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Differences in pharmacokinetics, pharmacodynamics, and physiology contribute to the phenomenon
that women and men frequently respond differently to cardiovascular drugs. Hormonal influences, in
addition, can play an important role: for example, the menstrual cycle, menopause, and pregnancy—
as a result of fluctuations in concentrations of sexual steroids, and of changes in total body water—
can be associated with gender-specific differences in the plasma levels of cardiovascular drugs. Clinical
relevance accordingly results, especially for substances with a narrow therapeutic margin. This review
treats the most important pharmacodynamic gender-relevant differences in this context, and surveys
available evidence on the benefits of therapy of chronic cardiovascular diseases in women. On the
whole, the study situation for women is appreciably less favourable than for men: owing to the fact
that women are under-represented in most studies, and that few gender-specific analyses have been
conducted.
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Introduction

In accordance with the growing knowledge of the relevance
of gender-specific differences in cardiovascular diseases,
gender-adapted diagnosis and therapy has gained signifi-
cance during recent years. Although there is widespread
call today for evidence-based pharmacotherapy, the lack of
solid data from studies often restricts these possibilities in
women.1,2 The percentage of women participating in studies
on coronary heart disease has risen since the mid-1980s, with
the result that the percentage of women covered by such
investigations now coincides with the actual prevalence
of CHD in women. Women are still under-represented in
studies on arterial hypertension and heart failure.2 It
is not rare that women respond to cardiovascular medi-
cation differently from men. The causes may be related
to differences in physiology, pharmacokinetics, and
pharmacodynamics.
Gender-specific physiological differences include lower

body mass index (BMI) and smaller organ size in women com-
pared with men, resulting in larger distribution volumes in
men. Women have a higher proportion of body fat which
may increase the distribution volume for lipophilic drugs.3

In women, the percentage of tissue-water fluctuates
throughout the menstrual cycle, as high estradiol concen-
trations are associated with sodium and water retention.
Women have a lower glomerular filtration rate and lower
creatinine clearance. In men, testosterone-induced increase

in muscle metabolism is associated with augmented creati-
nine clearance.4

In the cardiovascular system, women and men likewise
demonstrate differences that can explain dissimilarities in
the therapeutic response to various drugs.5 Heart size is
less in women.6 On the average, resting heart rate in
women is three to five beats higher than in men.7,8 Length
of the cardiac cycle in men is longer. In women, length of
the cardiac cycle varies throughout the menstrual cycle
and is prolonged during menstruation. These cyclic fluctu-
ations no longer appear following complete autonomous
blockade.7 Women have a longer corrected QT interval and
a shorter sinus node recovery time.9,10

From pharmacokinetic studies there is evidence of gender-
specific differences for a number of drugs. Drug absorption,
either orally or transdermally, does not differ significantly
between women and men. The same applies for plasma-
protein binding of drugs. Relevant differences between
women and men in the unbound fraction of highly plasma-
protein-bound drugs have not been shown.11 Gender-specific
differences in the activity of drug-metabolizing enzymes are
possibly of clinical relevance. Many cardiovascular drugs are
metabolized by enzymes of the cytochrome P450 (CYP)
system. Endogenous hormones, including estrogens and pro-
gestins are also metabolized via these enzymes. Whereas
men seem to have higher activities of the CYP450 isoenzymes
CYP1A2, CYP2D6, and possibly CYP2E1, women appear to have
a higher clearance of CYP3A4 substrates, although findings are
not consistent.3,11–14

In human liver biopsies a higher expression of CYP3A4
messenger RNA and two-fold higher CYP3A4 levels were
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found in women compared with men.14 CYP3A4 contributes
to first-pass metabolism of .50% of commonly used drugs.
Substrates of this enzyme include the following: atorvasta-
tin, diltiazem, estradiol, lovastatin, nimlodipine, nisoldi-
pine, quinidine, verapamil, and simvastatin. For CYP2C19,
which in part metabolizes propranolol, relevant gender-
specific differences are not known. For CYP2C9 (substrates
such as fluvastatin, torasemide, and in part losartan and
irbesartan), only limited data are available.11 For CYP2D6
(substrates such as encainide, flecainide, mexiletine, propa-
fenone, metoprolol, timolol, and in part propanolol), no
differences in the activity between women and men,15

