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The beginning of the story

“When I drink a strong cup of coffee
on an empty stomach, my breathing

eases, I find substantial relief”

An asthmatic patient

Henry Hyde Salter, 1886



cAMP-PDE inhibition by methylxanthines

100- Theophylline

4 3 2
Log,, Methybcanthine (M)

-J
(&)

=
2
o]
‘= 50
=
&%

no
o
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PDE superfamily

PDE No. of Substrate Km (uM) Km (uM) Tissue expression Specific inhibitors
isoenzyme isoforms cAMP GMP

8 Ca*' /calmodulin- 1-30 3 Heart, brain, lung, smooth  KS-503a
stmulated muscle
oGMP-stimulated 0 Adrenal gland, heart, hng,  EHNA (MEP-1)
liver, platelets
o(GMP-inhibited, . . Heart, lung, liver, platelets,  Cilostamide

cAMP-selective adipose tissue, e
inflammatory cells w
cAMP-speafic Sertoh cells, kidney, bran, Ralipram,
liver, lung, inflammatory R oflurmlast
cells Cilomilast
oGM P-specific Lung, platekts, vascular Sildenafil, Zaprinast
smooth musck
oGM P-specific Photoreceptor Dipyndamole
cA MP-speafic, high- . Skeletal muscle, heart, BR L-504%1
affinity kidney, brain, pancreas, T
lymphocytes
cAMP-selective, Testes, eye, liver, skeletal
muscle, heart, kidney,
ovary, bram, T lymphocytes
oGM P-specific, Kiudney, liver, ung, brain BAY 736691
oGMP-sensitive, cAMP- 0.05 Testes, brain none
selkective
oGMP-sensitive, dual 0.7 . Skeletal muscle, prostate, none
specificity kidney, bver, pituitary and
salivary glands, testes

Br'J'Pharmacol 2006




PDE-S inhibitors in asthma

Inhibition of exercise-induced asthma by
an orally absorbed mast cell stabilizer

(M&B 22948 — zaprinast).
Rudd, Br J Dis Chest 1983

But...... Poor results

However: vasorelaxant properties



PDE-S inhibition in angina

Phase I trials with sildenafil were
disappointing
But

An unxepected side effect evolved

Penile erection



PDE-S inhibition in penile tissue
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The era of PDE-5 inhibitors

March 1998 FDA approval of sildenafil
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[rom Hamburg to Hong Kong, Everyone’s
Buzzing About the Impotence Pill




“Man survives earthquakes,
experiences the horrors of illness ,
and all of the tortures of the soul.

But the most tormenting tragedy of all time is,

and will be, the tragedy of the bedroom.”

Tolstoy
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ED - asthma

e 17.032 droua, 3.466 ue docOua
* 1,9 popéc peyaAutepoc Kivouvog yio ZA
e 2VoyETIoN UE T PapvTnTo ToVv AcOUaTOC
— 4,2 popéc o€ >24 eMOKEYEIL/ETOC
— 3,5 popéc o 12-24 emokeEyelg/€tog

Chou, J'Sex'Med 2011



ED - COPD

e 29.042 aocBeveic, i60¢ apOnoc popTOPOV
* 1,9 popéc peyaAutepoc Kivouvog yio ZA
e 2VGYETION UE TN PoapdTNNTA TNS VOGOL

— 11,5 popécg o€ >5 eloay®YEC/ETOG

— 5,5 popég o€ >2 emokeyelg/etoc oto TEI

Shen, Medicine 2015



ED - OSAS

* 603 aoBeveic ne YA, 17.182 pe oworoparyeg
vtvov, 35.570 oundoo cUYKpPLoNC

* 9.4 popec peyoAvtepoc Kivouvog yia XA ce XY A

e 3.7 @OPEC LEYAAVTEPOC KIVOUVOC Y1 XA o€
OLOTOPOYES VTTVOL

Chen, Sleep'Medicine 2016



Therapy for OSAS and ED

207 acOevelc pe XY A

2A: 61% oe XY A, 72% o€ cofapo YA
3 unvec Oepamneia ue CPAP

BeAtioon tov IIEF score (18,2 o€ 19,2)

