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Sleep	disordered	breathing	(SDB)	is	highly	prevalent	in	patients	with	high	blood	pres-
sure	(BP).	Severity	of	SDB	can	be	evaluated	by	the	number	of	apneas	and	hypopneas	
per	hour	(AHI)	or	by	measures	of	hypoxia.	The	objective	of	this	study	was	to	assess	the	
association	between	different	measures	of	SDB	and	BP.	In	134	consecutive	patients,	
polygraphy	was	performed	to	determine	the	AHI.	Pulse	oximetry	was	used	to	deter-
mine	hypoxemic	burden	(time	below	90%	oxygen	saturation	[T90]	and	hypoxia	load	
[HL],	representing	the	integrated	area	above	the	curve	of	desaturation).	AHI	did	not	
correlate	with	systolic	and	diastolic	BP	or	pulse	pressure.	In	contrast,	HL	correlated	
with	 pulse	 pressure	 during	 the	day	 (P	=	.01)	 and	night	 (P	=	.0034)	 before	 and	 after	
adjustment	for	body	mass	index.	The	correlation	between	systolic	BP	and	HL	at	night	
disappeared	 following	 adjustment	 for	 body	 mass	 index.	 This	 study	 generates	 the	
	hypothesis	that	nocturnal	hypoxemic	burden	may	represent	a	suitable	marker	of	BP	
pattern	and	a	potential	treatment	target	in	hypertensive	patients.

1  | INTRODUCTION

Sleep-	disordered	 breathing	 (SDB),	 particularly	 obstructive	 sleep	
apnea	 (OSA),	 is	 highly	 prevalent	 in	 patients	 with	 hypertension.1 
Approximately	half	of	all	patients	with	OSA	have	hypertension,	and	
about	30%-	40%	of	patients	with	hypertension	 also	have	 clinically	
relevant	OSA.2	This	prevalence	of	OSA	 is	even	higher	 (up	to	90%)	
in	 patients	 with	 drug-	resistant	 hypertension.3	 Treatment	 of	 OSA	
by	 continuous	 positive	 airway	 pressure	 ventilation	 (CPAP)	 allevi-
ates	intermittent	hypoxia.4-9	The	greatest	benefits	of	CPAP	therapy	
for	 OSA	 have	 been	 seen	 in	 patients	 with	 resistant	 hypertension,	
where	CPAP	 reduced	 daytime	 blood	 pressure	 (BP)	 by	 6.5	mm	Hg,	
compared	with	a	3.1	mm	Hg	 increase	 in	untreated	patients.10	 In	a	
meta-	analysis	 of	 3	 randomized-	controlled	 trials,	 CPAP-	withdrawal	
resulted	in	a	clinically	relevant	increase	in	BP,	which	was	consider-
ably	higher	than	BP	in	conventional	CPAP	trials,	and	the	effects	of	
CPAP-	withdrawal	may	be	underestimated	when	office	BP	is	used.11 

These	 studies	 suggest	 an	 involvement	 of	 SDB	 in	 the	 pathophysi-
ology	of	 increased	BP.	Besides	systolic	and	diastolic	BP,	 increased	
pulse	 pressure	 typically	 reflects	 aortic	 stiffness,	which	 is	 attribut-
able	 to	 fatigue	of	elastin	and	 increased	pressure	wave	 reflections,	
and	 is	predictive	of	 stroke12 and cardiovascular mortality.13-15	The	
associations	between	different	parameters	for	severity	of	SDB	and	
BP	parameters	are	unclear.

Presently,	 severity	 of	 SDB	 is	 evaluated	 by	 the	 apnea-	hypopnea	
index	(AHI).16	The	AHI	is	an	event-	based	measure	of	severity	of	SDB	
that	considers	the	number	of	hypopneas	and	apneas	per	hour	during	
sleep,	but	does	not	incorporate	the	degree	and	duration	of	desatura-
tions.	Therefore,	progression	of	cardiac	remodeling	and	cardiovascular	
events	triggered	by	hypoxia	is	neither	detected	nor	predicted	by	the	
AHI.	 In	 this	 cross-	sectional	 explorative	 study,	 we	 enrolled	 patients	
with	 suspected	 sleep	 apnea	 and	 performed	 unattended	 polygraphy	
and	24-	hour	ambulatory	BP	monitoring	to	identify	which	measure	of	
SDB	correlates	best	with	different	BP	parameters.
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2  | METHODS

