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Obstructive sleep apnea and hypertension: why
treatment does not consistently improve blood
pressure?
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APNEE OBSTRUCTIVE DU SOMMEIL ET L'HYPERTENSION ARTERIELLE

CENTRAL ILLUSTRATION: Potential Etiological Risk Factors for Sleep Ap-

nea and the Downstream Consequences
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Respiratory control instability Obesity Upper airway dysfunction
A A
} :
Sleep apnea
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et Metabolic Oxidative Vaseuiar Intermittent

sympathetic dvsrequlation | | Inflammation i endothelial hicoda

nerve activity ysreg dysfunction yp
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Heart disease Hypertension Atrial fibrillation

End-stage
cardiovascular disease

Javaheri, S. et al. J Am Coll Cardiol. 2017;69(7):841-58.
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e strength of association
* consistency

* specificity

* temporality

* biological gradient

* coherence

* experiment

Sir Austin Bradford Hill (1897-1991)

* analogy
Do Nails
Cause Lung Cancer?
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Temporality: exposure must precede the onset of disease

subgroup of employees of four Wisconsin
state agencies was mailed a four-page
guestionnaire on sleep habits, health history,
and demographic information

A stratified random sample of respondents was
invited to participate in the study

\ 4
1189 completed the baseline sleep study

ODDS RATIO (MODERATE OSA-
HYPERTENSION), ADJUSTED FOR BASE-LINE
v HYPERTENSION STATUS, NONMODIFIABLE
709 partecipated in a 4 years follow up study RISK FACTORS’ HAB|TUS’ AND WEEKLY
ALCOHOL AND CIGARETTE USE = 2.89
(1.46-5.64) (p for trend 0,002)

184 partecipated in a 8 years follow up study

Peppard NEJM 2000
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biological gradient: if a dose response is seen, it is more likely that the association
3,75

is causal
: I I I I I I
0,

5,
mild OSA moderate OSA severe OSA

— OR adjusted for baseline HTN, age and sex
OR adjusted for baseline HTN, age, sex, BMI, waist and neck circumference
OR adjusted for baseline HTN, age, sex, BMI, waist and neck circumference, smoking status and

alcohol intake
P <0,05 for the linear trend of the logistic regression coefficients (log of the ORs)

Modified from Peppard NEJM 2000
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Consistency: same finding replicated by other studies

and in multiple different populations

Wisconsin Sleep Study (n=709), follow up 8 years

- 30-60 yo american males and females

- Wisconsin state employes

Sleep Heart Health Study (n=6841), follow up 3 years

- aged 40 years and older

drawn from nine existing parent cohorts; most relevant ethnicities represented

Wisconsin Sleep Study

Sleep Heart Health Study

Punto de corte |AH Prevalencia HTA (%) OR* {IC del 95%) Punto de corte |AH Prevalencia HTA (%) OR* (IC del 95%)

0 17 1 <15 43 1

0,1-49 28 1,39 (1,04-1 84) 15-49 53 1.07 (0,91-1,26)

5-14.9 48 1,92 (1,09-3 39) 5149 59 1.200(1,01-142)

=15 60 2.66(1,13-6.25) 15-29.9 62 1.25 (1,00-1,56)
> 30 67 1.37 (1,03-1,83)

Young T. Am J Resp Crit Care Med 2002
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Strength of association: the larger an association between exposure and disease,
the more likely it is to be causal

ISSUES:

- OSA screening and diagnosis

HT assessment (office/ambulatory)
OSA cut offs

Co morbidities

Lack of matching (BMI)
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biological plausibility and coherence:
biological models must exist to explain the association

Obstructive sleep apnoea

I
I I l I

Intermittent Intermittent Arousal from Increased pleural
Hypoxia Hypercapnia sleep pressure swings
Chemoreceptor Sleep
Stimulation fragmentation
Pulmonary stretch
\ / receptor activation
ET-1 production Sympathetic activation
and Endothelin A
receptor |
expression Angiotensin Il production
|

Vasoconstriction - hyperaldosteronism
|

Hypertension
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Specificity: the exposure causes only one disease

c) 15% 04405
Room air| |

12 healthy, nonsmoking, normotensive subjects (two of

15% O+ Ozboks - whom were female), with a mean age of 23 (6) years
s .