lower activity, and even higher activity have been reported
for women.16–18 The earlier stated differences become
clinically relevant primarily for substances with a narrow
therapeutic margin, as is the case for most antiarrhythmics.
Few data are available on gender differences with respect

to drug transporters, whose expression and activity are
regulated partially by genetic elements and partially by
sex hormones.11,19,20 As the isoenzyme CYP3A4 and the
multidrug efflux transporter p-glycoprotein demonstrate
appreciable substrate overlap, it has been hypothesized
that gender-specific differences in the clearance of
CYP3A4 substrates may be attributable to lower expression
of p-glycoprotein in the liver of women.21 A recently pub-
lished study, however, did not observe a differential
hepatic expression of this transporter between women and
men.14

Genetic variants are known for a considerable number of
drug metabolizing enzymes, and also for drug transporters.
These variants can lead to diminished enzyme activity,
which is of documented clinical relevance e.g. for CYP2D6,
CYP2C19, CYP2C9, or they may lead to increased enzyme
activity, as in the case of CYP2D6. A reduction in enzyme
activity can play a key role in the development of adverse
drug reactions as a result of relative ‘overdosing’.22 There
are no solid data that confirm that the frequency of these
genetic variants differs between women and men.
Further female-specific aspects must be considered in the

administration of drugs. Menstrual cycle, pregnancy, and
menopause can be associated with changes in the pharma-
cokinetics of drugs, mostly as a result of changes in sex
steroid concentrations and alterations in total body water
(e.g. expansion of total body water, increase of renal
plasma flow, and glomerular filtration during pregnancy).
It has been reported that menstruation, pregnancy, and
ovariectomy can modulate CYP2D6 activity.23–25 The clinical
relevance of these changes is not clear. In addition,
interactions with exogenous hormone therapy such as oral
contraception and hormone replacement therapy must be
taken into account. Estrogens and progestins interact with a
number of cardiovascular drugs, possibly by inhibiting CYP
enzymes or increasing drug glucuronidation. In vivo data
have shown that oral contraceptives can increase
or decrease drug concentrations of co-administered
medications.11

Female gender has been shown to be a risk factor for the
development of adverse drug reactions. Women have a
50–70% greater risk of suffering adverse drug reactions
than men. Although the underlying reasons have to be eluci-
dated, hormonal and immunological factors, in addition to
differences in pharmacokinetics and pharmacodynamics,
have been discussed.13

Methods

A literature review of articles on female-specific aspects in the
pharmacotherapy of chronic cardiovascular diseases was performed
using the Medline databases. Medical subject headings and free-text
searches were used, with entry of the search terms ‘women’,
‘gender’, ‘sex-specific’, ‘female-specific’, and ‘gender-specific’,
combined with the terms ‘cardiovascular’, ‘cardiac’, as well as
‘pharmacotherapy’, ‘medication’, ‘drugs’, and ‘pharmacokinetics’.
The resulting article titles or abstracts were scanned for relevance.
Those regarding female or gender-specific aspects in chronic cardio-
vascular pharmacotherapy were included in the review, and the bib-
liographies of all studies identified were searched for additional
relevant studies. In addition, major randomized cardiovascular
studies with beta-blockers, renin–angiotensin system (RAS) antag-
onists, calcium channel blockers, digitalis, antiarrhythmics, acetyl-
salicylic acid, clopidogrel, and statins were checked individually
with regard to female-specific aspects.

Cardiovascular pharmacotherapy

Beta-blockers

Experimental evidence has indicated that myocardial
b1-receptors are up-regulated in case of estrogen deficiency,
without effects on binding affinity.26,27 Hormone supplemen-
tation with estrogens and progestins can prevent such
up-regulation.27 Reduced cardiac sympathetic response to
catecholamines results, on the whole, under endogenous
estrogens. Since sex hormones can modulate the regulation
of b-adrenergic receptors in heart and vessels, gender-
specific differences in the pharmacodynamics of b-receptor
blockers are to be expected.

