higher	depression	scores	on	HAM-D,	
with	the	combined	sleepy	group	scoring	the	highest	and	the	non-sleepy	group,	the	lowest	(5.5	±	
4.8	vs.	5.0	±	4.7	vs.	4.2	±	3.7	vs.	3.1	±	3.5).	Polysomnographic	characteristics	of	the	four	groups	
are	compared	in	Table	VI.	No	statistically	significant	differences	were	observed.	
	
	
Discussion	
	
Our	study	showed	that	a	good	proportion	(25.6	%)	of	mild	OSA	patients	are	not	sleepy	and	the	
prevalence	of	sleepiness	varied	depending	on	the	criteria	used.	This	represents	a	limitation	in	
accurately	estimating	the	prevalence	of	sleepiness	using	subjective	methods.	With	the	use	of	a	
stringent	definition	requiring	both	sleepiness	criteria	to	be	met,	the	prevalence	decreased,	
whereas	with	a	more	liberal	definition,	requiring	only	one	of	either	criterion,	the	prevalence	
increased.	Kapur	et	al	reported	similar	variations	in	the	prevalence	of	sleepiness	in	the	Sleep	
Heart	Health	Study	cohort	when	various	definitions	of	sleepiness	were	compared	[19].	They	
found	that	in	the	mild	OSA	sub-cohort,	26.7%	had	ESS	>	10,	14.2%	reported	being	“sleepy”,	
17.1%	reported	being	“unrested”	and	38.9%	qualified	as	sleepy	when	sleepiness	was	defined	
broadly	as	“any	of	the	3”	above	definitions.	Similarly,	a	prior	study	on	Swedish	women	reported	
that	the	prevalence	of	sleepiness	was	28.1%	using	standard	ESS	criteria,	but	then	dropped	to	
17.2%	when	assessed	by	a	single	question	in	the	mild	OSA	sub-cohort	[20].	Our	study	reported	
higher	prevalence	rates	of	sleepiness	compared	to	prior	studies.	While	our	study	population	was	
not	a	pure	clinical	cohort,	our	data	was	likely	still	subject	to	the	effects	of	referral	bias.	Similarly,	
high	prevalence	rates	of	sleepiness	in	mild	OSA	patients	have	been	reported.		A	cohort	of	middle-
aged	Chinese	patients	reported	a	prevalence	of	61%	[21]	and	an	adult	Korean	cohort	reported	
40.8%	[22].	However,	both	studies	used	a	less	stringent	definition	of	sleepiness,	ESS	score	≥	10.	
The	current	analyses	and	results	from	these	studies	emphasize	that	the	absence	of	sleepiness	
does	not	exclude	a	diagnosis	of	mild	OSA.	
	
Demographic	characteristics	that	may	be	associated	with	sleepiness	in	OSA	patients	have	been	
described.	Younger	age	has	been	associated	with	sleepiness	[9,	23]	and	this	is	consistent	with	our	
findings.	Higher	BMI	has	also	been	independently	associated	with	sleepiness	in	OSA	patients	[23,	
24].	In	our	study,	participants	who	qualified	as	sleepy	using	both	criteria	had	a	slightly	higher	
BMI	compared	to	the	other	groups.	Sleepy	participants	consistently	reported	worse	QoL	and	a	
more	depressed	mood.	Various	studies	have	reported	lower	QoL	in	OSA	[25]	and	depressive	
symptoms	have	been	associated	with	EDS	in	OSA	[26].		
	
Several	polysomnographic	correlates	have	been	associated	with	sleepiness	in	OSA.	These	include	
the	presence	of	sleep	fragmentation,	evidenced	by	high	arousal	indices	[9,	23,	27,	28]	and	
alterations	in	sleep	architecture	characterized	by	increased	stage	N1	sleep	and	decreased	REM	
and	slow	wave	sleep	(SWS)[23,	27];	higher	hypoxic	burden	quantified	as	higher	oxygen	
desaturation	indices,	lower	oxygen	nadir,	lower	mean	saturations	or	longer	duration	of	hypoxia	
[9,	23,	27,	29,	30].	Some	studies	have	found	associations	between	sleepiness	and	AHI	[9,	19,	23,	
27],	supine	AHI	[29],	REM	AHI	[8],	NREM	AHI	[31]	and	apnea	index	[23,	29].	Polysomnograms	of	
sleepy	OSA	patients	have	also	been	found	to	be	indicative	of	an	increased	sleep	drive,	with	
increases	in	TST	and	SE	[9,	27,	28,	30],	shorter	REM	latency	[28]	and	shorter	sleep	latency	[9,	23,	
27,	30].	Our	study	did	not	corroborate	majority	of	these	findings	but	there	was	suggestion	of	an	
increased	sleep	drive	in	the	sleepy	group	evidenced	by	clinically	meaningful	increases	in	TST	and	
SE	when	compared	to	non-sleepy	counterparts.	Moreover,	sleepy	participants	consistently	
reported	more	naps.		
	
