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Bull Physiopathol Respir (Nancy). 1972 Sep-Oct;8(5):1159-72

Continuous recording of the pulmonary and systemic
arterial pressure during sleep in syndromes of
hypersomnia with periodic breathing.

Coccagna G, Mantovani M, Brignani F, Parchi C, Lugaresi E.
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Obstructive Sleep Apnea and Hypertension

David A Calhowun

Prevalence of hypertension= 50%.

Hypertension Prevalence of OSA= 30-40%



Obstructive sleep apnoea syndrome as a risk factor for
hypertension: population study

Lavie P, Herer P, Hoffstein V

BMJ 2000 Feb 19;320(7233):479-82

Association of sleep-disordered breathing, sleep apnea and
hypertension in a large community-based study; Sleep Heart
Health Study

Nieto FJ, Young TB, Lind BK, Sharar E, Samet JM, Redline S, D’ Agostino RB, Newman AB,
Lebowitz MD, Pickering TG

JAMA 2000 Apr 12;283(14):15829-39

There is a linear relationship between AHI and prevalence
and severity of hypertension

B The more severe the OSA, the higher the risk of having
R hypertension of increasing severity.




LONGITUDINAL STUDIES

STILL
CONTROVERSIAL!!!




type of the population investigated
1.homogenous working cohort (WSCS),
2. patients referred for evaluation of sleep-disordered breathing ( Marin)
3.geographically and racially diverse population (SHHS),
4.a random sample from a specific region in Spain (Cano-Pumarega)
different BMIs

29 +/- 6kg/m2 different.reference group to calculate odds ratio
28.7 +/- 3.9 AHI = 0 in WSCS

27.9+/-5 AHI = 0-4.9 in SHHS and Marin

25.5 +/- '3_7 RDI = 0-2.9 events/h in Cano-Pumarega

different ages at baseline

47 +/- 8 follow-up period

4 years
49.7 +/- 11.3 5¥ea:s
59.6 +/- 10.3 25 years
47.4 +/- 10.4 113 vears

Different methodologies

in-laboratory polysomnography in WSCS
in-home polysomnography in SHHS and Marin
in-home polygraphy in Cano-Pumarega



How to diagnose Hypertension
in OSA patients?

—Office?
—Home?
—ABPM?



Guideline Journal of Hypertension 2012, 30:633-646

Position paper on the management of patients with
obstructive sleep apnea and hypertension: _Joint
recommendations by the European Society of
Hypertension, by the European Respiratory Society
and by the members of European COST
(COoperation in Scientfic and "lechnological

research) AC TION B26 on Obstructive Sleep Apnea

Gianfranco Parati® P, Carolina Lombardi®, Jan Hedner<, Maria R. Bonsignore®, Ludger Grote©,
Ruzena Tkacova®, Patrick Levyf, Renata Riha¥®, Claudio Bassetti", Krzysztof Narkiewicz',
Giuseppe Mancia®, Walter T. McNicholas’, on behalf of the EU COST ACTION B26 members

Eur Respir J 2013; 41: 523-538
DOI: 10.1183/09031936.00226711
Copyright @ERS 2013

ERS/ESH TASK FORCE REPORT

Recommendations for the management of
patients with obstructive sleep apnoea and
hypertension

Gianfranco Parati, Carolina Lombardi, Jan Hedner, Maria R. Bonsignore,

Ludger Grote, Ruzena Tkacova, Patrick Lévy, Renata Riha, Claudio Bassetti,
Krzysztof Narkiewicz, Giuseppe Mancia and Walter T. McNicholas on behalf of the
EU COST Action B26 members




Pre-test probability
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hypertensive Non hypertensive hypertensive Non hypertensive

PSG
according to guidelines

according to guidelines according to guidelines

If OSA +

Adequate treatment

Follow-up PSG + ABPM




NON DIPPING
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Ambulatory BP Profiles for Sleep Apnoea Subjects (n = 45)
compared to Closely Matched Control Subjects (n =45)

night time period

Dawes et al , Thorax 2000; 55- 736-740




Masked hypertension in obstructive sleep apnea syndrome

Jean-Philippe Baguet*®, Patrick Lévy®®, Gilles Barone-Rochette?,
Renaud Tamisier®®, Héléne Pierre?, Marie Peeters®®. Jean-Michel Mallion?

and Jean-Louis Pépin®®

UNTREATED PATIENTS
Clinic I
Pressure White Coat Sustained
Hypertension Hypertension
140/90
True Masked
Normotension Hypertension
135/85

