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CVD is a leading cause of death in
both Men and Women
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Cardiovascular Disease Mortality
Trends for Women and Men
United States: 1979-2004
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Rosamond et al. Circulation 2007;115;e69-e171, Source: NCHS and NHLBI
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Sex versus Gender

Sex Gender

* Biological * Behavioural,

e Given by Birth psychological,
emotional and cultural
* Therefore, CANNOT BE traits associated with

CHANGED one’e sox

* Learned through
socialization

 Therefore, CAN BE
CHANGED




Sex differences, rooted in genetic differences, modifies disease

via genetic, hormonal and epigenetics

In women, X
chromosomes carry
both maternal and
paternal imprint

A
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B

Random X chromosome
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XY chromosome
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Epigenetic programming of male cells

Mauvais-Jarvis F et al. Lancet 2020

In men, X
chromosome
carries only the
maternal imprint




Inter-relation between sex and
gender

Society

Biological sex Gender constructs

Sex chromosomes
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effects
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Perceived stress

Smoking
Behaviour of
patients and doctors
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Disease
Pathophysiology

Disease perception
Help-seeking behaviour
Use of health care

Manifestation
Response to treatment Decision making

Therapeutic response

Sex and gender differences
in health, disease, and medicine

Mauvais-Jarvis F et al. Lancet 2020
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Sex and Gender differences in
CVD and DM

Female Sex Gender Differences,
women

Heart Disease Younger age; more Older age, more Less evidence based
obstructive CAD, coronary micro- treatment, higher Ml
more HFrEF vascular mortality

dysfunction, more

HFpEF
Ischaemic Younger age of Older age onset, Untreated, poorer
Strokes onset aspirin greater outcome

benefit

Type 2 DM More frequent More frequent Under-treatment of
Impaired fasting IGTT, greater T2DM in women
glycaemia clustering of CV

risk factors, higher
prevalence of CV
complications

rMauvais-Jarvis F et al. Lancet 2020




Diabetes confers a greater risk for CVD events in
women than men

10-fold 1
B Men
11 Women |
8-fold
~ 6-fold
w3
2
2
=
L]
B 4-fold
2-fold - e
0 T : :
All CYD Coronary Heart Failure Intermittent Stroke
Heart Disease Claudication

Figure 2. Relative risk of cardiovascular events in people with diabetes. Except for stroke, the relative risk
of cardiovascular disease (CVD) associated with diabetes is greater for women than for men. The dashed
line represents a relative risk of 1 (ie, the relative risk expected of a control group). Adapted from Wilson
and Kannel® (1992), with permission.

Barrett-Connor et al. Arch Int Med. 2004;164:934-942




AHA Scientific Statement

Sex Differences in the Cardiovascular
Consequences of Diabetes Mellitus
A Scientific Statement From the American Heart Association

Judith G. Regensteiner, PhD, FAHA, Co-Chair; Sherita Golden, MD, MHS, FAHA, Co-Chair,;
Amy G. Huebschmann, MD, MSc; Elizabeth Barrett-Connor, MD, FAHA;
Alice Y. Chang, MD, MS8c; Deborah Chyun, PhD, RN, FAHA; Caroline §. Fox,* MD, FAHA;

Catherine Kim, MD, MPH; Nehal Mehta, MD, MSCE; Jane F. Reckelhoff, PhDd, FAHA;

Jane E.B. Reusch, MD; Kathryn M. Rexrode, MD, MPH; Anne E. Sumner, MD, FAHA;
Francine K. Welty, MD, FAHA; Nanette K. Wenger, MD, FAHA; Blair Anton, MLIS, MS, AHIP;
on behalf of the American Heart Association Diabetes Committee of the Council on Lifestyle and

Cardiometabolic Health, Council on Epidemiology and Prevention, Council on Functional Genomics
and Translational Biology, and Council on Hypertension

Regensteiner JG et al. Circulation 2015; 132: 2424-2447




Striking sex and gender disparities in
CV Consequences of Diabetes
Mellitus

Diabetes CV
Mellitus A Complications

Sex differences
« Impact of sex hormones
 CV risk factors
« Gestational diabetes, PCOS
 Lifestyle
 Treatment