Zhang, Arch Sex'-Behav 2016



PDE-S inhibitors for pulmonary disease

Iewpapatikec peAdétec: BpoyyootasToAn,
eEAOTTOUEVT] TTAYIOELOT] AEPU
[TihoTtikéc perétec: EvOappuvTike:

Meyadhec perétec: Itoyd anoteAéopato e XA]
EULPVOT LA, 1O10TTOOT) TVELUOVIKT] VOGO

Alotopoyn oEPIoUOV/UATMGONG
TADA-PHi1LD tnal

Aoupag) 2016



PULMONARY HYPERTENSION



Endothelin pathway
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INITIAL THERAPY
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Bosentan

' Sitaxsenta Ambrisenta Sildenafil
Rmez(Lx')év = Barst R. Mcrél 2(?06 Galie Nn§2 200% Galie N. NEJM. 2005
Dose 125 mg 100 mg 10 mg 20 mg
Baseline 6MW
Distance (m) 326 360 341 347
Final
6MW Distance 361 385 385 390
(m)
A 6MV\ZrE;stance 78 25 44 43
+ 8% + 7% + 13% + 12%




Comparison of Medical Treatments
for PAH

Cost $ Route Frequency Ease Side Long-term
(annual) of Use MG Randomized
data
Solole]eIIs[e]lM ~100,000 B\ Continuous + +++ No
Treprostinil >175,000 pRleE\VA Continuous ++ +++ No
Inhaled

lloprost SANEHINON |nhaled | 6-9x perday | ++ ++ No
Sildenafil ~15,000 Oral TID +++ + No
Tadalafil ~12,000 Oral Daily +++ + No
Bosentan ~75,000 Oral BID ++++ + No

Ambrisentan &SR0 Oral Once a day ++++ + No
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Prevalence of Concomitant Conditions in
ED Patients

Bl Hypertension
B Dizbetes
Bl cAD
B PAD
I Cardiovascular Disease
Dyslipidemia
15%15% Bl +LDL
. +triglycerides
B Low HDL
B Depression
Bl Smoking
P Obesity
MNone




ED in cardiovascular disease

100
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20

hypertension diabetes heart disease

MMAS study



ED in ACS patients

Montorsi, Eur Urol 2003






Prevalence o

Doumas et al, J
Androl, 2005

Normotensives




Efficacy

100

87 84 84
80 74 7 75
66
. 58
40
20
0

Valiquette, Int'J Clin'Pract'2006



Safety in hypertension

Concerns have been raised
regarding sildenafil use in patients taking
complicated, multidrug, antihypertensive regimens,

where sildenafil could be “potentially hazardous”.

ACG'/"AHA,; JACG'1999



Safety in hypertension

Current available data strongly indicate
that PDE-5 inhibitors may be
effectively and safely
co-administered with all classes of
antihypertensive drugs, even in patients

taking multiple antihypertensive agents.
Doumas, Hypertens Rev 2008



| FDA label:
ramdlcatlons, only precautions

-~ PDE-5 inh: start low dose a-blockers



Efficacy in hypertension
Increased compliance

Before PDE-5 After PDE-5
Adherent
Adherent Non 4 Non
Adherent Adherent

Adherent

McLauglin, AmJ'Ther'2005



ED and death — Protection with PDE-S5 inh
Type 2 diabetes mellitus

.13 NO PDE & INHIBITORS
1 PDE 8 NHBITORS
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FOLLOW-UP (months)
Number at nisk

