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Introduction
Cardiovascular diseases represent the major cause of mortality in
women and in men.1,2 However, gender differences in the clinical
presentation of cardiovascular diseases have been demonstrated3

and some therapeutic options may not be equally effective and
safe in men and women.4 Furthermore, gender differences in phar-
macokinetics and pharmacodynamics may contribute to a different
response to cardiovascular drugs in women when compared with
men.5,6 Accordingly, preventive and therapeutical interventions
should be tested in populations that fairly represent the gender dis-
tribution. In contrast, under-representation of women in cardio-
vascular trials has been clearly demonstrated in the past.

The European Heart Health Strategy (EuroHeart) project of the
European Society of Cardiology (ESC) and the European Heart
Network (EHN), co-funded by the European Commission,
addressed the issue of women representation in cardiovascular
clinical research in Europe.

Under-representation of women in
clinical trials
The enrolment of women in cardiovascular clinical trials funded by
the NHLBI was 38% between 1965 and 19987 and 27% between
1997 and 2006.8 Furthermore, only 13 of 19 studies reported
gender-based outcomes.

In the European cardiovascular clinical trials of the same period,
the proportion of women enrolled varied between 16 and 25%,
although the female prevalence of clinical conditions under study
in the general population was similar to that of men.

In 2005, the European Medicines Agency and the ESC Policy
Conference on Cardiovascular Diseases in Women recommended
a significant representation of women in clinical trials.3

The current representation of women in European cardio-
vascular research has been assessed in the EuroHeart project.

Observational studies; randomized clinical trials, including
meta-analyses; European registries; Guidelines and Statements of
European Scientific Societies, published between 2006 and June
2009, have been analysed, focusing on the number and percentage
of women enrolled, age of participants, time of follow-up, avail-
ability of the analysis of outcomes by gender, identification of
gender differences in risk, and outcome or clinical practice.

Smoking among young women
and risk of cardiovascular diseases
The 2006 EUROASPIRE III survey9 has shown that although the
overall percentage of smokers has remained nearly the same, the
proportion of women smokers aged less than 50 years has signifi-
cantly increased, suggesting a compelling need for a special effort
to prevent smoking initiation and favour smoking cessation in
young women. The risk of cardiovascular disease is particularly
high if smoking starts before the age of 15 years.10 Furthermore,
the mortality from cardiovascular disease is higher in women
than in men who smoke, even after adjustment for other risk
factors.10 Women metabolize nicotine faster than men, especially
when taking oral contraceptives.10 Smoking and oral contracep-
tives exert synergistic effects and increase the risk of myocardial
infarction particularly in young women.10 A meta-analysis on the
effects of smoking cessation after myocardial infarction showed
that mortality was reduced by 46% in both men and women.10

Gender and blood
pressure-lowering treatment
A lower blood pressure is associated with lower cardiovascular
risk in both men and women.11 Since 2006, the five randomized
trials on blood pressure-lowering therapy12–16 enrolled 69 473
patients and 28 008 were women (40.3%, range 27–60%)
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(Figures 1 and 2). The mean age of participants was 70.2 years
(Figure 3) and the mean follow-up was 3.2 years. However, analysis
by gender was present in three of the five trials (60%). No signifi-
cant gender differences have been found.

A meta-analysis on blood pressure-lowering treatment17

showed that for the primary outcome of total major cardiovascular
events, there were no gender differences.

The 2007 ESC and European Society of Hypertension (ESH)
Guidelines on hypertension18 stated that the benefit of blood
pressure lowering is similar in women and in men. Angiotensin-
converting enzyme (ACE)-inhibitors and angiotensin-receptor
antagonists should be avoided in pregnant and pregnancy planning
women because of potential teratogenic effects. Women with pre-
vious gestational hypertension are at increased risk for cardiovas-
cular disease in later life and should receive a strict follow-up.
The ESH Guidelines for blood pressure monitoring at home19

stated that this type of measurement has considerable potential
in improving the management of pregnant women.