2.1 | Patients

A	total	of	134	consecutive	patients’	characteristics	(see	Table	1)	were	
enrolled	 in	 this	 cross-	sectional	 observational	 study.	 All	 participants	
were	asymptomatic	outpatients	admitted	for	routine	check-	up	evalu-
ations	 and	 underwent	 a	 detailed	 history,	 physical	 examination,	 and	
overnight	 polygraphy	 as	 part	 of	 the	work-	up	 in	 a	 cardiology	 clinic.	
Exclusion	criteria	were	the	presence	of	drug-	resistant	hypertension,	
acute	 illnesses,	 unstable	 heart	 diseases,	 or	 unstable	 respiratory	dis-
order.	All	 patients	 had	 either	 self-	reported	 snoring	 or	 self-	reported	
daytime	sleepiness	but	had	no	history	of	sleep	apnea	and	no	initiated	
CPAP	treatment.

2.2 | Polygraphy

Polygraphy	 (SomnoScreenTM	 plus	 RC	 Easy,	 ResMed,	 Martinsried,	
Germany)	 was	 performed	 in	 all	 subjects	 using	 standard	 polygraphic	
techniques.16	Respiratory	efforts	were	measured	with	the	use	of	res-
piratory	inductance	plethysmography,	and	airflow	was	measured	by	a	
nasal	pressure	cannula.	Apnea	was	defined	as	a	cessation	of	 inspira-
tory	airflow	for	≥10	seconds.	Hypopneas	were	defined	as	a	reduction	
in	 airflow	 accompanied	 by	 a	 ≥3%	drop	 in	 oxygen	 desaturation	 from	
pre-	event	baseline.16	The	apnea-	hypopnea	index	(AHI)	was	defined	as	
the	number	of	apneas	and	hypopneas	per	hour	recording	time.	Patients	
were	stratified	 into	those	with	 (AHI	≥15/h)	and	without	 (AHI	<15/h)	
moderate	to	severe	SDB.	Apneas	without	evidence	of	respiratory	effort	
were	scored	as	central,	while	 those	with	respiratory	effort	were	cat-
egorized	as	obstructive.	Patients	were	classified	as	predominant	OSA	
if	>50%	of	these	AHI	events	were	obstructive.	 If	>50%	of	these	AHI	
events	were	central,	they	were	classified	as	patients	with	predominant	
central	sleep	apnea	(CSA).	Pulse	oximetry	was	used	to	determine	time	
with	 oxygen	 saturation	 <90%	 (T90),	 mean	 oxygen	 saturation	 (mean	

SpO2),	 and	 minimal	 oxygen	 saturation	 (min	 SpO2).	 The	 hypoxemia	
load	(HL)	was	defined	as	the	integrated	area	of	the	desaturation	curve	
divided	by	the	total	recording	time	obtained	by	polygraphy.	The	inte-
grated	area	of	desaturation	was	approximated	by	numerical	integration	
using	the	trapezoidal	rule	and	was	divided	by	total	recording	time	(tto-

tal):	HL	=	Σ(½	(tn+1−tn)	×	(SpO2n	+	SpO2n+1))/ttotal. Recording quality was 
visually	determined	and	artifacts	were	excluded	from	the	analysis.

2.3 | Blood pressure

Twenty-	four-	hour	 ambulatory	BP	monitoring	was	performed	at	 the	
same	 time	 in	 all	 patients.	 Readings	 were	 taken	 every	 15	minutes	
during	daytime	 (7:00	am to 10:00 pm)	and	every	30	minutes	at	night	
(10:00	pm to 7:00 am).

Patients	were	assessed	while	adhering	to	their	usual	activity	and	
nocturnal	 sleep	 routine	 at	home.	Only	patients	with	>70%	valid	BP	
measurements	(either	awake	or	asleep)	were	included.	Mean	systolic	
BP,	diastolic	BP,	and	pulse	pressure	were	calculated	as	overall	24-	hour	
average	as	well	as	day	and	nighttime	average.	All	BP	assessors	received	
explicit	instructions	for	24-	hour	ambulatory	BP	measurements	in	com-
pliance	with	published	guidelines.17 Ambulatory recordings were done 
on	a	workday.	We	defined	the	night	period	as	1:00	am	to	5:59	am to 
capture	sleeping	hours.	Daytime	was	defined	as	9:00	am	to	8:59	pm. A 
systolic	BP	drop	of	less	than	10%	during	nighttime	was	considered	to	
be	a	non-	dipping	pattern.