NO DRUG 73 22 11
DRUG 44 22 9

Gazzarusso'etal. JACC 2008



Data from everyday clinical practice

Doumas et al,

Diuretics B- Ca-antag Ace-inh
blockers




Changel off previeus; therapy. to Jesartan
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Sexual satisfaction Sexual activity



ectile function score —

witch from b=blockers to olol

Doumas et al,
Asian J Androl 2006

p=0.002

————— 17,22

Before After



Patients on
antihypertensive medication

Doumas, Manolis,

. Curr Hypertens 2016

Lifestyle

Continue . .
modification

current
treatment

add PDE-5 Substitute with
unless ARBS or
contra- nebivolol *

*unless contraindicated and/or
current treatment absolutely indicated
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European Society of Hypertension Scientific Newsletter:
Update on Hypertension Management

SEXUAL DY

Athanasios J. @anolis', Michael Doumas

"Cardiology Depty Bpital, Athens, Greece
?Internal Medicine Dept., Aristotle University, Thessaloniki, Greece
?Cardiology Dept., North Estonia Medical Centre, Tallinn, Estonia

*Hypertension and Diabetes Dept., Gdansk Medical University, Poland

Introduction

Previously encountered as an unspoken reality, sexual dysfunction is
now acknowledged as a clinical condition that impairs people’s gener-
al health and well-being and has a major impact on the quality of life
of both patients and their partners [1]. It is thus not surprising that
sexual dysfunction represents a real therapeutic challenge to physicians
of many specialties. Erectile dysfunction has been defined as the persis-
tent inability to attain and/or maintain penile erection sufficient for
sexual intercourse [2]. Female sexual dysfunction is described, in a
more complex way, as a persistent or recurring decrease in sexual
desire or in sexual arousal, the difficulty or the inability to achieve an
orgasm, or the feeling of pain during sexual intercourse, which mirrors
the multifold aspects of women sexuality [3].

Sexual dysfunction and cardiovascular disease:
what is new?

QN IN HYPERTENSION
argus Viigimaa®, Krzysztof Narkiewicz'

2011; 12: No. 32
revised version

USA in 1999) [13]. The disparity of available data reflects the differenc-
es in the study populations with regard to age, selection criteria, and
cultural habits, in combination with the variant and often invalidated
assessment methodologies; yet it highlights that sexual dysfunction is
commonly encountered in the general population and may even repre-
sent a major burden in specific groups of patients.

Sexual dysfunction in_hypertensive patients
Currently considered a disease of vascular origin [14], erectile dysfunc-
tion has been repeatedly found to be higher among hypertensive com-
pared to normotensive subjects (i.e. 45.8% vs. 18.9% in Spain, 35.2%
vs. 14.1% in Greece). Similarly, accumulating evidence shows that hy-
pertensive women exhibit a higher prevalence of sexual dysfunction
compared to normotensives (42.1% vs. 19.4% according to one study
odds ratio 3.2) [15]. Duration and severity of hypertension were posi-
egree of sexual d nction [16]. Obstructive

Doumas, ASH'NY-2012




Working Group
What /1as been done

Hypertensmn and sexual d sfunctlon time to act
Dharalampos Vlachopoulos

Panagiota Anyfant| , Krzysztof Narkiewicz®,

Giuseppe Mancia®, for the European Society of Hypertension

Working Group on Sexual Dysfunction

Journal of Hypertension 2011, 29:403-407

Keywords: antihypertensive drugs, coronary artery disease, erectile
dysfunction, hypertension, PDE-5 inhibitors, prevalence, sexual
dysfunction

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin
receptor blockers; ESH, European Society of Hypertension; PDE,
phosphodiesterase

clinicians dealing with hypertensive patients (hyperten-
ston specialists, cardiologists, internists, nephrologists,
diaberologists, and general practitioners) about the mag-
nitude of the problem, the recognition of sexual dystunc-
tion and its management in hypertensive partients. An
equally important objective i1s to familiarize other
medical specialties managing sexual dystuncrion (urolo-