=1
24h Ambulatory Pressure

Home BP



High prevalence of unrecognized sleep apnoea in drug-
resistant hypertension

Alexander G. Logan®‘, Sandra M. Perlikowski®, Andrew Mente?,

Andras Tisler?, Ruzena Tkacova®, Mitra Niroumand®, Richard S.T. Leung®

Hypeteanson Reaanch (2014) 37, 501-5613
& 2014 The Jpanese Sooety of Hypeension

REVIEW SERIES

Obstructive sleep apnea syndrome as a cause
of resistant hypertension

- - - h - - b - - > - \‘ - Y
Gianfranco Parati'?, Juan Eugenio Ochoa®?, Grzegorz Bilo?, Paola Mattaliano®®, Paolo Salvi?,
Kazuomi Kario* and Carolina Lombardi®

Data are mean 4+ SEM. * P < 0.05, Fisher's exact test; 1 P < 0.05, unpaired t-
test.
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B SPECIAL COMMUNICATION _ ' CLINICIAN'S CORNER

The Seventh Report of the Joint | Cox 3. 1dentifisble Causes of
National Committee on Prevention,, | | Hypertension
Detection, Evaluation, and Treatment L
of High Blood Pressure " (see Box 3)

Chronic kidney disease
The INC 7 Report : , Primary aldosteronism

; : — Renovascular discase
Aram V. Chobanian, _MD _ Box 3. Causes of Resistant Hypertension Lh ronic steroid tlilcrapy and
George L. Bakris, MD Improper blood pressure m , Cus‘hing syndro me
Henry R, Black, MD ' Volume overload and pseuc e -

e : Excess sodium intake l’hcochro‘mocyu)l'na
William €. Cushman, MD LS niake o , ‘ »

Volume retention from kidney disease Coarctation of the aora

Lec A (}r('(:n, MD. MPH [nadequa(c diuretic [hcrapy "‘ 'd ' l i 1 1 rA5€
Joseph L. Tzzo, Jr. MD Drug-induced or other causes {h)’l‘ OLd OF paratiyroid disease
W M Nonadherence : :
Danict W. Jones, Z\;l} _— inidequgte disés
Barry J. Materson. MD. MBA Inappropriate combinations
Suzanne Oparil, MD Nonsteroidal anti-inflammatory drugs; cyclooxygenase 2 inhibitors
Jackson T. Wright. Jr, MD, P’hD Cocaine, amphetamines, other illicit drugs
Jackson T. Wright. Jr, MD, Phl

L — Sympathomimetics (decongestants. anorectics)
Edward J. Roceella, PhD, MPH Oral contraceptives

and the National High Blood Adrenal steroids . J AMA. 2003
Pressure Education Program E)’C]}‘:SP‘-’“_“‘? and tacrolimus
Coordinating Committee -rythropoietin
Coordinating Gom Licorice (including some chewing tobacco) May 21:2 89( 1 9) ; 25 60‘72 .
Selected over-the-counter dietary supplements and medicines (eg, ephedra, i
ma haung, bitter orange)
Associated conditions
Obesity

o L
Identifiable causes of hypertension (see B()XD




2007 Guidelines for the Management of Arterial Hypertension

The Task Force for the Management of Arterial Hypertension of
the European Society of Hypertension (ESH) and of the European
Society of Cardiology (ESC)

Box 20 Causes of resistant hypertension

e Poor adherence to therapeutic plan
e Failure to modify lifestyle including:
weight gain
heavy aleohol intake (NB: binge drinking)
Continued intake of drugs that raise blood pressure ESH-ESC GUIDELINES
(liquorice, cocaine, glucocorticoids, non-steroid -
gu e J.Hypertension 2007,
: 25:1105-1187

Obstructive sleep apnea
specred secopdarT cause

lrreversible or scarcely reversible organ damage
Volume overload due to:

madequate diuretic therapy
progressive renal insutheiency
high sodium intake
hyperaldosteronism
Causes of spurious resistant hypertension:
e [solated office (white-coat) hypertension
e [ailure to use large cuft on large arm
e Pscudohypertension







Intermediary Mechanisms

Sympathetic Activation
Vasoconstriction
Increased Catecholamines
Tachycardia
Impaired CV Variability

Endothelial Dysfunction

Vascular Oxidative Stress

Inflammation

Increased Coagulation

Metabolic Dysregulation
Leptin Resistance

Obesity
Insulin Resistance




Spontaneous baroreflex sensitivity (BRS) during sleep
is lower in OSAS patients than in normals in all sleep stages

20
p <0.006 p <0.0015 NS
157
Mean
baroreflex 10-
sensitivity
(ms /mmHg)
5 -
0-
W NREM REM
B Normals
B 0sAS

Parati G et al J.Hypertens 1997; 15 : 1621-1626




L Sleep Res. (2008) 17, 263-270

doi: 1001111/5.1365-28659. 200800659 %

disordered breathing

Daytime sleepiness and neural cardiac modulation 1n

sleep-related breathing disorders

CAROLINA LOMBARDI'*
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ELIO LUGARESI', GIUSE
and PAOLO CASTIGLIONI

'Center for Sleep Disorders, Department of Neuro
Prevention, University of Milano-Bicocea, Milan, 1
*Polo Tecnologico, Biomedical Technology Depart
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Awake 1 2 3-4 REM
Sleep stage