2.4 | Statistical analysis

The	 study	 was	 designed	 as	 a	 cross-	sectional	 explorative	 study	 to	
determine	 associations	 between	 measures	 of	 SDB	 and	 arterial	 BP	
in	adults.	Adults	with	a	suspect	clinical	manifestation	of	sleep	apnea	
were	 included	 in	 the	 study.	 HL,	 T90,	 AHI,	 min	 SpO2,	 mean	 SpO2,	
and	 predominant	 OSA	 or	 predominant	 CSA	 were	 considered	 as	

All 
(n = 134)

AHI <15/h 
(n = 84)

AHI ≥15/h 
(n = 50) P value

Age	(y) 66.3	±	11.0 65.1	±	11.6 68	±	9.5 .168

Sex,	male	(n	[%]) 104 64	(76) 40	(80) .672

BMI	(kg/m2) 29.1	±	6.1 27.8	±	5.8 31.8	±	6.3 .001

Heart	rate	(1/min) 66.0	±	16.7 65.3	±	16.04 67.3	±	13.8 .481

Comorbidities

Hypertension	(n	[%]) 80 49	(58) 31	(62) .718

DM2	(n	[%]) 27 15	(18) 12	(24) .504

Medication

ACE	inhibitor	(n	[%]) 97 61	(73) 36	(72) 1.000

Beta	blocker	(n	[%]) 87 53	(63) 34	(68) .581

Diuretics	(n	[%]) 63 38	(45) 25	(50) .720

Dihydropyridin	calcium	
channel	blocker	(n	[%])

23 15	(18) 8	(16) 1.000

BMI,	body-	mass-	index;	CAD,	coronary	artery	disease;	DM2,	diabetes	mellitus	type	2.
Bold	values	indicate	significant	differences	at	P	<	.05.

TABLE  1 Patients′	characteristics
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independent	variables.	Mean	diastolic	and	systolic	BP,	dipper	or	non-	
dippers,	and	mean	pulse	pressure	were	considered	as	dependent	vari-
ables.	Demographic	 and	other	baseline	 characteristics	 are	 stated	as	
mean	±	standard	deviation	 for	normally	distributed	continuous	vari-
ables	 and	 absolute	 and	 relative	 frequency	 for	 categorical	 variables.	
Missing	 data	 were	 not	 imputed.	 Statistical	 comparisons	 between	
groups	were	performed	using	the	Pearson	χ2	test	for	categorical	vari-
ables	and	the	2	sample	unpaired	t	test	or	Wilcoxon	rank-	sum	test	for	
continuous	variables	where	appropriate.	For	continuous	variables	and	
in order to estimate associations between 2 continuous variables a 
linear	regression,	analysis	was	conducted.	Uni-		and	multivariable	bino-
mial logistic regression models were used in order to estimate the as-
sociation	between	classification	of	sleep	apnea	and	dipping	behavior.	
Due	to	the	explorative	and	hypothesis	generating	nature	of	the	study,	
we	did	not	correct	for	multiple	testing.	All	P- values are two- sided and 
a	significance	level	of	5%	(P	<	.05)	was	used.	For	all	statistical	calcula-
tions,	software	GraphPad	Prism	6	was	used.

3  | RESULTS

3.1 | Patients’ characteristics

Patients’	 characteristics	 are	presented	 in	Table	1.	 Stratified	by	SDB	
status,	there	was	no	significant	difference	between	patients	with	an	
AHI	<15/h	or	with	an	AHI	≥15/h	with	respect	to	age,	gender,	or	car-
diovascular	risk	factors.	Patients	with	SDB	had	a	statistically	signifi-
cant	higher	body-	mass	index	compared	with	those	with	no	SDB.	71%	
of	all	patients	had	predominant	OSA,	and	the	remaining	patients	had	
predominant	CSA.