Although non-T2DM women have
fewer Ml events than non-T2DM men
of the same age, this advantage is lost

In the context of T2DM

Previous meta-analysis have shown sex
specific association with Ml risk but needed
adjustment for confounders

Eldoren sccess - Sex differences in risk factors for myocardial infarction: cohort
study of UK Biobank participants

Lhack f dat . - 5
. ElaShecklorieds = ElizabethRC Millett,” Sanne A E Peters,™ Mark Woodward ***

"The George Institute for Global ABSTRACT CONCLUSIONS

Health, University of Oxford, OBJECTIVES Although the incidence of Ml was higher in men than
Ljﬁ't'm é"‘lil‘ '?L‘Jr }'ﬁ;"h To investigate sex differences in risk factors for in women, several risk factors were mare strongly
Sciences and Priary Care, incident myocardial infarction (MI) and whether they associated with Ml in women compared with men.
University Medical Center vary with age. Sex specific associations between risk factors and MI

Millet ER et al. BMJ 2018




Diabetes mellitus was associated with greater risk for
Incident Ml in Women

Risk factor Ratio of HR Ratio of HR
(95% CI) (95%CI)

Blood pressure
Systolic per 20 mm Hg 1.09(1.02t0 1.16)
Diastolic per 10 mm Hg 1.01(0.95 to 1.08)
Hypertension
Elevated blood pressure vno hypertension 1.83(1.331t0 2.52)
Stage 1 hypertension vno hypertension 1.45(1.12t0 1.88)
Stage 2 hypertension vno hypertension 1.47(1.13t0 1.93)
Smoking
Former vnever 1.05(0.91 to 1.20)
Current vnever 1.55(1.32t0 1.83)
By smoking intensity
1-9 cigarettes per day vnever 1.23(0.80to 1.90)
10-19 cigarettes per day vnever 1.42(1.11t0 1.83)
>20 cigarettes per day vnever 2.01(1.57 to 2.57)

Diabetes 2.91(1.56 to 5.45) HR 2.91 (TlDM)

Type 1 vno diabetes

Type 2 vno diabetes 1.47 (116 10 1.87) HR 1.47 (TZDM)

Body mass index per 5 kg/m? 0.97(0.91 to 1.03)

Overweight vhealthy weight 0.89(0.76 to 1.03)

Obese vhealthy weight 0.93(0.79t0 1.09)
Atrial fibrillation

History of atrial fibrillation v no history 1.14(0.62 to 2.09)
Socioeconomic status

Middle vhigh —— 1.13(0.98t0 1.31)

Low vhigh —— 1.14(0.97 to 1.34)

0.5 1 4 8

Higher HR Higher HR
for men forwomen

Elizabeth R C Millett et al. BMJ 2018;363:bmj.k4247




Ritter et al. Biology of Sex Oifferences (2020) 11:1

https:/fdoiorg/10.1186/513293-019-0277-2 Biglgg}f of Sex Differences
Sex differences in the risk of vascular 3)

updates

disease associated with diabetes

Rianneke de r{itter_'-‘“, Marit de Jong®T, Rimke C. Vos™®, Carla J. H. van der Kallen'-, Simone J. S. Sep'~,
Mark Woodward™™’, Coen D. A. Stehouwer ', Michiel L Bots® and Sanne A E. Peters™

Metabolic risk factors in
women has to deteriorate
to a GREATER
magnitude to develop
diabetes

DIABETES
DIAGNOSIS
R wi)MEN
? @®
iABETES
Pre-diabetes DiACNOSIS
Am. MEN

period: 8.5 yrs
in Men and 10.3
years in women

Sex differences in visceral and subcutaneous fat and their association with the time of diagnosis of diabetes

Ritter et al 2020; Bertram MY et al 2010




differences in adiposity in association with diabetes and cardiovascular disease; women versus men

Normal I Women have a longer duration of development of type 2 diabetes than men I Diagnosis | Women have higher levels of BMI
glucose of type 2} and possibly other cardiovascular
metabalism [ diabetes | risk factors than men