EDS

Awake 1 2 3-4 REM
Sleep stage



Obstructive Sleep Apnea

Obstructive Sleep Apnea With Objective Daytime Sleepiness
Is Associated With Hypertension

Rong Ren.* Yun Li,* Jihui Zhang, Junying Zhou, Yuanfeng Sun, Lu Tan, Taomei Li,
Yun-Kwok Wing, Xiangdong Tang

(Hypertension. 2016:;68:1264-1270.

Table 3. Adjusted ORs and 95% Cls for the Association of Hypertension With OSA and MSLT

OR (95% Cl)
Predictors Model 2
Primary snoring
MSLT =8 min Reference Reference Reference
5 min<MSLT<8 min 1.03(0.61-1.75) 1.08 (0.64-1.84) 1.13(0.66-1.92)

MSLT {5 min T O I T 04 M A 4 00\ 1 0NN AG 7 NAY
SO SLEEPINESS AND NOT ONLY SLEEP IS A NEW
CARDIOVASCULAR FRONTIER??

0SA
MSLT >8 min
5 min=MSLT<8 min
MSLT <5 min Probably yes
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EFFECTS OF CPAP ON BP

192 Curr Hypertens Rep (2010) 12:189-195

Table 1 Summary of meta-analyses of randomized controlled CPAP tnals

Study Number of BP end point Minimum CPAP Outcome
trials/patients duration

Mo and He [28] Ambulatory 24-h SBP: —0.95 mm Hg (not significant)
24-h DBP; -1.78 mm Hg

BMT body mass index, BP blood pressure, CPAP continuous positive airway pressure, DEP diastolic blood pressure, OS54 obstructive sleep apnea,
SBP systolic blood pressure




Position paper on the management of patients with
obstructive sleep apnea and hypertension: Joint
recommendations by the Furopean Society of
Hypertension, by the European Respiratory Society
and by the members of European COST
(COoperation in Scientific and "lechnological

research) ACTION B26 on Obstructive Sleep Apnea

Gianfranco Parati®®, Carolina Lombardi®, Jan Hedner, Maria R. Bonsignore9, Ludger Grote®,
Ruzena Tkacova®, Patrick Levy', Renata Riha“, Claudio Bassetti”, Krzysztof Narkiewicz',
Giuseppe Mancia®, Walter T. McNicholas!, on behalf of the EU COST ACTION B26 members

Journal of Hypertension 2012, 30:633-646

Continuous positive airway pressure treatment
in obstructive sleep apnea patients with
hypertension

Many studies have assessed the impact of active therapy of
OSA on BP levels both in normotensive and hypertensive
patients with variable results (see Table 51).

The wvarious reports have emploved widely ditferent
methodologies, ranging from short-term placebo-controlled
protocols to long-term observational studies. Despite the
widelv differinog methodologies. the overall findings of these
reports is that CPAP therapy in OSAS results in a lowering of
BP levels, which is most pronounced when assessed by
ABPM and in patients with severe OSA that regularly use
CPAP everv night for at least 5 h per night, and who have
preexisting hypertension. The benefit affects both SBP and
DBP and is evident both during wakefulness and slee




P

Diagnosis methodology
EDS/ non EDS Key Points
Treatment Adherence, Titration, Auto/fixed

Hypertension/non hypertension at baseline,
Masked hypertension, Uncontrolled/controlled
hypertension, Resistant hypertension

Target organ damage







BEST PHENOTYPING

Predictors?



ESADA

Eurcopean Sleep Apnea Database

"Our goal is too generate
pan European sleep Iaboratory
database for cross-sectional
and for outcome research in

sleep apnea”

The Esada project uses a web
based platform for collection of
clinical data from patients
referred to European sleep
laboratories. Specific sub
cohort protocols linked to the
database deal with
pathophysiology. genetic
mechanism, neurocognitive,
impairment and cardiovascular
disease in obstructive sleep
apnea.
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Circadian Sleep
Disorders and

Social JetLag

Other Weekdays | Weekend (Go to hell vou arcadian rhythm)




«global treatment» of OSA

CPAP, Weight Loss, or Both for Obstructive Sleep Apnea

[ CPAP alone [0 Weight loss+CPAP [ Weight loss alone

C Change in Systolic Blood Pressure

Modified Intention-to-Treat Population Per-Protocol Population
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journal homapage:

Conmtents lists available at Sciencelirect

Pharmacology & Therapeutics

wewwwe aslsewiear. comflocate/ pharmtheara

W hich place of pharmacological approaches beyond continuous positive
airway pressure to treat vascular disease related to obstructive

sleep apnea?sr

Elodie Gautier-WVeyret *, Jean-Louis Pépin, Francoise Stanke-Labesgue

Lo fGrerable Alpes, P2, F-3 80 T Gresiabbe, Froroe
INSERAS L N0l 2, 380 T (Girere b, Firerece
Genire hospiralier Linwvers it ire Greno hle Ajves, 35047 Grennble Fromnoe

Table 2

Snudies invest gating vascular effecs of drugs in 05A patens”

Drug

Made ol action Treatment modalities

Study design

Study population

Effects on vascular parameters”

Losartan

Spironolacions

Eplerenane

Bosentan

Carbsocy Stei ne

WVitamin C

Vitamin O

Allopur inal

ATOTY SSLATI

Testase none

Liraglutide

Phentermine

Lofir Amsle

Angiotensin Il
receplon
AL O 51
Minerabmmimid 20 mg'd [up o0 mg'd if

50 mg'd lor 6 weeks

receplon required atweekd)lor 12

ANLEg O s weeks

Mineralomimid 50 mg'd for 3 months

receplon

ANLEgOnis

Mixed endothelin 125 mgid for 4 weels

receplon

antagonist [ETs

and ETg)

Ao id ant 1500 mg'd [ S00mg tid ) lar
G wesks

At idant Single intravendus
injection of 05 g

Aniosidant Single intra-arveri sl
infusion of 625 mg

At idant 300 mgd for 2 weels

[samhine axidase

inhibitor)

HMG-CaA Al mg'd far 12 weels

reduciase

i b

Androgenic 1000 mg a1 0, & and 12

hormane wesks

Clucagon-like 3 mg for 32 weeks

combvined with diet and
EXBCEe

peptide-1 analog

Phenterm ine: 15 mg'd of phentermine +
sympathomimenic extended release

Aming topramate 92 mgid for 28
Toopir amate : weeks

inhilivor af

cartsiymic

anhydr e

Open randomised parallel-design trial: losartan
alane (n = Z3)va lesartan + CPAP (n = 25)

Open blank-controlled randomized mial® usual
hyperensive therapy v uswal hypemensive
therapy + spironolagone (n = 15in esch arm )

Dse rvational uncontrolled trial (n= 31)

RCT crss-over design: bosentan vi CPAF (n =
1G]

Dibse rvational uncontrolled trial® [n = 40)
Cxte-contral sudy (n = 10 cxses)
Cre-contral sudy (n =11 ces)

RLCT crss-ver design: alloparinol va. placeba (n
=12

RCT parallel-design: storvastatin (o =25) va
placeto (n = 26)

RCT parallel-design: 1esisierone (o= 33) v,
placebo [n = 34), both combined with likstyle
mad i fhcation program

Double blind RCT: liraglutide (0 = 180) va.
placebo (n= 179)

Double Wind BECT: phentermine + topir amate [n
= 2 vi plaebo (n = Z3 |, both combdined with
lilesnyle- modification counse ling

Newly dizgnosed
hyperensive and
05 A palienk
Maoderate o severe
O5A patiens with
resiLant
hyperians ion
Maoderate o severe
O5A patienis with
resELant
hyperension

Mildly hyperensive
patients with severe
O6A

Maoderate 1 sevens
O5A patiens
Uinitreatad severe
O5A paliens

Male moderste 1o
severe 05 A paliens
Maoderale © severne
O5A mot Dreated

Severe O5A patients

Obese O5A men
Ohese maderate 1o
severe 05 A paliens

Obese moderate to
severe 05 A patienis

& BPwithout any additve effect
with {PAP, except in adherent
patie nts [ Thanstrdm e al, 2006)
4 BP[Yangeral, 2016)

4 BP, PWV, aartic AIHR7S, and Al
[Krasiiska o gl 2006)

& BPwith a trend for 2 greater
&ffect than CPAP | joyeux-Faure &
al, 2015)

4T
+=i FMID [ Wi &1 2, 2016)
4 FMD [ Grebe ot al_, 2006)

4 Ach-indwcad FRF | Blichper a1
al, 2011)
4 FMD (B Solh &t al., 2006)

4 BP

= PAT, PWV and caratid
atherasclerosis (1T amd lwinal
diameter | [ Joyew-Faure &t al,
2014)

% sortic Al by 328 (Hoyos e al,
2012)

& systolicBP

=4 disstalic BP [ Blsckman et al
2016)

& systolic BP [Winslow et al,
2012)
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Thank you for your attention




THANK YOU FOR YOUR ATTENTION




Blood pressure level (nmHg) or pulse rate (bpm)
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Systolic BP (mmHg)
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Proportion of Total Sudden Deaths
from Cardiac Causes (%)
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