Doumas, ASH'NY-2012



ESH guidelines 2013

Hypertension and erectile dysfunction

Erecule dystuncton 1s a prevalent condition in hyper-
tensive patients and a predictor of tuture cardiovascular
events. Screening and treatment of erectile dystunction
improves management of cardiovascular risk facrors.
After initiating therapy with phosphodiesterase (PDE)

5 inhibitors, patients are more likely to rake antihyper-
tensive medication and BP control 1s improved [272].
Older antihypertensive drugs (diurertics, B-blockers, cen-
trally acting drugs) exert negartive ettects, whereas newer
drugs have ncutral or beneficial eftects (calcium anta-
gonists, ACE inhibitors, angiotensin recepror antagonists,
nebivolol) [273].

J'Hypertens, 2013



Working Group
on Sexual Dysfunction in Hypertension

“At 2016 >40% and at 2020 >80%
of hypertensive patients in Europe
will be asked about sexual dystunction

and will be adequately managed”

Doumas, ESH 'London 2012



PDE-S inhibito



PDE-5 inhibitors in CVD

IIEF score increase

10 - 10

Sildenafil

Vardenafil

Valiquette L, 2006



Nitrates after PDE-5 inh

« Safe 24h after sildenafil (6 lifetimes). In healthy subjects safe even

after 4h.
Oliver, Int J Impot Res 2002

 Vardenafil: as sildenatil
Bayer-Glaxo 2003

» At least 48h after tadalafil under close medical supervision
Kloner, JACC 2003
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Metabolic needs during sexual intercourse

N
3 | -
m Self or partner
2 - stimulation
woman on top
1
I l I ® man on top
0 ]

Baseline
Foreplay

Bohlen, Arch Intern Med



METs during daily activities

e Female on top 2.5
* Male on top 3.3
» Extra-marital 5-6
* Walking 3.2
e Tennis 6.8
e Gardening 4.4

e Carpentry 5-7



Sexual Activity and
Cardiac Risk Assessment

Princeton Guidelines

Sexual activity deferred
until stabilization of
cardiac condition

Cardiovascular
Indeterminate Risk Assessment and
Restratification

Sexual Clinical
Inquiry Evaluation

Initiate or resume sexual
activity or treatment for
sexual dysfunction




High risk patients
Second Princeton Consensus

@ Unstable angina

@ Recent AMI(<2 weeks)

= Heart failure (NYHA class Ill/IV)

= Malignant arrhythmias

= HOCAM

= Moderate to severe valvular disease
@ Uncontrolled hypertension

Kostis 2005
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ED — CV events — mortality
Meta-analysis

C

Author
Blumentals 2004
Bohm 2010
Gazzaruso 2008
Thompson 2005
Overall

Author

Batty 2010
Bohm 2010
Chung 2011
Gazzaruso 2008
Ponholzer 2010
Thompson 2005
Overall

Author

Araujo 2009
Batty 2010
Bdhm 2010
Hebert 2009
Thompson 2005
Overall

Population
GEN
Cc\VD
DM
GEN

Population
DM
cVvD
GEN
DM
GEN
GEN

Myocardial infarction

RR 95%CI RR (95% CI)

1.99 1.17-3.38
202 113-360

195 0.70-549 : 629%0

1.50 1.20-1.87
1.62 1.34-1.96

RR 95% CI RR (95% CI)

136 1.41-1.67

110 0.64 - 1.90 -
135 1,13-1.61

244 0.91-654 39 /O
188 071-4.99

179 1.15-279

1.39 1.23 - 1.57

95% ClI RR (95% CI)

101-1.57 -
099-1.35

121-280
095-498 250/0
094-158

Viachopoulos, Circ: Cardiov'Qual'Out 2013



ED as predictor of CV events and mortality
General population - 95,038 individuals

No Previous CVD
Events/p-years RR* RR“95% C.0)