LA
-”

Wome;'n have
a greater deterioration
of cardiovascular risk
factors than men

--..'-.---I.III-II-.III--.----
w
-
L]

Y
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metabolism doipl 2t ) ool g | diabetes| |
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likely than men gain more weight stronger association
to store fat than men to I of abdominal visceral
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levels of abdominal 1 1
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Women possibly have more
adverse cardiometabolic

consequences of abdominal
fat than men

Time

Ritter et al 2020




CV risk factors (BP, smoking) was associated with greater
Ml risk in Women

Risk factor Ratio of HR Ratio of HR
(95% CI) (95% CI)

Blood pressure
Systolic per 20 mm Hg - 1.09(1.02t0 1.16)
Diastolic per 10 mm Hg - 1.01(0.95 to 1.08)
meHyportepoiONmm -—— -—— - - - - - - - - - . - -
I Elevated blood pressure vno hypertension 1.83(1.33t0 2.52)
Stage 1 hypertension vno hypertension 1.45(1.12t0 1.88)

I Stage 2 hypertension vno hypertension 1.47(1.13t0 1.93)

I Smoking
Former vnever 1.05(0.91 to 1.20)
Current vnever 1.55(1.32t0 1.83)
I By smoking intensity
1-9 cigarettes per day vnever 1.23(0.80 to 1.90)
10-19 cigarettes per day vnever 1.42(1.11t0 1.83)
>20 cigarettes per day vnever 2.01(1.57t0 2.57)
"DidBEte™ == == = == = - —— = -
Type 1 vno diabetes 2.91(1.56 to 5.45)
Type 2 vno diabetes 1.47(1.16 t0 1.87)
Body mass index
Body mass index per 5 kg/m? 0.97(0.91t0 1.03)
Overweight vhealthy weight 0.89(0.76 to 1.03)
Obese vhealthy weight 0.93(0.79 to 1.09)
Atrial fibrillation
History of atrial fibrillation vno history 1.14(0.62 to 2.09)
Socioeconomic status
Middle vhigh = 1.13(0.98t0 1.31)
Low vhigh —=— 1.14(0.97 to 1.34)

0.5 1 4 8

Higher HR Higher HR
for men forwomen

Elizabeth R C Millett et al. BMJ 2018;363:bmj.k4247




CV complication of T2DM in Women:
Disparities in uptake and provision of healthcare

Potential disparities in the uptake and provision of health care; women versus me

Men

Women

A 4

Women may have more inadequate
risk factor screening than men
[}

Normal glucose |

Exposure to risk |
tolerance

factors

Diagnosis

Women may have a longe
diagnostic delay than men

Women may be more likely to not receive
adequate interventions than men

Women may be more likely to be
non-adherent than men

of

Annual screening
(vascular) complications

! }

No cardiovascular Cardiovascular |
complications complications

Higher relative
risk in women

A 4 A 4
Start primary Start secondary
prevention prevention
A 4 A 4
Lifestyle and Pharmacological

education interventions

Ritter et al 2020




Sex and Gender differences in
CVD and DM

Gender Differences,
women

Heart Disease Younger age; more  Older age, more Less evidence based
obstructive CAD, coronary micro- treatment, higher Ml

more HFrEF vascular mortality

Ischaemic Younger age of Untreated, poorer
Strokes onset aspirin greater outcome
benefit
Type 2 DM More frequent More frequent Under-treatment of
Impaired fasting IGTT, greater T2DM in women
glycaemia clustering of CV

risk factors, higher
prevalence of CV
complications

rMauvais-Jarvis F et al. Lancet 2020




HFreduced EF versus HFpreserved EF

Male
Smoking ¥
* Obesity
|

Hyperlipidemia 4y

Ivabradine HFrEF F— ARNI HFpEF

ACEV/ARB T MRA No therapeutics are available
B-blocker

Myocardial
nfarction ’