N2 N.1TNg Ny Migl Ra (body mass index (BMI) 21.7 (1.9) kg/m?2), free of

Adaptation . . .
T T T T vasoactive medications were enrolled
ABPM, ABPM, ABPM, | ABPM
urine and urine and urine and

blood samples blood samples blood samples

M3NA, bamoreflex and

MSNA, baroreflex and

chemorneflex challenges chemoreflex challenoes
a)100-
Ll
a0
=
. 80+
2 70
[=1 — . .
& Patient with OSA
: B0
Gas flushing
FiO=13% a) 50y T T T T T T
it Air 21:34 2234 23:34 0034 01:34 02:34 03:34
exhausting
0,, SpO; and | _
CO; Monitoring \\ @! b)100
| 90 M“w
L ‘ ' = 80 .
e Y g | Healthy patient under
o% 0
60 IH exposure
50 T T T T T T
2237 2337 00:37 01:37 02:37 03:37 04:37

Time h

Tamisier R. ERJ 2011



|

HYPERTENSION ARTERIELLE

V4

APNEE OBSTRUCTIVE DU SOMMEIL ETL

|

Specificity: the exposure causes only one disease
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reversibility: treating OSA must correspond to reducing blood pressure

CPAP?
MAD?

SURGERY?

ELECTRICAL STIMULATION? '//

WEIGHT LOSS?

NORMAL AIRWAY OBSTRUCTED AIRWAY
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reversibility: treating OSA with CPAP must correspond to reducing blood pressure

J

Identification

[

]

Screening

Eligibility

=
o
=
=
(=]
=

Records identified through database
searching (484 PubMed, 434 Embase, 279
‘Web of Science, 402 Cochrane Library)
{n=1599]

Additionzl records identified
through other sources

in=12)

ki

T

Records after duplicates removed
(n=927)

!

Records screened
{n =683

L 4

Records excluded according to
selection criteria
[n=551)

98 were not RCTs

26 were cPAP ws cPAP

110 were Meta-Analysis or
Reviews

102 did not consider cPAP

51 did not consider 054

164 did not report data on BP

Full-text articles assessed for eligibility
[n=134)

-

n=31)

= 29 cPAP vs. "passive treatment”
analyzing BP response —» main meta-
analysis (in two studies between the
29 which considered a "passive
treatment” arm, a third arm was
included, that evaluated oral devices)

= 1 cPAP vs. an antihypertensive drug
analyzing BP response

= 1 cPAP vs, passive treatment analyzing
incidence of hypertensicn

Studies included in the final analysis

Full-text articles sxcluded, with
reasons
(n=103)
& partial or total overlapping of
sample
12 used cPAP for less than 2
weeks
85 excluded articles according to
ather selecton criteria

CPAP vs passive treatment
(29 RCTs, 1,820 subjects)

Fava C Chest 2014
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reversibility: treating OSA with CPAP must correspond to reducing blood pressure

Enugy name Btansiics for each study Difference in means and B3% CI
CiMference  Lowes  Uppar Rl it
if R ot limit -l e ighs
Arias WA alal 2005 IREIE 4 148 4142 1.040 —'*— 4,12
Barbe F ot al 2001 100 5458 T A58 [k | ] oAb
Barté F e al 2010 2210 605 5OES 0124 _-l;.— 7,24
Bammes Met al 2002 I -3 57T A5TY o750 6,65
Barmnes Moeial 204 0 S -1 483 425 [ LK —l— a4l
Beckes HF of al 200 10E0e  OTE) 2045 0035 _4|_] 1,19
Campas-Rodnguey F ol al 2006 01 S 390 LI E nitd L 188
Comodden Vi el al, 20009 300 4758 a0 0507 i 87
Coughin SR &f al 2007 G, i 34735 oars O 0 —— L]
Croms MO et al 2008 KELE 2 51 541 02649 - P
Dwangar LF e al 2007 1000 E348 BRME 0T > 203
Drager LF gl al Z041  Ca 4 047 s ke QI —t—— a1 |
Luran-Lanioia J el &l S0l 2,00 LU 4,44 oun2 == 135
Egea O @1 al 2008 1 G0 £ dd4 11 G4 (1] - 1,14
Lrglerrain HM =t gl 1958 (REEF 4 g LN oo - P
Faccends JF e1al 2001 1300 0664 A2 0,104 ==l o8
Hul OS &t &l 2006 0 A0 Q56 10353 oaar : 1,146
i MEM et al 2004 Sl -2 BT Hesd Uil 1,41
LamB e al 2007 & 100 2 348 1 S5 sy L = 158
Logang L& al 2010 3 000 3418 R T Q360 = 240
Marafiehd DR o al 2004 DE0e 22427 3227 0142 I 372
Wil Fd gl @l FO06 B O -3 19 & 121 061 - e | 83
Morasteno O oot al 2001 2 O 4471 HaF1 0545 = 245
Mguyen P et al 2010 1 B0 3368 10,199 07o0 = [ 1
Moda Aoetal 2007 12 S0 Q486 24514 o4t | 1R ]
Penpened JO ol al 2002 3 400 0 580 6 220 oe ————t 723
Rotenson G el sl 20048 01, 100 LOgT  AEay 0,569 o 1,68
Futisraumpaesn H =t al A 14 il &) a8 [ERiN — 1,0
Takaesse e1al 2011 £, 100 1778 14AES o2 L 1 2,85
Dyerall sMect 2 LE 1437 IEE [kt Hi] -
13,08 £,00 0,88 [ 1.1 13,80
padsiee Treatment AP