Diabetes and cardiovascular risk in
men and women
Since 2006, the seven randomized trials on diabetes20–26 enrolled
48 508 patients and 20 091 were women (41.4%, range 30–59%)
(Figures 1 and 2). The mean age of participants was 61.1 years
(Figure 3), the mean follow-up was 4.3 years, and four of the
seven trials (57.1%) reported the analysis of the results by gender.

Women with diabetes have a higher risk than men of developing
coronary artery disease or stroke, a poorer prognosis after myo-
cardial infarction, and a higher risk of cardiovascular death.27 Fur-
thermore, a meta-analysis28 showed that women with gestational
diabetes have an increased risk of developing diabetes. Thus, inter-
ventions that might prevent or delay the onset of diabetes in
affected women should be considered.

The 2007 ESC and European Association for the Study of
Diabetes (EASD) Guidelines on diabetes, pre-diabetes, and cardio-
vascular diseases27 recommend special medical attention in dia-
betic women. Blood pressure and cholesterol control is effective
in reducing cardiovascular risk in both men and women with dia-
betes. Glucose control, even if intensive, reduces microvascular
events, with a lower impact on macrovascular events, regardless
of gender.23,24,29

Women are more prone to the adverse effects of newer hypo-
glycaemic agents. A meta-analysis showed that thiazolidinediones
double the risk of fractures among diabetic women, but not
among men,30 a finding confirmed by the RECORD trial.26 The
EASD and American Diabetes Association consensus document31

advised against the use of rosiglitazone and recommends caution in
using other thiazolidinediones for the risk of heart failure29 in both
genders and for the higher risk of fractures in women.

Cholesterol-lowering therapy and
cardiovascular prevention in men
and women
Since 2006, a total of 50 194 patients of which 15 036 women (30%,
range 19–50%) (Figures 1 and 2) have been enrolled in six clinical
trials on statins.32–38 The mean age of participants was 60.8 years
(Figure 3) and the mean follow-up was 3.2 years. Of note, only
one trial (16.6%) reported the analysis of the results by gender.

A meta-analysis, recently updated,39,40 demonstrated that statins
reduce cardiovascular events in both men and women. However,

Figure 1 Participants in clinical trials by gender. BP, blood
pressure; DM, diabetes mellitus; Chol, cholesterol; Asp, aspirin;
IHD, ischaemic heart disease; HF, heart failure; Afib, atrial fibrillation.

Figure 2 Percentage of women in clinical trials. Abbreviations
as in Figure 1.

Figure 3 Mean age of participants in clinical trials. Abbrevi-
ations as in Figure 1.
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another meta-analysis which included only statins trials of primary
prevention showed that the risk reduction was somewhat lower in
women than in men.41 Recently, the JUPITER trial37 performed in
subjects without a history of cardiovascular disease with normal
LDL and high-sensitivity C-reactive protein, a biomarker of inflam-
mation, showed that cardiovascular events were significantly
reduced by rosuvastatin in both men and women. Of note, to
obtain a fair proportion of events also in women, a different
minimum age was established among the inclusion criteria, 50
years for men and 60 for women. Thus, the apparent lower
benefit of statins in primary prevention of women has not been
confirmed in this large trial, as well as in a most recent
meta-analysis.42

The 2007 European Guidelines for cardiovascular disease pre-
vention10 recommend statins for men and women who had a car-
diovascular event, and in primary prevention in the case of high
levels of LDL cholesterol or in subjects at high risk for cardiovas-
cular disease.

Aspirin for secondary and primary
prevention: are there gender
differences?
A recent meta-analysis43 confirmed that aspirin is beneficial in both
men and women who already had a cardiovascular event.

The effects of aspirin in primary prevention, i.e. in subjects who
did not have a cardiovascular event, are less clear. A previous
meta-analysis44 showed that in women, aspirin reduced stroke
but not myocardial infarction, whereas in men, it reduced myocar-
dial infarction but not stroke. However, when adjustment for mul-
tiple comparisons was made in the most recent meta-analysis,43

the reduction in vascular outcomes did not differ between men
and women.

Of note, the 2009 USPSTF recommendation statement
encourages men aged 45–79 years to use aspirin to reduce
myocardial infarctions and women aged 55–79 years to reduce
ischaemic strokes.45

The 2008 European Stroke Organization (ESO) Guidelines on
ischaemic stroke46 recommend aspirin for primary prevention of
stroke in women aged 45 years or more.