4@ Hypertension




Influence of co-morbidities in women on HFpEF

&

Diabetes
5-fold higher risk of HF in A
diabetic women compared to
2.4-fold in men &@
Insulin resistance drives \-/
Iron deficiency dRasione cyelunchion Obesity
More common in women Contributes to systemic Greater prevalance in
than men globally, and in HF \ inflammation ) women
Affects immune function and Increases LV mass and wall
cell metabolism thickness
Contributes to oxidative stress Exacerbates metabolic
inefficiency

Contributes to systemic
inflammation

- 4

Hypertension

Greater prevalence in women
with HF, greater augmentation
index in women Autoimmune disease

Significantly higher rates of
autoimmmune diseases in
women, who represent >80%
of multiple autoimmune
disease cases

LV hypertrophy with concentric
remodeling

Abnormal strain indices

Enhances altered wave Preeclampsia

reflection Frequently manifests with

Exclusively affects women diastolic dysfunction

Contributes to systemic
inflammation

Causes endothelial dysfunction ] .
Causes LV remodeling with

Contributes to systemic diastolic dysfunction \_ 7,
inflammation i i
\_ J Shared biomarkers with
HFpEF

Associated with inflammatory
response
NS =7

Fiaure 2. The influence of comorbidities on the develooment of HFpEF in women. Comorbidities includina iror

Beale et al Circulation 2018
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drugs: a position document of the Working Group
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Drug Administration

PHARMACODYNAMICS
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Gender differences in Pharmacokinetics

+ Drug administration +
Absorption 2 Distribution
Enteric transport * Intravascular space
Enteric metabolism . Extravascular space

Metabolism Protein binding

Hepatic influx transport
Phase | metabolism
Phase || metabolism

v

Intestinal excretion

Renal excretion
Efflux transport

Billary excretion
Efflux transport

Absorption:
® Slower Gl motility and transit time
® |[ower gastric acid secretion
® [ ess drug enzymes and transporters -
@ Lower absorption rates ?:; SHEYmEe 'Ian:;c;lne AcuviLy
Body composition: 2AB W > M
® [ower BW, organ size and blood flow
Distribution: 2B6 Wa>M
. 2C9 M=W

® Greater body fat and lower body water content (Higher 2C19 M=W

Vd for lipophilic drugs, Lower Vd for water-soluble drugs)
® Less al-acid glycoprotein 22 Mosdys

- 3A4 Mostly W > M

® Lower cardiac output
Excretion: UDP-glucuronosyltransferases M=>W
® Lower renal blood flow, glomerular filtration rate (GFR), (UGTs)

tubular secretion and reabsorption Sulfotransferases M>W
@ Slower clearance of renally excreted drugs N-acetyltransferases M<W
® Longer elimination half-life Methyltransferases M > W
Other Factors:

® Differences in BW, cardiac output, plasma volume and




Gender differences in Pharmacokinetics

* Drug administration *
Absorption i Distribution
Enteric transport * Intravascular space
Enteric metabolism . . A Extravascular space

Metabolism Protein binding

Hepatic influx transport
Phase | metabolism
Phase || metabolism

v

Billary excretion Intestinal excretion Renal excretion
Efflux transport Efflux transport

Absorption:
® Slower Gl motility and transit time
® Lower gastric acid secretion

® Less drug enzymes and transporters -

@ Lower absorption rates ?:; SHEyme En:we pERvLY.
Body composition: 2A6 W>M

® |Lower BW, organ size and blood flow >B6 W > M
Distribution: 2C9 M =W

® (Greater body fat and lower body water content (Higher

Vd for lipophilic drugs, Lower Vd for water-soluble drugs)
® Less al-acid glycoprotein
® Lower cardiac output

Excretion:
® Lower renal blood flow, glomerular filtration rate (GFR), (UGTs)

tubular secretion and reabsorption Sulfotransferases M>W
@ Slower clearance of renally excreted drugs N-acetyltransferases M<W
® Longer elimination half-life Methyltransferases M > W
Other Factors:

® Differences in BW, cardiac output, plasma volume and
regional blood flow




medical Z
é sciences m"’l‘
Article
Metoprolol Dose Equivalence in Adult Men and
Women Based on Gender Differences:

Pharmacokinetic Modeling and Simulations

Andy R. Eugene

Division of Clinical Pharmacology, Department of Molecular Pharmacology and Experimental Therapeutics,
Gonda 19, Mayo Clinic, 200 First Street SW, Rochester, MN 55905, USA; eugene.andy@mayo.edu;
Tel.: +1-507-284-2790

Eugene AR. Med Sci 2016




Table 1. One-compartment pharmacokinetic parameters for R- and S-metoprolol for voung men

and women.

ation (np'mil)

S5-Metoprolol R-Metoprolol

Female Male Female Male

V (L): Volume of distribution 349 5R.3 38.1 (3.9

CL (L/h): Clearance Rate 101 253

a : Absorption rate constan 16 : : .
Tlag (h): Absorption lag time 0.35 0.67 0.39 0.59
Gender Female Gender Maie
%01 (a) . . :: petie %01 (b)
patie out
P80
P.1 50% -
P.110% =entl
B A out =
E
g
£ "
=
:
3
Female 2 Male
S
-}

ol l i4~&_4_ _—r

-3 .+ 25

Time (houss) :SEugene AR. Med SCi 2016 e v,




Drug Administration
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PD Differences less studied and difficult to quantify
Mainly retrospective analysis of clinical trials that have revealed gender differences




Gender differences un
pharmacodynamics

* Difficult to quantify as it is little studied

* Sex-based biology and medical research has not
been a priority

* Pre-clinical research and drug development studies
have predominantly used male animal models and
cells

* Historically, women of child bearing had been
excluded from trials
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Under-representation of
women in clinical trials

504

A0

304

Women, %

204

104

Women

1966-1970

Lee et al. JAMA. 2001,;286:708-713

[ Proportion of All Patients With Ml in the United States

B Froportion Enrolled in RCTs of M|
O Proportion Enrolled in US RCTs of M

1971-1880 19581-1990 1991 -1945
Trial Periods

1996-2000




Drug safety’s Blind Spot: Gender Differences

US General Accounting Office 2001 Report..
Most drugs withdrawn had greater health risks in
Women’

Ebe New York Eimes

The truth is essential.
Ehe Nework Times
:
Blind spot
Take care

G.A.O. Report Finds Women Are Hurt
by Withdrawn Drugs

By The Associated Press

f v m »




Gender differences in Adverse drug reactions

e ADRs tends to more common and more severe
(requiring hospitalizations) in women

* Causes
» Greater use of drugs (polypharmacy)
* Gender differences in pharmacokinetics

* Risk of drug-induced torsade des despointes

 Women have longer QTc and are an independent risk factor for
TdP

» Sex-related differences in drug-induced QT prolongation
hormones

Ventricular Tachycardia Torsade de Pointes - EKG Reference
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Participation of Women in )
Clinical Trials Supporting
FDA Approval of Cardiovascular Drugs

Pamela E. Scott, P«D, MA," Ellis F. Unger, MD,"” Marjorie R. Jenkins, MD, MEoHP,” Mary Ross Southworth, PuassD,”
Tzu-Yun McDowell, PuD,” Ruth J. Geller, MHS," Merina Elahi, BS,” Robert J. Temple, MD," Janet Woodcock, MDY

Percentage of women among trial participants (%)

PPR =

Percentage of women among disease population

PPR =1; gender composition approximates disease population
PPR <0.8, women under-represented

PPR > 1.2, women over-represented




CENTRAL ILLUSTRATION: Participation of Women of CVD Clinical Trial:
Prevalence-Corrected Estimate

Acute Coronary Syndrome 0.6

Atrial Fibrillation 0.8

Atrial Fibrillation® 11

oronary Artery Syndrome

Heart Failure

0.5
Heart Failuret 0.6

Hypertension 0.9

1 1 1 L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Participation to Prevalence Ratio (PPR)

Scott, P.E. et al. J Am Coll Cardiol. 2018;71(18):1960-9.