OVERALL DAYTIME (ABPM) NIGHTIME (ABPM)

SBP 2.6 (0.6) mmHg SBP 2.2 (0.7) mmHg SBP 3.8 (0.8) mmHg
DBP 2.0 (0.4) mmHg DBP 1.9 (0.6) mmHg DBP 1.8 (0.6) mmHg

Fava C Chest 2014
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Mean difference

N of studies Mean difference [95% CI]
MhMeta Analysis 2014 20 — & 256 [1.44, 3 68]
Mieta Analysis 2018 50 — 2.33[1.68, 2.898]
N T R

Mo CPAP CPAF

Pengo MF, Fava C 2018 in preparation
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PROS

* CPAP abolishes apnoeas and
hypopnoeas ensuring a normal
respiratory control and blood
pressure profile

*  CPAP reduces sleep
fragmentation, improving sleep
guality and restoring nocturnal
BP dipping

* CPAP improves nocturnal
oxygenation therefore reducing
renin-angiotensin-aldosterone
system and improving BP
profile

AGAINST

CPAP can cause hyperinflation
of the chest, respiratory system
overload with consequent
sympathetic upregulation
Mask leaks can cause patient
discomfort and nocturnal
awakenings with consequent
sympathetic hyperactivation
Low CPAP compliance leave
sleep disordered breathing and
the related blood pressure
swings untreated

Pengo MF, JTD 2018
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16 patients (13males, 47(10)years, BMI 38.5(5.8)kg/m?) were studied.

Baseline BP was 131.0(10.2)/85.1(9.1)mmHg.

BP increased with incremental CPAP (systolic BP r=0.960,p<0.001, diastolic BP
r=0.961,p<0.001; systolic.

SEMG correlated with both systolic (r=0.464,p=0.032) and diastolic BP
(r=0.747,p=0.009).

40
35
30
25
20

*=—BP-sys

15
~8—BP-dia

10

Blood pressure change (mmHg)

no 0 4 6 8 10 12 14 16 18 20
mask CPAP Pressure (cmH,0)

Ratneswaran C Blood Press. 2018
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BMI at baseline?
Daytime sleepiness?
BP at baseline? Non
OSA severity? adherent

Pulse rate at baseline as a surrogate for SNS activation?

compliance/adherence?

Change In diastolic blood pressure Change In systolic koeod pressure Change In 24-h mean blood pressure

20+

mim Hg
1
[}
1 1 L 1
)
o
a0
o0 HOD O
oS
0 Qo
]
08 de o
EE':n am
I
L]
]
[

0 1 2 3 4 5 6 7 & @
CPAP Use, hd CPAP Use, h/d CPAP Use, hjd

HIPARCO trial, JAMA 2013
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Open-label, randomized, multicenter clinical trial of parallel groups with blinded end point design
194 patients were randomly assigned to receive CPAP (n = 98) or no CPAP (control; n = 96)
The mean AHI was 40.4 (SD, 18.9) and an average of 3.8 antihypertensive drugs were taken per patient.