The 2007 European Guidelines for cardiovascular disease pre-
vention10 stated that in asymptomatic individuals, aspirin should
be considered only when the 10-year risk of cardiovascular mor-
tality is markedly increased, irrespective of gender.

Gender differences in ischaemic
heart disease
Overall, the 13 randomized trials on ischaemic heart disease47– 59

enrolled 90 400 patients and only 24 756 were women (27.3%,
range 19–34.6%) (Figures 1 and 2). The mean age was 62.6 years
(Figure 3) and the mean follow-up was 0.9 years, shorter than in
the other trials because they mainly assessed the effects of treat-
ments in the acute coronary syndromes (ACS) and the outcome

occurred in the first months after enrolment. Five of the 13
trials (38.4%) reported the analysis of the results by gender.

Women with clinical findings suggestive of ischaemia but
without obstructive coronary artery disease on angiography rep-
resent a frequent clinical problem. The WISE study60 showed
that women with suspected ischaemia but no angiographic
evidence of obstructive coronary artery disease are at elevated
risk for cardiovascular events compared with asymptomatic
women.60 In the case of normal angiography, an invasive testing
of coronary vasoreactivity or the determination by PET of the cor-
onary flow reserve, although rarely available, may help the identi-
fication of women at risk.61,62

The EuroHeart Survey of Stable Angina63 in 3779 patients (42%
women) showed that less women than men underwent exercise
ECG test or coronary angiography and received revascularization,
antiplatelet, and statin therapies. Death or non-fatal myocardial
infarction occurred more often in women during the 1-year
follow-up, even after adjustment for age and other factors.
Further research is needed to elucidate the reasons of these
findings.

The 2006 ESC Guidelines on angina64 recommend that women
should have equal access to coronary angiography and treatment
as men.

Acute coronary syndromes and
coronary revascularization from a
gender perspective
Gender differences in the manifestation of ACS have been demon-
strated.3 Women with non-ST-elevation-ACS (NSTE-ACS) are
older than men3 and this may partly explain the less frequent
reporting of chest pain.65 In a registry of 201 114 patients with
myocardial infarction,66 younger women had a higher 30-day mor-
tality compared with men. However, gender was not an indepen-
dent predictor of survival at 1-year and among older women and
men, mortality was similar after adjustments for co-morbidities.
As for stable angina, females with NSTE-ACS are less likely to
receive evidence-based diagnostic procedures and therapies.67

The effects of an early invasive strategy with coronary angiogra-
phy and a selective invasive strategy (with coronary angiography
only if symptoms or signs of severe ischaemia occurred) in
women with NSTE-ACS68 did not differ in the primary outcome
of death, myocardial infarction, or stroke. However, a higher
1-year mortality and a higher rate of major bleeding at 30 days
were observed in women of the early invasive strategy
group.68,69 An early invasive strategy did not differ from delayed
intervention in low-risk patients, but was superior in high-risk
patients in both genders.59,69 Randomized trials enrolling a large
number of women are needed to determine the most appropriate
strategy in the management of ACS.

The risk of adverse events during and after percutaneous coron-
ary revascularization (PCI) is greater in women than in men,
although the success rate is similar, as well as the effects of anti-
thrombotic agents.3 Despite less favourable baseline clinical and
angiographic features in women compared with men, the angio-
graphic and clinical benefits of PCI using drug-eluting stents were
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similar.70 However, in European registries, less women than men
are treated with percutaneous or surgical revascularization, clopi-
dogrel and GP IIb/IIIa inhibitors.64,71,72

More adverse events with GP IIb/IIIa inhibitors have been
reported in women. Indeed, women experience more bleeding
than men independently of the type of treatment.73 Appropriate
dosing of antithrombotic agents should improve care of women
with NSTE-ACS.

The 2007 ESC Guidelines on NSTE-ACS74 recommend that
women be evaluated and treated similarly to men. The 2008
Guidelines on acute myocardial infarction75 did not include specific
gender-related recommendations.

