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CVD is a leading cause of death in 
both Men and Women



Rosamond et al. Circulation 2007;115;e69-e171, Source: NCHS and NHLBI

Cardiovascular Disease Mortality 

Trends  for Women and Men

United States: 1979-2004
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Sex versus Gender

Sex
• Biological

• Given by Birth

• Therefore, CANNOT BE 
CHANGED

Gender
• Behavioural, 

psychological, 
emotional and cultural 
traits associated with 
one’s sex 

• Learned through 
socialization

• Therefore, CAN BE 
CHANGED



Figure 1 
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Mauvais-Jarvis F et al. Lancet 2020

Sex differences, rooted in genetic differences, modifies disease 
via genetic, hormonal and epigenetics

In men, X 

chromosome 

carries only the 

maternal imprint

In women, X 

chromosomes carry 

both maternal and 

paternal imprint



Figure 2 
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Inter-relation between sex and 
gender 
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Sex and Gender differences in 
CVD and DM

Male Sex Female Sex Gender Differences, 
women

Heart Disease Younger age; more 
obstructive CAD, 
more HFrEF

Older age, more 
coronary micro-
vascular 
dysfunction, more 
HFpEF

Less evidence based 
treatment, higher MI 
mortality 

Ischaemic
Strokes

Younger age of 
onset

Older age onset, 
aspirin greater 
benefit

Untreated, poorer 
outcome

Type 2 DM More frequent 
Impaired fasting 
glycaemia

More frequent 
IGTT, greater 
clustering of CV 
risk factors, higher 
prevalence of CV 
complications

Under-treatment of 
T2DM in women

TMauvais-Jarvis F et al. Lancet 2020



Diabetes

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

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



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



Striking sex and gender disparities in 
CV Consequences of Diabetes 

Mellitus 

Sex differences

• Impact of sex hormones

• CV risk factors

• Gestational diabetes, PCOS

• Lifestyle

• Treatment

Diabetes 

Mellitus

CV 

Complications



Although non-T2DM women have 

fewer MI events than  non-T2DM men 

of the same age, this advantage is lost 

in the context of T2DM

Millet ER et al. BMJ 2018

Previous meta-analysis have shown sex 

specific association with MI risk but needed 

adjustment for confounders



Diabetes mellitus was associated with greater risk for 

incident MI in Women

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

HR 2.91 (T1DM)

HR 1.47 (T2DM)



Metabolic risk factors in 

women has to deteriorate 

to a GREATER 

magnitude to develop 

diabetes

Pre-diabetes 

period: 8.5 yrs 

in Men and 10.3 

years in women

Ritter et al 2020; Bertram MY et al 2010



Ritter et al 2020



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

MI risk in Women

UK Biobank

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



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

Ritter et al 2020



Sex and Gender differences in 
CVD and DM

Male Sex Female Sex Gender Differences, 
women

Heart Disease Younger age; more 
obstructive CAD, 
more HFrEF

Older age, more 
coronary micro-
vascular 
dysfunction, 
more HFpEF

Less evidence based 
treatment, higher MI 
mortality 

Ischaemic
Strokes

Younger age of 
onset

Older age onset, 
aspirin greater 
benefit

Untreated, poorer 
outcome

Type 2 DM More frequent 
Impaired fasting 
glycaemia

More frequent 
IGTT, greater 
clustering of CV 
risk factors, higher 
prevalence of CV 
complications

Under-treatment of 
T2DM in women

TMauvais-Jarvis F et al. Lancet 2020



HFreduced EF versus HFpreserved EF



Influence of co-morbidities in women on HFpEF 

Beale et al Circulation 2018



Beale et al Circulation 2018
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Gender differences in Pharmacokinetics



Gender differences in Pharmacokinetics



Eugene AR. Med Sci 2016



Female Male

Eugene AR. Med Sci 2016



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



Recommendations and legislation of inclusion of 
women in clinical research



Recommendations and legislation of inclusion of 
women in clinical research



Recommendations and legislation of inclusion of 
women in clinical research



Under-representation of 
women in clinical trials

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



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

Drug safety’s Blind Spot: Gender Differences 



Gender differences in Adverse drug reactions

• 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 



Recommendations and legislation of inclusion of 
women in clinical research



PPR =1; gender composition approximates disease population

PPR <0.8, women under-represented

PPR > 1.2, women over-represented





Gender differences in common CV  
drugs
• Aspirin

• Digoxin

• Beta-blockers

• RAAS blockers
• ARNIs



Berger JS et al. JAMA 2006; 295: 306-13

Berger JS, et al. JAMA. 

2006;295(3):306–313.



Figure 3 

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

In secondary prevention trials, statins reduce 

risk of CV events similarly in men and women



Women have more statin associated ADRs

• Possible 

explanations

• Lower 

metabolism

• lower BMI 

• Lower plasma 

volume

• reduced muscle 

mass



? Supra-therapeutic plasma levels due 

• Reduced Vd

• Slower renal clearance



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

No Gender Differences



No Gender Differences



Figure 1 

The Lancet 2019 3941254-

1263DOI: (10.1016/S0140-

6736(19)31792-1) 

? Optimal dosing of ACEi and BBs



HFreduced EF versus HFpreserved EF





PARAGON HFpEF: Women versus Men 
pre-specified sub-group  analysis

McMurray J et al. Circulation 2020



Exploratory, post-hoc and non-pre-specified





Sulfonylureas TZDs
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PPR =1; gender composition approximates disease population

PPR <0.8, women under-represented

PPR > 1.2, women over-represented





Sophie Bots et al JACC HF 2019

Persistent Lack of sex-

specific ADR data 



Figure 5 

The Lancet 2020 396565-582DOI: (10.1016/S0140-6736(20)31561-0) 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
• Sex-based clinical practice recommendations



Thank you