The percentage of patients using CPAP for 4 or more hours per day was 72.4%.

Mean (5D} I I
[Izﬁtﬁgrsn;lp Cm{l:r:l;;;mp r?}:l!r[lqdr;up :LTEE:E“
Differances P Differences P
Baseline Follow-up Baseline Follow-up (95% CI) Valua (95% CI) Value
BP variables,
mm Hg"®
24-h mean BP 103.9 (9.6) 99.8 (14.6) 102.9 (9.6) 102.1 (18.2) 3.1 (0.6 to 5.8) 02 3.9 (1.3 to 6.6) 004
24-h SBP 1449 (11.7) 140.2 (13.1) 143.5 (13.2) 142.3 (17.1) 3.1({-0.61to0k.7) 10 4.2 (0.4 to 8.0) 03
Diurnal 147.2 (12.1) 144.0 (13.7) 145.1 (13.3) 142.5 (16.2) -0.3 (-4.0 10 3.5) B9 1.1(-29t05.2) 59
Mocturnal 141.2 (15.8) 134.6 (16.4) 140.4 (16.8) 137.8 (19.4) 37 (-081t08.2) J1 5.8 (1.1 to 10.5) 02
24-h DBP 83.4(1L.1) 79.5 (11.5) 82.6 (10.0) 82.1(12.7) 32(101t054) 005 38(l41t06.1) .00z
Diurnal B85.7 (11.6) B82.7 (12.5) 84.6 (10.4) 83.2 (13.2) 1.5 {-0.8 to 3.9) 20 2.3 (-0.1 to 4.8) 07
Mocturnal 785 (12.4) 75.4 (11.7) 78.6 (11.1) 77.5(13.5) 21(-06104.7) 13 3.3 (0.5 0 6.1) A2

HIPARCO trial, JAMA 2013
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...ET SI LES MEDICAMENTS FONCTIONNENT MIEUX QUE LE CPAP?

LG e e Ly

e

Patients consenting to
study participation

(n=22)

Screen fallure
(n=8]

Randomized

(n=14)

=  Excluded due to
excassive blood
pressure (n=1)

(" Allocation |

Allocation

AZT phus CPAP
f=l2
&  Ewcluded due to
protocol viclation (n=1}

£\

ATT
MN=1%

14 day washout (erossover)

AN

AZT plus

AZT plus

CPapP AZT CPAP AZT
CPAP - CPAP -
M=13 N=13 Ne12 N=13 Ne12 N=13
14 day washout (crossover)
azT CPAP CPAP “g:l':'_“ AT “ﬂ:‘fs
M=13 M=13 M=13 He12 M=13 M=12

Day -14 ]

ca

Day 56

Day 70
Study
completion

13 male patients with hypertension and
moderate to severe OSA

age 64 t 7 years,

Body mass index 29 + 4 kg/m?2,
apnea-hypopnea index 37 + 23 events/h

Received acetazolamide (AZT) a carbonic
anhydrase inhibitor, CPAP, or AZT plus CPAP for
2-week periods.

Antihypertensive medication was washed out.
Office and 24-hour blood pressure, arterial

stiffness, polygraphic sleep study data, and
blood chemistry were compared.

Eskandari D, J Clin Sleep Med. 2018
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Acetazolamide

CPAP Acetazolamide
Plus CPAP
% jlgg P=.69 ¥ EE' P=.001 ¥ 132' P=.001
- E - E -
E 120+ E 120+ . E 1204
¢ 115- g 1154 ¢ 1154
2 110+ — 2 1104 2 1104
£ 105- £ 105- £ 105-
= 100+ % 100+ % 100+
5 95+ § 95- s 95-
E 80 - % 90+ E 90 - K
a BE- E Eﬁ- HEI
= BOD T r = B0 T T = 80 T T
Baseline  Follow-up Baseline  Fellow-up Baseline  Follow-up
= 100- T 100- i Tdn
" P=.40 Il P=.010 m P=.020
5 80+ § 80+ § 904
] »
E 60 4 — . i 60+ ¥ 60+ —
§ 40- % § a0 % § 40-
£ £ £
20+ 20 - — E 204
E ﬂ T T E U L | E U L] L]
Baseline  Fellow-up Baseline  Fellow-up Baseline  Follow-up