The	aforementioned	polysomnographic	findings	were	observed	in	sleepy	cohorts	with	a	broad	
range	of	OSA	severity	and	are	not	always	reproducible.	Other	studies	have	not	found	any	
correlation	between	sleepiness	and	arousal	indices,	sleep	fragmentation	or	sleep	stage	
distribution	[19,	30].	One	study	actually	found	that	increased	SWS	correlated	with	sleepiness	in	



OSA[9].	In	contrast	to	existing	literature,	we	found	paradoxically	higher	AHI	and	worse	
desaturation	indices	in	the	non-sleepy	group.		We	were	not	able	to	explain	these	findings	but	the	
observed	differences	are	not	clinically	meaningful.			
	
A	major	strength	of	this	study	was	that	it	was	conducted	using	a	relatively	large	cohort	with	
detailed	characterization	of	sleep	parameters.	Participants	were	screened	using	attended	
polysomnography,	minimizing	the	risk	of	underestimation	of	sleep-disordered	breathing.	The	
study	utilized	fairly	standardized	definitions	for	EDS.	
		
The	limitations	of	the	study	include	that	it	was	not	a	pure	clinical	cohort;	participants	were	
recruited	from	clinics	and	via	general	advertisement.	There	was	also	missing	data,	which	may	
have	impacted	study	findings.	
	
	Conclusion	
	
The	true	prevalence	of	sleepiness	in	mild	OSA	is	unclear	given	that	sleepiness	is	measured	using	
various	subjective	criteria.	Excessive	daytime	sleepiness	in	mild	OSA	is	more	common	in	younger	
patients	and	is	associated	with	worsened	mood	and	QoL.		This	study	suggests	that	
polysomnographic	characteristics	suggestive	of	increased	sleep	drive	may	correlate	with	
subjective	sleepiness	in	mild	OSA.	It	is	possible	that	some	of	the	prior	proposed	
polysomnographic	correlates	of	EDS	in	OSA	might	not	be	generalizable	to	mild	OSA. Future	
studies	on	a	larger	cohort	of	patients	may	help	verify	these	findings. 
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Abbreviations	
	
PLM	Index:	Periodic	Limb	Movement	Index	
AvSPO2:	Average	Oxygen	Saturation	
TST:	Total	Sleep	Time	
Desat	Index:	Desaturation	Index	
	



Tables	
	
Table	I	:	Demographic	&	Clinical	characteristics	of	the	non-sleepy	and	sleepy	groups.		
	
	
	 Non-	Sleepy	 Sleepy	 P	value	
	 N	=	44	 N	=	128	 	
Age	(years)	 53.3	±	13.1	 46.1	±	12.6	 0.001	
Males	(N/%)/Females	(N/%)	 26(59.1)/18	(40.9)	 66(51.6)/62(48.4)	 0.39	
Caucasian	(N/%)/Other	(N/%)	 36(81.8)/8(18.2)	 90(70.3)/38(29.7)	 0.14	
BMI	(kg/m2)	 28.8	±	5.5	 29.4	±	6.2	 0.56	
Naps	per	week	 1.3	±	1.9	 2.6	±	2.9	 0.01	
Caffeine	servings	per	week	 17.9	±	15.0	 15.6	±	15.9	 0.39	
MEQ	 56.5	±	10.0	 53.7±	12.7	 0.19	

	
	
Table	II	:	Measures	of	Sleepiness,	Cognition,	Quality	of	Life	and	Mood	in	the	non-sleepy	and	
sleepy	groups.		
	
	
	 Non-	Sleepy		 Sleepy		 P	value	
	 N	=	44	 N	=	128	 	
SSS	 2.5	±	0.96	 3.1	±	0.99	 0.0004	
MMSE	 28.9	±	0.77	 29.2	±	0.99	 0.03	
SAQLI		 4.9	±	0.61	 4.5	±	0.69	 0.0002	
POMS	 10.3	±	21	 16.7	±	84	 0.62	
BDI	 4.9	±	4.9	 6.7	±	5.4	 0.06	
HAM-D	 3.1	±	3.5	 5.4	±	4.7	 0.003	
	