3.2 | Association of event- based as well as hypoxia- 
based measures of SDB and hypoxemic burden 
in patients

Sleep	characteristics	are	shown	in	Table	2.	Hypoxia-	based	measures	
like	mean	oxygen	saturation,	minimal	oxygen	saturation,	and	T90	did	
not	differ	between	patients	with	or	without	SDB.	The	HL	tended	to	be	

lower	in	patients	without	compared	to	patients	with	SDB.	Particularly	
patients	 with	 an	 AHI	 <15/h	 showed	 a	 broad	 variation	 in	 T90	 and	
HL,	ranging	from	very	low	levels	to	levels	higher	than	those	found	in	
	patients	with	an	AHI	≥15/h	(Figure).

3.3 | Association of measures of SDB and 
blood pressure

Different	measures	of	BP	did	not	differ	significantly	between		patients	
with	an	AHI	<15/h	and	patients	with	an	AHI	≥15/h	 (Table	3).	The	
AHI	 did	 not	 correlate	 significantly	with	 systolic	 or	 diastolic	 BP	 or	
pulse	pressure	either	during	daytime	or	during	night	time.	However,	
in	 the	 univariable	 model,	 there	 was	 a	 significant	 correlation	 be-
tween	HL	and	pulse	pressure	during	daytime	and	night	 time	 in	all	
patients	 (Table	4).	Additionally,	HL	 and	minimal	 oxygen	 saturation	
were	associated	with	 systolic	BP	during	night	 time	but	not	during	
daytime.	A	trend	towards	an	association	was	also	observed	for	the	
established	 hypoxia-	based	 parameter	 T90	 (Table	4).	 BMI	 differed	
significantly	in	patients	with	or	without	sleep	apnea.	In	a	multivari-
able	model	 adjusted	 for	BMI,	 pulse	 pressure	during	daytime	 (beta	
coefficient:	 1.0416,	 P	=	.0467)	 and	 night	 time	 (beta	 coefficient:	
1.2536,	P	=	.0324)	still	correlated	with	HL.	However,	the	correlation	
between	systolic	BP	and	HL	during	night	time	disappeared	following	
adjustment	for	body	mass	index	(beta	coefficient:	1.2483,	P	=	.143).

3.4 | Classification of sleep apnea and circadian 
behavior of blood pressure

The	 proportion	 of	 patients	 showing	 a	 non-	dipping	 pattern	 of	 BP	
was	not	different	in	patients	with	(AHI	≥15/h)	compared	to	patients	
without	moderate	to	severe	SDB	(AHI	<15/h)	(P	=	.460).	However,	
results	from	univariable	binomial	logistic	regression	models	suggest	
that	 the	 odds	 of	 non-	dipping	 blood	 pressure	 by	 night	 is	 5	 times	
higher	 in	patients	with	predominant	OSA	compared	with	patients	
with	predominant	CSA	(OR	=	5.26,	P	=	.013).	After	adjusting	for	co-
variates	such	as	age,	BMI,	mean	systolic	BP	at	night,	number	of	BP	
lowering	drugs,	and	sex,	the	odds	of	non-	dipping	blood	pressure	by	
night	was	almost	5-	times	higher	in	patients	with	predominant	OSA	
compared	with	patients	with	predominant	CSA.	This	just	missed	sig-
nificance	(OR	=	4.67,	P	=	.051).	These	results	should	be	interpreted	
with	caution	due	to	the	smaller	number	of	patients	with	predomi-
nant	CSA,	resulting	in	lower	estimation	accuracy.	Univariable	linear	
regression	 models	 showed	 no	 statistically	 significant	 differences	
between	 patients	 with	 predominant	 OSA	 and	 patients	 with	 pre-
dominant	CSA	regarding	systolic	BP,	diastolic	BP,	or	pulse	pressure.