Gender differences in common CV
drugs

* Aspirin
* Digoxin
* Beta-blockers

e RAAS blockers
* ARNIs




* DIFFERENT RESPONSE TO ASPIRIN
Efficacy

Aspirin for the Primary Prevention of B
: : erger JS, et al. JAMA.
Cardiovascular Events in Women and Men 2006:295(3)-306-313
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Efficacy and safety of LDL-lowering therapy among men @J‘k‘(l)
and women: meta-analysis of individual data from
174000 participants in 27 randomised trial

ChelestrolTregtment Trehts'(CTT) Coloboration”

In secondary prevention trials, statins reduce
risk of CV events similarly in men and women

Events (% per annum)

Statin or more

Control or
less intensive

RR (CI) per 1 mmol/L
reduction in LDL cholesterol

intensive
Major coronary events
Men 4148 (1-6%)
Women 1082 (1-2%)
Subtotal 5230 (1-5%)

5406 (2-1%)
1259 (1-3%) -
6665 (1-9%)

Adjusted heterogeneity test* x’=2.76 (p=0-10)

Coronary revascularisation

Men
Women
Subtotal

4547 (1:7%)
922 (1-0%)
5469 (1-5%)

5773 (23%)
1137 (1-2%)
6910 (2-0%)

Adjusted heterogeneity test* y’=2-07 (p=0-15)

Stroke
Men
Women
Subtotal

1747(0-7%)
667 (0-7%)
2414 (0-7%)

Adjusted heterogeneity test* x°=1-02 (p=0-31)

—&99%Cl

<> 9s5%

2060 (0-8%) —a—
B . e
739 (0-8%) :
2799 (0-8%) <>
I |
0-50 0-75 1-00
‘_

Statin or more
intensive hetter

CTT etal. Lancet 2015 3851397-1405DOI: (10.1016/S0140-6736(14)61368-4)

1
1.25

—>

Control or less
intensive better

074 (0-70-0-78)
0-83 (0-74-0-93)
0-76 (0-73-0-79)

0-75(0-71-0-80)
0-76 (0-66-0-87)
0-76 (0-73-0-78)

0-83 (0-76-0-90)
0-90(0.78-1-04)
0-85 (0-80-0-89)




Women have more statin associated ADRs

* Possible
explanations

e Lower
metabolism

* lower BMI

* Lower plasma
volume

* reduced muscle
mass




DIG Post-hoc: Sex Differences

e ——————————
o 7 adjusted HR for

2.81
2.6 + tomen death of

241 O Men
- 1.23 for women vs

2.04 pbo

:: 0.93 for men vs pbo

1.4
1.2°
1.0
0.87
0.61
047
0.2°
0.0 Ty ————— Y

tlT]

Hazard Ratio (Digoxin vs Placebo)

Rathore S et al., New Engl J Med 2002

? Supra-therapeutic plasma levels due
Reduced Vd
Slower renal clearance

Serum Digoxin Concentration (ng/ml)




Effect of gge-e

in patieRts with heart failure with reduced ejection fraction:
individual patrestdata meta-analysis

Dipalr: Knter:lj a, Lyig Man zaﬁnrﬂﬁ' Henry Krum,? :Sil.l%E ppe HcI-IE.ana,"-‘I’ Jane IHc-lmP;s, 6

No Gender Differences
Hospital admission for heart failure

Women: P, 001 Men:- P<0.001
APR=5_1%, NNMT=20 APR=5_39%, MNT=1%

Propo rtlon with ovent

Mumbers at risk Years
Placebo/male

5111 2835 £ 221
Placebo/female

1580 P IO 233 Fe
B blocker/male

SA09HE 213 o222 44
B blocker/female

15659 10437 13& 124

Dipak Kotecha et al. BMJ 2016;353:bmj.i1855




Lnng-term ACE-inhibitor thempy in patlents with heart failure ¢

individual patients

Marcus D Flather, Salim Yusuf, Lars Keber, Marc Pleffer, Alistair Hall, Gordon Murray, Christian Torp-Pedersen,
Stephen Ball, Janice Pogue, Lemuel Moyé, Eugene Braunwald, for the ACE-Inhibitor Myocardial infarction Coliaborative