	
Table	III:	Polysomnographic	characteristics	of	the	non-sleepy	and	sleepy	groups	
	
	 Non-	Sleepy	 Sleepy	 P	value	
	 N	=	44	 N	=128	 	
AHI_Total	 12.2	±	1.5	 11.2	±	2.4	 0.01	
AHI_REM	 22.3	±	14.3	 21.3	±	13.2	 0.67	
AHI_NREM	 9.7	±	3.0	 9.1	±	3.6	 0.29	
Total	Sleep	Time	(min)	 220.4	±	114	 254.2	±	106	 0.08	
Sleep	Efficiency	 75.7	±	14.9	 80.2	±	12.6	 0.06	
REM_Arousal	Index	 46.6	±	22.4	 46.8	±	27.2	 0.97	
NREM_Arousal	Index	 231	±	137	 217	±	130	 0.54	
Arousal	Index	 19.0	±	10.8	 16.1	±	10.4	 0.12	
N1	sleep	(%)	 12.5	±	8.9	 12.4	±	7.2	 0.95	
N2	sleep	(%)	 62.2	±	13	 64.9	±	9.4	 0.14	
N3	sleep	(%)	 5.6	±	9.1	 4.1	±	6.6	 0.26	
REM	sleep	(%)	 19.6	±	6.9	 18.4	±	6.6	 0.29	
Sleep	Latency	(min)	 20.4	±	22.2	 16.9	±	21.1	 0.35	
REM	latency	(min)	 118.9	±	69.1	 127.9	±	82.9	 0.52	
PLM	Index	 8.1	±	15.3	 4.6	±	13.2	 0.15	
AvSPO2_REM	(%)	 91.5	±	14.7	 94.3	±	8.8	 0.14	
AvSPO2_NREM	(%)	 93.9	±	2.3	 94.8	±	2.1	 0.01	
Time	SPO2<85_TST	(%)	 0.54	±	2.4	 0.03	±	0.13	 0.02	
Time	SPO2<85_REM	(%)	 0.29	±	1.5	 0.001	±	0.19	 0.04	
Time	SPO2<85_NREM	(%)	 	0.21	±	0.99	 	0.01	±	0.07	 0.03	
Desat_Index_TST	 7.1	±	5.7	 5.4	±	4.4	 0.04	
Desat_Index_REM	 13.3	±	12.3	 11.1	±	12.9	 0.32	
Desat_Index_NREM	 5.7	±	5.8	 4.2	±	3.8	 0.05	



	
Table	IV:	Demographic	and	Clinical	characteristics	of	the	non-sleepy,	sleepy	(ESS+),	sleepy	
(EDSQ+)	and	sleepy	(ESS+	EDSQ+)	groups	
	
	
	 Non	sleepy	

(EDSQ	-,	ESS	-)	
Sleepy	
(ESS	+,	EDSQ	-)	

Sleepy		
(EDSQ+,	ESS	-)	

Sleepy	
(EDSQ+,	ESS+)	

P	value		

	 	N	=44	 N	=	19	 N	=	39	 N	=	42	 	
Age	(years)	 53.3	±	13.1	 47.6	±	9.9	 43.4	±	13.7	 47.6	±	12.5	 0.01	
Males	
(N/%)/Females	
(N/%)	

26(59.1)/	
18(40.9)	

12(63.2)/	
7(36.8)	

23(59.0)/	
16(41.0)	

20(47.6)/	
22	(52.4)	

0.59	

Caucasian	(N,	
%)/Other	(N/%)	

36(81.8)/	
8(18.2)	

12(63.2)/	
7(36.8)	

31(79.5)/	
8(20.5)	

30(71.4)/	
12(28.6)	

0.36	

BMI	(kg/m2)	 28.8	±	5.5	 29.2	±	4.5	 28.6	±	5.6	 31.2	±	7.2	 0.18	
Naps	per	week	 1.3	±	1.9	 2.2	±	1.9	 2.0	±	2.1	 3.4	±	3.8	 0.01	
Caffeine	servings	
per	week	

17.9	±	15	 12.2	±	10.6	 17.7	±	19.3	 17.3	±	16.1	 0.58	

MEQ	 56.5	±	10	 56.1	±	9.9	 51	±	15.6	 55	±	10.5	 0.18	
	
	
Table	V:	Measures	of	Sleepiness,	Cognition,	Quality	of	Life	and	Mood	in	the	non-sleepy,	sleepy	
(ESS+),	sleepy	(EDSQ+)	and	sleepy	(ESS+	EDSQ+)	groups	
	
	
	 Non	sleepy		

(EDSQ	-,	ESS	-)	
Sleepy	
(ESS	+,	EDSQ	-)	

Sleepy	
	(EDSQ+,	ESS	-)	

Sleepy	
(EDSQ+,	ESS+)	