4  | DISCUSSION

4.1 | Association of event- based as well as  
hypoxia- based measures of SDB

Several	complications	and	end-	organ	damage	are	attributed	to	the	
amount	and	severity	of	 intermittent	hypoxia	 in	SDB.18	Severity	of	

TABLE  2 Event-	based	and	hypoxia-	based	parameters

AHI < 15/h AHI ≥ 15/h P value

Event-	based	measures	of	SDB

Apnea-	hypopnea	
index,	AHI	(1/h)

7.5	±	4.1 29.6	±	13.0

Hypoxia-	based	measures	of	SDB

Mean	oxygen	
saturation,	mean	
SpO2	(%)

92.8	±	2.4 92.0	±	2.5 .14

Time	below	90%	
saturation,	T90	(s)

2803	±	4619 4654	±	5839 .52

Hypoxia	load,	HL	(%) 7.0	±	2.2 7.9	±	2.6 .06

Minimum	oxygen	
saturation,	min	SpO2 
(%)

76	±	13 73	±	10 .28
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F IGURE Correlation	between	the	apnea-	hypopnea-	index	(AHI)	and	the	time	below	90%	saturation	(T90,	A)	as	well	as	the	hypoxia	load	(HL,	
B).	AHI,	apneas	and	hypopneas	per	hour;	HL,	hypoxia	load

TABLE  3 Measures	of	blood	pressure

Day Night

AHI <15/h AHI ≥15/h P value AHI <15/h AHI ≥15/h P value

Systolic	BP	(mm	Hg) 126.1	±	14.4 128.83	±	15.3 .433 117.28	±	14.8 124.2	±	16.5 .059

Diastolic	BP	(mm	Hg) 76.9	±	11.8 77.10	±	11.9 .901 69.68	±	9.6 71.9	±	12.4 .374

Pulse	pressure	
(mm	Hg)

49.1	±	9.7 51.7	±	10.7 .374 47.6	±	10.5 52.3	±	12.1 .131

AHI HL T90 Mean SpO2 Min SpO2

Day

Systolic	BP P	=	.92 P = .16 P	=	.90 P	=	.19 P = .87

R2 = 0.0001 R2 = 0.02 R2 = 0.0001 R2 = 0.02 R2	=	0.003

Diastolic	BP P	=	.13 P = .72 P = .18 P = .56 P = .071

R2 = 0.02 R2 = 0.001 R2 = 0.02 R2 = 0.004 R2	=	0.03

Pulse	pressure P = .11 P = .014 P = .077 P = .11 P	=	.53

R2	=	0.03 R2 = 0.07 R2	=	0.03 R2	=	0.031 R2 = 0.0004

Night

Systolic	BP P = .46 P = .043 P = .06 P = .051 P = .02

R2 = 0.0006 R2 = 0.05 R2 = 0.04 R2 = 0.04 R2 = 0.06

Diastolic	BP P	=	.38 P	=	.98 P	=	.98 P	=	.9 P	=	.63

R2	=	0.009 R2 = 0.001 R2 = 0.0001 R2	=	0.0003 R2 = 0.002

Pulse	pressure P = .058 P = .0034 P = .0075 P = .16 P	=	.32

R2 = 0.045 R2 = 0.1 R2 = 0.08 R2	=	0.033 R2 = 0.01

AHI,	apnea-	hypopnea	index;	HL,	hypoxia	load;	mean	SpO2,	mean	oxygen	saturation;	min	SpO2,	mini-
mum	oxygen	saturation;	T90,	time	below	90%	saturation.
Bold	values	indicate	significant	differences	at	P	<	.05.

TABLE  4 Univariable model: 
associations between event- based and 
hypoxia-	based	parameters	and	measures	of	
blood	pressure
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SDB	 is	 currently	 evaluated	 by	 the	 event-	based	 measure	 of	 SDB	
“AHI”16	 considering	 the	 number	 of	 hypopneas	 and	 apneas	 per	
hour	 during	 sleep.	 Apneas	 are	 defined	 as	 a	 >90%	 drop	 from	 the	
peak	 thoracic	 excursion	 of	 the	 pre-	event	 baseline	 for	 more	 than	
10	seconds	without	requisitioning	oxygen	desaturation.	In	the	case	
of	a	hypopnea,	 the	peak	 thoracic	excursion	drops	by	≥30%	for	at	
least	 10	seconds	 accompanied	 by	 ≥3%	 oxygen	 desaturation	 from	
pre-	event	baseline	or	an	arousal.16	Therefore,	 the	current	 scoring	
system	of	SDB	is	mainly	focused	on	the	occurrence	of	respiratory	
events	 but	 does	 not	 incorporate	 the	 absolute	 degree	 and	 dura-
tion	of	desaturation	 characterizing	 and	determining	 the	nocturnal	
	hypoxemic	burden.16