Group .
No Gender Differences

Number of 0dds ratio (95%
Subgroup patients Deaths an

0Odds ratio (95%

Death/CHF/MI cn

0-79 (0-72-0-87) 0-71 (0-65-0-77)

0-85(0-71-1-02) 0-79 (0-67-0-93)




? Optimal dosing of ACEi and BBs

 ® ldentifying optimal doses of heart failbre medications in
~men compared with womep. aproSpective, observational,
cohort study

Bernadet T Santerma, Wouter Ovwerkerk, Jasper Tromp, [ziah E Sama, Alice Ravera, Vera Regitz-Zagrosek, Hans Hillege, Nitesh | Samani,
Faiez Zannad, Kenneth Dickstein, Chim € Lang, John G Cleland, fozine M Ter Maaten, Marco Metra, Stefan D Anker, Pirm van der Harst, Leong L Ng,
Peter van der Meer, Dirk [ van Veldhuisen, Sven Meyer, Carolyn 5 P Lam on behalf of the ASIAN-HF investigators®, Adriaan A Voors

The Lancet 2019 3941254
1263DOI: (10.1016/S0140-
6736(19)31792-1)




HFreduced EF versus HFpreserved EF

Male
Smoking ¥
* Obesity
|

Hyperlipidemia 4y

Ivabradine HFrEF F— ARNI HFpEF

ACEV/ARB T MRA No therapeutics are available
B-blocker

Myocardial
nfarction ’

4@ Hypertension




PARAGONHFF

Efficacy and Safety of LCZ696 Compared to Valsartan,
on Morbidity and Mortality in Heart Failure Patients With
Preserved Ejection Fraction

Inclusion Criteria
Age>50 years

LVEF=45%
Elevated natriuretic peptides

n=4,822

Symptomatic HF, NYHA class II-IV

Structural heart disease on echocardiogram

Sequential Single-Blind Run-In Periods

r

l

Sacubitril/Valsartan at
_— Target Dose
(e=

Valsartan at
Target Dose

Median Follow-up 35 months

N4 Ll

Primary Endpoint Secondary Endpoints*

T

Potential Subgroup

Modest 13% | in CV Death or Improved Health-Related

Total HF Hospitalizations Quality of Life

Non-Significant P=0.058 Improved NYHA Class

Driven by Effects on HF 50% | Renal Events

Hospitalization No Effect on Death
Consistent Sensitivity

with Benefit

ange of LVEF




PARAGON HFpE
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Primary Composite Qutcome
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P for interaction
=0.0168

0-group analysis

Total Hospitalizations for HF

Cumulative hazard estimate

P for interacton
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_______ Men: Valsartan ======= Women: Valsartan

Men: Sacubitril-valsartan

Women: Sacubitril-valsartan
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Men: Sacubitril-valsartan Women: Sacubitril-valsaran

McMurray J et al. Circulation 2020




JACE- HEARBT FAILURE woL, P, M, 5, 2014
20719 BY THE AMERICAN COLLEGE OF CARDIOLGGY FOUMDATIOK
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Sex Differences in Outcomes and )
Responses to Spironolactone in Heart -
Failure With Preserved Ejection Fraction

A Secondary Analysis of TOPCAT Trial

Miranda Merrill, MD," Nancy K. Sweitzer, MD.” JoAnn Lindenfeld, MD," David P. Kao, MD"

Exploratory, post-hoc and non-pre-specified




CVM + HFH
Women
Men

CVM
Women

Non-CVH
Women
Men

Spironolactone better
<

Placebo better

Events

> At Risk

Spironolactone Placebo I:Jinteractir:m

111/442 (25.1%) 130/440 (29.5%)
131/444 (29.5%) 150/441 (34.0%)

0.84

40/442 (9.0%)  58/440 (13.2%)
56/444 (12.6%) 69/441 (15.6%)

87/442 (19.7%) 102/440 (23.2%)

70/442 (15.8%) 98/440 (22.3%)

112/444 (25.2%) 107/441 (24.3%)

23/442 (5.2%)  25/440 (5.7%)

44/444 (9.9%) 31/441 (7.0%)

161/442 (36.4%) 173/440 (39.3%)
181/444 (40.8%) 175/441 (39.7%)

185/442 (41.9%) 186/440 (42.3%)

199/444 (44.8%) 191/441 (43.3%)




Diabetes Care Volume 41, September 2018

@ b=y
Sex and BMI Alter the Benefits and o ¥ e’ william £ bientey.”