Gender differences in heart failure
Since 2006, the 11 randomized trials on heart failure76– 86 enrolled
46 141 patients and 12 834 were women (27.8%, range 15–60%)
(Figures 1 and 2). The mean age was 69.2 years (Figure 3) and
the mean follow-up was 2.4 years. The majority of trials (8/11;
72.7%) reported the analysis of the results by gender and
showed that the effects of main interventions were similar in
men and women. The MADIT-CRT trial demonstrated that the
benefit of cardiac resynchronization therapy combined with
implantable cardioverter-defibrillator (ICD) in relatively asympto-
matic patients with a low ejection fraction and wide QRS was sig-
nificantly greater in women than in men.87

An analysis of randomized trials88 and of the CHARM
programme,78 which enrolled also heart failure patients with a
normal ejection fraction—more frequent in women (50%) than
in men (35%)—showed that women were older, less often
smoked or had prior myocardial infarctions, had higher systolic
blood pressures, more diabetes, and more severe symptoms
than men. However, women had better outcomes than men.
Also the EuroHeart Survey on heart failure, which reflects the clini-
cal practice in Europe,89 confirmed these findings but, at variance
with the randomized trials, 12-week mortality was similar for men
and women. Indeed, gender differences in the management of
heart failure may have contributed to influence the outcome as
fewer women had an investigation of left ventricular function and
were treated with ACE-inhibitors and beta-blockers. Furthermore,
an observational study reported that among potentially eligible
patients, less women than men received ICD therapy.90 Thus,
women with heart failure in Europe are less often investigated
and treated with evidence-based interventions, even after adjust-
ment for age and clinical characteristics.

The 2008 ESC Guidelines on heart failure91 do not include
specific gender-related issues. They state that pregnancy may
lead to deterioration of heart failure due to the increase in
blood volume and extravascular fluid.

Gender and atrial fibrillation
Overall, the seven randomized trials on atrial fibrillation92 –98

enrolled 28 790 patients and 10 618 were women (36.9%, range
23.3–56.6%) (Figures 1 and 2). The mean age was 69.0 years, the
mean follow-up was 2.3 years, and three of the seven trials

(42.8%) reported the analysis of the results by gender. No
gender differences in the outcomes have been observed.

The EuroHeart Survey on atrial fibrillation99 in 5333 patients
(42% female) showed that compared with men, women were
older, had a lower quality of life, more co-morbidities, and more
often heart failure with preserved left ventricular function. Further-
more, women showed a higher prevalence of additional risk factors
for stroke, as indicated by higher CHADS2 scores.100 One-year
outcome was similar, except that women had a higher risk for
stroke, independently of age and other risk factors, and are
more prone than men to drug-induced proarrhythmia and
anticoagulant-related bleeding.101

The 2006 ESC Guidelines on atrial fibrillation102 define female
gender as an additional risk factor for stroke, frequent recurrence
of paroxysmal atrial fibrillation, and drug-induced ventricular
arrhythmias.

Gender differences in stroke
Overall, the 10 randomized trials on stroke103 – 113 enrolled 28 790
patients and 10 618 were women (36.9%, range 25–52%)
(Figures 1 and 2). The mean age of participants was 69.0 years
(Figure 3) and the mean follow-up was 1.26 years, as the majority
of trials have been performed in the acute phase. Five of the 10
trials (50%) reported the analysis of the results by gender.

Gender differences in the clinical presentation and outcome of
stroke have been demonstrated. Women have a higher risk of
stroke, are more disabled after stroke, and are more likely to be
institutionalized.114 However, women less frequently undergo
brain imaging, Doppler examination, echocardiogram, and angio-
graphy3 and less women receive lipid-lowering drugs and anti-
thrombotics for secondary prevention.115

Although a meta-analysis showed that women benefit more than
men from thrombolysis in acute stroke, less women than men
receive this therapy,3 partly because less women than men reach
the hospital within 3–4.5 h and, independently of the delay of
arrival, have longer door-to-doctor and door-to-image intervals
in the emergency rooms.116

The 2008 ESO Guidelines on ischaemic stroke46 recommend
the same management and treatment for women and men.