P	value	

	 	N	=44	 N	=	19	 N	=	39	 N	=	42	 	
SSS	 2.5	±	0.96	 2.8	±	0.67	 3.0	±	0.93	 3.1	±	0.95	 0.01	
MMSE	 28.9	±	0.77	 29.4	±	0.96	 29.1	±	1.1	 29.2	±	1.1	 0.24	
SAQLI		 4.9	±	0.61	 4.8	±	0.57	 4.6	±	0.68	 4.4	±	0.68	 0.0001	
POMS	 10.3	±	21	 18	±	21	 1.2	±	148	 25.2	±	27	 0.58	
BDI	 4.9	±	4.9	 5.6	±	4.5	 7.0	±	5.3	 6.9	±	5.9	 0.20	
HAM-D	 3.1	±	3.5	 4.2	±	3.7	 5	±	4.7	 5.5	±	4.8	 0.05	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Table	VI	:	Polysomnographic	characteristics	of	the	non-sleepy,	sleepy	(ESS+),	sleepy	(EDSQ+)	
and	sleepy	(ESS+	EDSQ+)	groups	
	
	

	 Non	sleepy	
(EDSQ	-,	ESS	-)	

Sleepy	
	(ESS	+,	EDSQ	-)	

Sleepy		
(EDSQ+,	ESS	-)	

Sleepy	
(EDSQ+,	ESS+)	

P	
value		

	 	N	=44	 N	=	19	 N	=	39	 N	=	42	 	
AHI_Total	 12.2	±	1.6	 11.8	±	1.3	 12.1	±	1.5	 12.4	±	1.5	 0.62	
AHI_REM	 22.3	±	14.3	 21.8	±	10.3	 22.2	±	13.8	 22.9	±	15.2	 0.99	
AHI_NREM	 9.7	±	3.0	 10.1	±	2.1	 9.9	±	3.3	 10.0	±	3.8	 0.97	
Total	Sleep	Time	(min)	 220.4	±	114	 265.7	±	91	 255.2	±	105	 243	±	111.9	 0.36	
Sleep	Efficiency	 75.7	±	14.9	 82.3	±	8.8	 80.1	±	12.7	 78.3	±	13.8	 0.27	
REM_Arousal	Index	 46.6	±	22.4	 41.2	±	25.4	 51.9	±	22.3	 45.6	±	29.9	 0.46	
NREM_Arousal	Index	 231.3	±	137.4	 242.6	±	137.8	 212.4	±	137.4	 222.3	±	123.1	 0.85	
Arousal	Index	 19	±	10.8	 16.9	±	11.8	 18.4	±	9.7	 15.4	±	10.2	 0.38	
N1	sleep	(%)	 12.5	±	8.9	 13.6	±	6.3	 11.6	±	6.5	 12.5	±	6.7	 0.82	
N2	sleep	(%)	 62.2	±	13	 66.1	±	8.4	 66.5	±	7.9	 64	±	9.2	 0.24	
N3	sleep	(%)	 5.6	±	9.1	 3.8	±	5.7	 3.2	±	5.1	 4.7	±	7.5	 0.49	
REM	sleep	(%)	 19.6	±	6.9	 16.5	±	6.2	 18.5	±	4.6	 18.6	±	6.9	 0.36	
Sleep	Latency	(min)	 20.4	±	22.2	 10.8	±	7.2	 17.5	±	16.9	 17.5	±	17.4	 0.29	
REM	latency	(min)	 118.9	±	69	 136.9	±	94.9	 139.1	±	66.6	 111.7	±	82.8	 0.34	
PLM	Index	 8.1	±	15.3	 3.1	±	8.3	 3.2	±	5.9	 5.3	±	11.2	 0.20	
AvSPO2_REM	(%)	 91.5	±	14.7	 94.6	±	2.4	 95.1	±	1.9	 92.7	±	15.2	 0.50	
AvSPO2_NREM	(%)	 93.9	±	2.3	 94.4	±	1.9	 95.0	±	1.8	 94.7	±	2.4	 0.09	
Time	spO2<85TST	(%)	 0.54	±	2.4	 0.01	±	0.03	 0.01	±	0.04	 0.04	±	0.14	 0.23	
Time	spO2<85REM	(%)	 0.29	±	1.5	 	0.002	±	0.01	 0.003	±	0.02	 0.01	±	0.34	 0.32	
Time	spO2<85NREM	(%)	 	0.21	±	0.99	 	0.01	±	0.03	 0.01	±	0.04	 0.004	±	0.02	 0.27	
Desat_Index_TST	 7.1	±	5.7	 5.0	±	3.6	 5.7	±	4.9	 6.6	±	4.6	 0.37	
Desat_Index_REM	 13.3	±	12.3	 12.2	±	12.5	 10.3	±	13.4	 13.8	±	14.7	 0.65	
Desat_Index_NREM	 5.7	±	5.8	 4.0	±	3.0	 4.8	±	4.2	 4.9	±	4.0	 0.55	
	
	 	



Figure	I:	Prevalence	of	sleepiness	by	definition/criteria	
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