Michael N Wesdan,” Mike Lonergan,”

Risks of Sulfonylureas and e

s & 7 s W i — E siran &7
Thiazolidinediones in Type 2 Sotim Janmabamed” Rury & emer”
Diabetes: A Framework for Andrew T. Hmttersiey.™ on behalf of the

MASTEAMINDG Congartivm®

Ewaluating Stratification Using
Routine Clinical and Individual
Trial Data

Dighetes Core 2015:41:1844-1553 | bripsAfdoi org/ 10 2337 /e 18-0344
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Striking sex and gender disparities in

CVvD
Epidemiology Pathophysiology
* Risk factor profile
Clinical Manifestation .
. Disease
* Presentation .
. Testing Progression
and Outcome
Treatment
 Efficacy

e Side effects
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todo
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Participation of Women in )
Clinical Trials Supporting
FDA Approval of Cardiovascular Drugs

Pamela E. Scott, P«D, MA," Ellis F. Unger, MD,"” Marjorie R. Jenkins, MD, MEoHP,” Mary Ross Southworth, PuassD,”
Tzu-Yun McDowell, PuD,” Ruth J. Geller, MHS," Merina Elahi, BS,” Robert J. Temple, MD," Janet Woodcock, MDY

Percentage of women among trial participants (%)

PPR =

Percentage of women among disease population

PPR =1; gender composition approximates disease population
PPR <0.8, women under-represented

PPR > 1.2, women over-represented




CENTRAL ILLUSTRATION: Participation of Women of CVD Clinical Trial:
Prevalence-Corrected Estimate

Acute Coronary Syndrome 0.6

Atrial Fibrillation 0.8

Atrial Fibrillation® 11

oronary Artery Syndrome

Heart Failure

0.5
Heart Failuret 0.6

Hypertension 0.9

1 1 1 L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Participation to Prevalence Ratio (PPR)

Scott, P.E. et al. J Am Coll Cardiol. 2018;71(18):1960-9.




Mumber of articles publishad
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Adverse Drug Reactions to
Guideline-Recommended
Heart Failure Drugs in Women

A Systematic Review of the Literature

Sophie H. Bots, MSc,” Floor Groepenhoff, MD,” Anouk L.M. Eikendal, MD, PuD,” Cara Tannenbaum, MD, MSc,”
Faula A. Rochon, MD, MPH,”* Vera Regitz-Zagrosek, PuD,"* Virginia M. Miller, PuD,"” Danielle Day, PuD,’
Folkert W. Asselbergs, MD, PuD,-* Hester M. den Ruijter, PuD”

1
2000-2010

Time period

Persistent Lack of sex-
specific ADR data

12%

[}
20102018

Sophie Bots et al JACC HF 2019




Medical education

Medical research

Physiology

Clinical trials

standardisation Pathology

Basic research consensus Pharmacokinetics

Pharmaceutical industry Pharmacodynamics

and drug discovery

Sex and gender
equity in the
biomedical
enterprise

Sex and Gender
Health Education
Summits

Bioengineering

Journal editors

Clinical practice

Practice guidelines

Norms from reference populations

Mauvais-Jarvis F et al. Lancet 2020




More work to be done

* Medical Education
* Sex and Gender Health Education Summit (chin et al 2016

* Research

* Inclusion in International guidelines

* International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human use

* All phases of drug development
* Discovery phase/ Pre-clinical
* Proof principle studies: Block randomisation by gender

* If warranted, then to inform Phase 3 trials that adequately
powered studies to address sex-specific endpoints

* Clinical Practice
e Sex-based clinical practice recommendations
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