Eskandari D, J Clin Sleep Med. 2018
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160 , Valsartan 160 mg CPAP
C)
I 140 -
E - -
E ot L 1TV ;
: wme{ I I.rl ! L
] \ of
w 120 . 1- ']
i Baseline ‘1Ir‘]_'1'1
N 100 voiartan 160 mg/day - - - -

110
E 100 E
T :
=
E :
: I"- - . .lr '[1- -1 E
s | o 171 L R

a Baseling rl‘I-rl.I'[ E CPAP ---. r

Valsartan 160 mg/day - - - - :

':ﬁ.j#',‘é*'.,é*},é*' RERODRITORCRORORS ;»{K#Lﬁ ORI ORI T R OO
Hours Hours

Pepin JL, AJRCCM 2010
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Eskandari D (J Clin Sleep Med 2018)S
Pepin JL (Am J Respir Crit Care Med...

Joyeux-Faure M (Respirology 2016)*

Bazzano LA (Hypertension 2007)

Fava C (Chest 2014)
Schein AS (J Hypert 2014)
Bratton DJ (JAMA 2015)

0, 2,3 4,5 6,8 9, 11,3
m DBP W SBP

* Difference in office BP change (bosentan-CPAP), p value NS for both SBP and DBP.
SBP=systolic blood pressure, DBP=diastolic blood pressure

# Difference in 24h BP change (valsartan-CPAP), p values <0.001 for SBP and 0.002 for DBP.
S Difference in office change (acetazolamide-CPAP), p values n/a

Parati G, Pengo MF Curr Hyp Rep 2018 in press



DANS CETTE CONFUSION, QUE FERONS-NOUS?




HYPERTENSION: A RISK FACTOR FOR CARDIOVASCULAR DISEASES

Consider monotherapy in

i Initial therapy . . o low risk grade 1 hypertension
Pill Dual combination ACEi or ARB + CCB or diuretic il
very old (=B0 years) or frailer patients

1Pill e rapeation | ACEi or ARB + CCB + diuretic

l

Step 3 . :
) Triple combination + Resistant h’,"pEFtEI‘IS lon Consider referral to a specialist centre
il spironolactone or Add spironolactone (25-50 mqg o.d.) for further investigation
other drug . or other diuretic, alpha-blocker or beta-blocker |

Beta-blockers
Consider beta-blockers at any treatment step, when there is a specific
indication for their use, e.g. heart failure, angina, post-Mi, atrial fibrillation,
or younger women with, or planning, pregnancy

DESC/ESH 2018

Mancia G, ESH Hypertension guidelines 2018



SLEEP APNEA: A SLEEP RELATED BREATHING DISORDER

Performed PSG: diagnosis of OSA according to ICSD and AASM criteria

Mild OSA: Moderate OSA: Severe OSA:
5<AHI<15 15<AHI <30 AHI>30
Symptomls of EDS? Long-term
— Yes—>» &
. | Adherence?, CPAP
Sleep hyglene and | | CPAP therapy effectiveness?
wait loss/bariatric, No Yes (BiLevel, nasal, etc.)
surgery if obesity
comorbidity (BMI > l — No
2. e
30 kg/ n;l ); positional Cranial and/or UA dysmorphisms? '
therapy Alternative treatments
| |
Yes No |
l POSA? ¥
l UA electrical
DISE | ¢ Y stimulation
Positional
therapy
X y - -1 Non-invasive
. surgery, ] Invasive (i.e. transcutaneous
Mandibular advancement devices o submental electrical
(i.e. implantable HNS . )
stimulation)
systems)
* poor adherence < 4 hours of CPAP per night

Bisogni V Expert Rev Respir Med. 2017



PRIMARY AIM IS TO REDUCE CARDIOVASCULAR RISK

Non-modifiable
risk factors

Age

Gender

Cardiovascular
Race disease

Ethnicity

Genetic factors



TAKE HOME MESSAGE

e Association between OSA and hypertension is well
documented and a causal relationship can be postulated
according to the Bradford Hill criteria

e However, treating OSA does not always mean reducing
blood pressure as RCTs showed contrasting results

e Furthermore, the results of the SAVE trial showed that
treating OSA does not prevent cardiovascular disease in high
risk patients

e Precision medicine and better phenotypisation could help
better defining patients who benefit more from treatment
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