Initially,	we	determined	the	distribution	of	nocturnal	hypoxemic	
burden	 and	 the	 severity	 of	 SDB	 in	 patients	with	 suspected	 SDB.	
To	 further	 characterize	 hypoxemic	 burden,	we	 introduced	 a	 novel	
marker	describing	the	hypoxic	load	(HL)	during	night.	The	HL	is	rep-
resenting	 the	 integrated	area	above	 the	SO2-	curve	and	correlates	
well	to	T90.	However,	in	contrast	to	conventional	hypoxia	markers	
like	T90,	HL	describes	hypoxemic	burden	 independently	 from	any	
threshold	or	cause	for	oxygen	desaturation.	We	showed	that	mark-
ers	 estimating	hypoxemic	 burden	during	night,	 like	HL	or	T90,	 do	
not	 correlate	with	 the	 event-	based	marker	AHI	 either	 in	 patients	
with	an	AHI	>15/h	or	 in	patients	with	an	AHI	<15/h.	Particularly,	
patients	with	 an	AHI	<15/h	 show	a	broad	variation	 in	HL	 ranging	
from	very	low	values	to	values	higher	than	those	found	in	patients	
with	severe	SDB.

The	 observation	 that	 severity	 of	 SDB	 determined	 by	 the	AHI	
does	not	represent	nocturnal	hypoxemic	burden	has	relevant	clini-
cal	implications.	In	chronic	stable	heart	failure	patients	with	reduced	
ejection	fraction,	the	hypoxemic	burden	per	se,	determined	by	eg,	
T90,	and	not	 the	number	of	 respiratory	events	determined	by	 the	
AHI,	but	is	a	predictor	of	all-	cause	mortality.19	Minimal	oxygen	sat-
uration	during	 sleep,	 the	number	of	desaturations	<90%	per	hour	
and	T90,	were	significantly	associated	with	adverse	events	in	heart	
failure	 patients	 with	 reduced	 ejection	 fraction,	 whereas	 the	 AHI	
was not.20,21	Nocturnal	hypoxemia	in	OSA	has	been	shown	to	be	an	
important	predictor	of	poor	prognosis	for	patients	after	myocardial	
infarction.22	In	comparison	to	the	AHI,	T90	and	HL	describe	the	hy-
poxemic	burden	during	night	and	may	be	particularly	 important	to	
predict	progression	of	cardiac	remodeling	and	cardiovascular	events	
triggered	by	hypoxia.

4.2 | Nocturnal hypoxic burden and blood pressure

Of	note,	AHI	did	not	correlate	significantly	with	systolic	BP,	dias-
tolic	BP,	or	pulse	pressure.	However,	we	observed	a	robust	associa-
tion	between	nocturnal	hypoxemic	burden	determined	by	HL	and	
pulse	pressure	during	day-		and	night-	time.	Pulse	pressure	is	a	risk	
factor	for	cardiovascular	complications,23,24	 like	myocardial	 infarc-
tion,24,25 and is related to increased cardiovascular mortality and 
morbidity.26	 Additionally,	 pulse	 pressure	 partly	 reflects	 	reduced	
vascular	 compliance	 and	 increased	 arterial	 stiffness,27 which re-
sults	 in	 increased	 pulsatile	 load	 and	 impaired	 left	 ventricular	

relaxation.28,29	 Interestingly,	 a	 relationship	 between	 arterial	 stiff-
ness	and	OSA	was	shown	in	middle-	aged	hypertensive	subjects.30 
The	correlation	between	pulse	pressure	and	HL	shown	in	this	study	
further	supports	the	hypothesis	that	nocturnal	hypoxia	may	be	in-
volved	in	the	pathophysiology	of	reduced	vascular	compliance	and	
subsequent	increase	in	pulse	pressure.31 A numerical trend towards 
a	correlation	was	observed	for	T90,	though	not	always	significant.	
Interestingly,	 the	correlation	between	systolic	BP	and	HL	at	night	
disappeared	following	adjustment	for	body	mass	index,	suggesting	
that	 not	 just	 hypoxemic	 burden	 but	 also	 other	 concomitant	 con-
ditions,	 like	 obesity	 and	 metabolic	 syndrome,	 contribute	 to	 the	
	complex	regulation	BP.