Ischaemic Heart Disease
No ED 358/724%6 1.00 1.00
Mild ED 271/40625 1.11 1.08 (0.92-1.27)
Moderate ED 269/24329 1.51 1.37 (1.16-1.63)
Severe ED 227/13622 1.87 1.60(1.31-1.95)
Heart Failure
No ED 4/72999 1.00 1.00

Mild ED 19/40958 591 5.19(1.75-15.4)
Moderate ED 23/24648 7.29 5.37 (1.78-16.2)

Severe ED 46/13861 12.5 8.00 (2.64-24.2)
All-cause mortality

No ED 155/88681 1.00 1.00

Mild ED 165/49820 1.28 1.21(0.97-1.51)
Moderate ED 177/29911 1.40 1.24 (0.98-1.56)
Severe ED 313/16775 2.27 1.93 (1.52-2.44)

0.5

Banks, PLOS ' Med 2013



ED and subsequent CHD
type 2 diabetes mellitus

Predictors of New Onset of CHD Events In 2,306
LE-B<IN Chinese Men With Type 2 Diabetes With
Multivarlate Analysls

Hazard
Ratio

Age 1.02
Duration of diabetes 1.03
Albuminuria
Normoalbuminuria 1.00
Macroalbuminuria 216 1.37-341

Use of antihypertensive 1.58 1.06-2.35
medications

wtrectile dysfunction 1.58 1.08-2.30

Maetal: JACGC 2008
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ED precedes CAD
COBRA trial, 285 pts
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ED and subsequent CVD
general population
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Thompsonetal:JAMA 2005
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Artery size hypothesis

Clinical
Condition

Arterial
size
(mm)

100

Symptom threshold
Vessel (507 obzrucﬁon)

obstruction
(%) 50
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ED and subsequent CVD
general population
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Diagnostic — therapeutic algorithm

A. Patients without established CVYD or diabetes

SCORE /FRS

Exercise ability

Lifestyle advice or intervention
Treatment of RFs

PDESi

if biomarker abnormal and/or hypogonadism

Exercise ability or stress test
Lifestyle intervention

RF drug intervention

PDESi

Tthi

Moderate
SCORE/FRS

Exercise ability or stress test (in
higher scores)

Lifestyle intervention

Consider drug intervention if RF
uncontrolled

PDESi

if biomarker abnormal and/or hypogonadism

Stress test

Lifestyle intervention
RF drug intervention
PDESi

Tthi

Cardiologist referral
Stress test
Lifestyle intervention

RF drug intervention
PDESi

Tthi

Viachopoulos, EurHeart'73'2013



Frequency of sexual activity and CV events

Multivariate Cox proportional hazards modeling estimates and 95% confidence intervals (Cls) for sexual function at baseline and incident cardiovascular

disease

Model

Frequency of sexual desire
Framingham and covariate adjusted*
Weekly or 2-3 times monthly vs =2-3 times weekly
Monthly or less vs =2-3 times weekly
Framingham, covariate, and erectile dysfunction adjusted’
Weekly or 2-3 times monthly vs 2-3 times weekly
Monthly or less vs =2-3 times weekly
Frequency of sexual activity
Framingham and covariate adjusted*
Weekly or 2-3 times monthly vs =2-3 times weekly
Monthly or less vs =2-3 times weekly
Framingham, covariate, and erectile dysfunction adjusted’

Monthly or less vs =2-3 times weekl

HR (95% CI) p Value

Cardiovascular Disease

Measured by Self-Report, Medical Measured by Medical Record or
Record, or NDI NDI

HR (95% CI) p Value

1.05 (0.80-1.37) 0.88 (0.63-1.22)

1.29 (0.85-1.94)
0.82 (0.59-1.15)
1.08 (0.68-1.70)

1.01 (0.72-1.42)
1.54 (1.07-2.22%)

CV risk

1.10 (0.83-1.46)
1.45 (1.04-2.0%)

Hall'etal:, AmJ CGardiol 2010
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