Conclusions
The EuroHeart project has shown that despite an increase in the
proportion of women enrolled in cardiovascular clinical trials,
there is still an under-representation of women, particularly in
the field of cholesterol-lowering therapy, ischaemic heart disease,
and heart failure.

Overall, the 62 randomized trials published since 2006 and ana-
lysed here (Table 1) enrolled 380 891 participants and 127 716
were women (33.5%) (Figures 1 and 2). The mean age of partici-
pants was 66.3 years (Figure 3) and the mean follow-up was 2.7
years. The percentage of women enrolled in each trial ranges
between 15 and 60%, but only 31 of the 62 trials (50%) reported
the analysis of the results by gender.

The duration of follow-up may have influenced the number of
events in women when compared with those occurring in men,
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as females of the same age of males may be at lower risk at the
time of enrolment. This difference should be taken into account
in the design of a clinical trial. One of the reasons of a lower enrol-
ment of women in clinical trials is indeed the lower occurrence of
outcomes in females, which may affect the costs of the study. This
apparent conflict between adequate enrolment of women and
cost-effectiveness trial execution may be overcome by a more
accurate choice of the inclusion criteria. A positive example
comes from the JUPITER trial of primary prevention with statins,
where men older than 50 years and women older than 60 years
have been enrolled.37 Of note, the age of participants in the
majority of the other clinical trials is not reported by gender.

The under-representation of females in cardiovascular research
may be partly explained by a lower willingness of women to be
enrolled, due to their misperception of risk of cardiovascular
disease and/or the difficulties in terms of transportation or
support for the follow-up visits. Any barrier to the enrolment of
women in clinical trials should therefore be removed.

Most of the clinical trials and meta-analysis analysed here did not
report a significant lower efficacy of interventions in women when
compared with men. For some therapies, there is even a sugges-
tion for greater efficacy in women than in men, as in the case of
cardiac resynchronization therapy in heart failure or thrombolysis
after ischaemic stroke. Accordingly, the Scientific Guidelines do
not generally provide specific recommendations for prevention
or treatment in women.

However, more adverse effects for some drugs and procedures
have been observed in women than in men. Diabetic women
treated with thiazolidinediones experienced an excess of fractures,
at variance with men, and women treated for ACS were more
prone to bleedings.

Finally, in some areas, clinical trials provided somewhat conflict-
ing results in women, as in the assessment of the efficacy of early
invasive strategies in ACS which deserves the design of studies with
a large representation of women.

Cardiovascular clinical trials enrolling a significant proportion of
women to allow for pre-specified gender analysis should be con-
ducted. Enrolment criteria and follow-up duration should allow
the inclusion of women at risk of developing cardiac events.

Scientific research on gender issues in cardiovascular medicine
should be promoted.
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Zampelas A, European Society of Cardiology (ESC); European Association for
Cardiovascular Prevention, Rehabilitation (EACPR); Council on Cardiovascular
Nursing; European Association for Study of Diabetes (EASD); International Dia-
betes Federation Europe (IDF-Europe); European Stroke Initiative (EUSI);
Society of Behavioural Medicine (ISBM); European Society of Hypertension
(ESH); WONCA Europe (European Society of General Practice/Family
Medicine); European Heart Network (EHN); European Atherosclerosis
Society (EAS). European guidelines on cardiovascular disease prevention in
clinical practice: full text. Fourth Joint Task Force of the European Society of
Cardiology and other societies on cardiovascular disease prevention in clinical
practice (constituted by representatives of nine societies and by invited
experts). Eur J Cardiovasc Prev Rehabil 2007;14(Suppl. 2):S1–S113.

11. Turnbull F, Neal B, Ninomiya T, Algert C, Arima H, Barzi F, Bulpitt C, Chalmers J,
Fagard R, Gleason A, Heritier S, Li N, Perkovic V, Woodward W, MacMahon S,
on behalf of the Blood Pressure Lowering Treatment Trialists’ Collaboration.
Effects of different regimens to lower blood pressure on major cardiovascular
events in older and younger adults: meta-analysis of randomised trials. BMJ
2008;336:1121–1123.

12. Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu D,
Stoyanovsky V, Antikainen RL, Nikitin Y, Anderson C, Belhani A, Forette F,
Rajkumar C, Thijs L, Banya W, Bulpitt CJ, HYVET Study Group. Treatment of
hypertension in patients 80 years of age or older. N Engl J Med 2008;358:
1887–1898.

13. ONTARGET Investigators, Yusuf S, Teo KK, Pogue J, Dyal L, Copland I,
Schumacher H, Dagenais G, Sleight P, Anderson C. Telmisartan, ramipril, or
both in patients at high risk for vascular events. N Engl J Med 2008;358:
1547–1559.

14. Telmisartan Randomised AssessmeNt Study in ACE iNtolerant subjects with
cardiovascular Disease (TRANSCEND) Investigators, Yusuf S, Teo K,
Anderson C, Pogue J, Dyal L, Copland I, Schumacher H, Dagenais G,
Sleight P. Effects of the angiotensin-receptor blocker telmisartan on cardiovascu-
lar events in high-risk patients intolerant to angiotensin-converting enzyme
inhibitors: a randomized controlled trial. Lancet 2008;372:1174–1183. Erratum
in: Lancet 2008;372:1384.

15. Jamerson K, Weber MA, Bakris GL, Dahlöf B, Pitt B, Shi V, Hester A, Gupte J,
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86. van Veldhuisen DJ, Cohen-Solal A, Böhm M, Anker SD, Babalis D, Roughton M,
Coats AJ, Poole-Wilson PA, Flather MD, SENIORS Investigators. Beta-blockade
with nebivolol in elderly heart failure patients with impaired and preserved left
ventricular ejection fraction: Data From SENIORS (Study of Effects of Nebivolol
Intervention on Outcomes and Rehospitalization in Seniors With Heart Failure).
J Am Coll Cardiol 2009;53:2150–2158.

87. Moss AJ, Hall WJ, Cannom DS, Klein H, Brown MW, Daubert JP, Estes NA 3rd,
Foster E, Greenberg H, Higgins SL, Pfeffer MA, Solomon SD, Wilber D,
Zareba W, the MADIT-CRT Trial Investigators. Cardiac-resynchronization
therapy for the prevention of heart-failure events. N Engl J Med 2009;361:
1329–1338.

88. Frazier CG, Alexander KP, Newby LK, Anderson S, Iverson E, Packer M, Cohn J,
Goldstein S, Douglas PS. Associations of gender and etiology with outcomes in
heart failure with systolic dysfunction: a pooled analysis of 5 randomized control
trials. J Am Coll Cardiol 2007;49:1450–1458.

89. Lenzen MJ, Rosengren A, Scholte op Reimer WJ, Follath F, Boersma E,
Simoons ML, Cleland JG, Komajda M. Management of patients with heart
failure in clinical practice: differences between men and women. Heart 2008;
94:e10.

M. Stramba-Badiale1681c
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/31/14/1677/435944 by guest on 21 August 2022



90. Hernandez AF, Fonarow GC, Liang L, Al-Khatib SM, Curtis LH, LaBresh KA,
Yancy CW, Albert NM, Peterson ED. Sex and racial differences in the use of
implantable cardioverter-defibrillators among patients hospitalized with heart
failure. JAMA 2007;298:1525–1532.

91. Task Force for Diagnosis, Treatment of Acute and Chronic Heart Failure 2008
of European Society of Cardiology, Dickstein K, Cohen-Solal A, Filippatos G,
McMurray JJ, Ponikowski P, Poole-Wilson PA, Strömberg A, van
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Dahlöf B, De Keyser J, Donnan GA, Estol C, Gorelick P, Gu V,
Hermansson K, Hilbrich L, Kaste M, Lu C, Machnig T, Pais P, Roberts R,
Skvortsova V, Teal P, Toni D, Vandermaelen C, Voigt T, Weber M, Yoon BW,
PRoFESS Study Group. Aspirin and extended-release dipyridamole versus clopi-
dogrel for recurrent stroke. N Engl J Med 2008;359:1238–1251.

108. Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D, Larrue V,
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