4.3 | Circadian rhythm in blood pressure and 
measures of SDB

Sleep	 disordered	 breathing	 is	 known	 to	 impact	 the	 circadian	 varia-
tion	of	BP.	The	non-	dipping	pattern	of	BP,	characterized	by	a	<10%	
decrease	 in	 nocturnal	 systolic	 and	 diastolic	 BP,	 has	 been	 shown	 to	
correlate	to	SDB	severity.32	Its	prevalence	is	high	among	non-	treated	
OSA	 patients,33,34	 and	 CPAP	 therapy	 can	 restore	 normal	 circadian	
rhythm.35,36	Repetitive	hypoxia	and	hypercapnia	may	result	in	chemo-
receptor	 activation,	 increased	 sympathetic	 activity,	 and	 vasocon-
striction during day and night.37	The	proportion	of	patients	showing	
a	non-	dipping	pattern	of	BP	was	not	different	 in	patients	with	 (AHI	
≥15/h)	compared	to	patients	without	moderate	to	severe	SDB	(AHI	
<15/h).	 However,	 the	 risk	 to	 show	 a	 dipping-	pattern	 of	 BP	 was	
	5-	times	 higher	 in	 patients	with	 predominant	OSA	 compared	 to	 pa-
tients	with	predominant	CSA,	pointing	towards	a	more	relevant	role	
of	obstructive	apneas	on	circadian	rhythm	of	BP	compared	to	central	
apneas.	However,	neither	HL	nor	T90,	both	markers	 for	hypoxemic	
burden	during	night,	 correlated	with	 the	occurrence	of	non-	dipping	
pattern	of	BP.

4.4 | Strengths and limitations of the study

We	selected	 an	explorative	 approach	 to	 allow	 the	 analysis	of	 the	
suspected	 association	 between	 BP	 parameters	 and	 features	 of	
SDB.	This	study	generates	the	hypothesis	that	nocturnal	hypoxemic	
burden	may	 contribute	 to	 the	 complex	 regulation	 of	BP	 and	may	
represent	 a	 suitable	 treatment	 target	 in	 hypertension.	 Whether	
this	association	can	be	confirmed	 in	a	prospectively	characterized	
cohort	needs	to	be	investigated	in	a	future	study.	Severity	of	self-	
reported	daytime	 sleepiness	was	not	accessed	by	a	questionnaire	
and	tobacco	and	alcohol	use	was	not	captured	in	this	study.	Patients	
who	 did	 not	 have	 >70%	 BP	 measurements	 were	 excluded.	 This	
might have resulted in a selection bias as this was not an intention 
to	treat	design.	The	mechanisms	which	may	explain	the	association	
between	nocturnal	hypoxemic	burden	and	pulse	pressure	should	be	
investigated	in	future	clinical	and	preclinical	studies.	The	mean	age	
of	 the	 subjects	 included	 in	 this	 study	was	 relatively	 high	 and	 the	
association	between	nocturnal	hypoxemic	burden	and	BP	might	be	
different	in	a	younger	cohort.
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4.5 | Summary

The	data	of	this	cross-	sectional	study	showed	that	nocturnal	hypox-
emic	 burden,	 but	 not	 the	 AHI	 as	 an	 event-	based	measure	 of	 SDB	
severity,	 was	 associated	 with	 high	 pulse	 pressure.	 This	 association	
remained	significant	even	after	adjustment	for	body	mass	index.	The	
correlation	 between	 systolic	 BP	 and	 HL	 at	 night,	 however,	 disap-
peared	 following	 adjustment	 for	body	mass	 index.	The	presence	of	
predominant	OSA,	but	not	hypoxemic	burden,	increased	the	odds	for	
non-	dipping	 blood	 pressure	 profile.	Whether	 nocturnal	 hypoxemia,	
which	can	be	quantified	by	low-	cost	nocturnal	oximetry,	can	be	used	
to	further	characterize	sleep	apnea	severity	or	represents	a	suitable	
marker	of	BP	pattern	and	a	potential	treatment	target	in	hypertensive	
patients	warrants	further	research.
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