Gender-specific differences with respect to pharmaco-
kinetic properties have been described for cardioselective
and non-selective beta-blockers. The b1-selective blocker
metoprolol is primarily metabolized via CYP2D6. Evidence
exists that men have a greater activity of this enzyme and
a faster clearance of metoprolol.18,28 Women have a signifi-
cantly lower peripheral volume of distribution for metopro-
lol even after normalization for body-weight. Consequently,
significantly higher plasma levels of metoprolol have been
observed in women: maximum concentrations lay �100%
above those for men.28 Drug exposure to metoprolol is
further increased under therapy with oral contraceptives.29

For the non-selective beta-blocker propanolol, plasma
concentrations in women are �80% higher than in men.30

Increased enzyme expression of CYP2D6 through increased
testosterone levels in men has been discussed as the cause
of greater clearance in men.28 Corresponding to the higher
beta-blocker plasma levels in women, they demonstrate a
more pronounced decrease in heart rate and systolic blood
pressure under beta-blocker therapy than men. Women, in
addition, experience significantly smaller increases in exer-
cise heart rates than do men under these conditions.28,31,32

Major clinical endpoint studies of beta-blocker therapy in
secondary prevention after myocardial infarction have
revealed contradictory findings with respect to gender-
specific differences. These studies, however, have not
included sufficient numbers of women to enable significant
findings.32,33 A meta-analysis of five randomized studies
including a total of 5474 patients (4353 men and 1121
women) for investigating the effects of metoprolol on mor-
tality after myocardial infarction, revealed a reduction in
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cardiovascular death that was comparable in women and
men.34

Recent investigations on the significance of beta-blocker
therapy for heart failure support the assumption that
beta-blocker therapy in men tends to be associated with a
more favourable prognosis than in women. These studies
included appreciably fewer women than men. In both the
MERIT-HF (Metoprolol Controlled Release/Extended Release
Randomized Intervention Trial in Chronic Heart Failure)35

as well as the COPERNICUS (Carvedilol Prospective
Randomized Cumulative Survival) study,36 the mortality
reduction for women in the subgroup analysis was not signifi-
cant. It was only in the post-hoc analysis of CIBIS II (Cardiac
Insufficiency BIsoprolol Study II)37 that the prognostic advan-
tage for women was significant: it actually lay above that for
men. On the whole, the data for women seem to be less
favourable than for men. A finding moreover attributed
not only to the smaller proportion of women in the
studies, but also to the fact that the women studied were
older and sicker than the comparable male cohort. Once
the findings of these three major beta-blocker studies of
heart failure were pooled in a meta-analysis (.8900
female patients), results also revealed significant reduction
of mortality in women (Figure 1 ).38

Antagonists of the RAS

Estrogens elevate the angiotensin II plasma levels and con-
secutively reduce, via negative feedback regulation, ACE
and renin activity, as well as expression of the angiotensin
II Type-1 receptor.39–42 Estrogen-induced inhibition of the
RAS results as a net effect.39 Accordingly, pre-menopausal
women demonstrate lower ACE activity than post-menopausal
women: a difference abolished by hormone replacement
therapy.42 The cardioprotective effects of endogenous
estrogens may result in part from inhibition of the RAS. It
has not been established, whether these hormonal influ-
ences on the RAS modulate effectiveness of therapy with
ACE-inhibitors. Relevant gender-specific pharmacokinetic
differences have not been described for the ACE-inhibitors

captopril and lisinopril.43,44 With a fixed 5 mg dose of rami-
pril, however, higher plasma levels (AUC) occurred in women
than in men, due to women’s lower body weight.45

Blood-pressure reduction with different ACE-inhibitors is
comparable in women and men.46

ACE-inhibitors are part of evidence-based therapy of
heart failure; numerous endpoint studies have verified
their prognostic benefits. Data are less well founded for
women, as women are under-represented in most of these
studies. Two meta-analyses that pooled results of ACE-
inhibitor therapy for chronic heart failure have described a
trend towards benefits of ACE-inhibitor therapy for women
that are less than for men.47,48 The combined analysis of
30 studies on ACE-inhibitor therapy in heart failure estab-
lished a reduction of 37% in men in mortality and/or hospi-
talization due to heart failure, but only 22% in women.47

A further meta-analysis investigating the effects of ACE-
inhibitor therapy early after myocardial infarction compli-
cated by left-ventricular dysfunction, found comparable
favourable effects for both genders with respect to progno-
sis and hospitalization rate.49 Women with asymptomatic
left-ventricular dysfunction appear not to profit from ACE-
inhibitor therapy with regard to morbidity and mortality.48

The question of whether ACE-inhibitors have a favourable
impact in primary and secondary prevention of vascular dis-
eases, without the presence of left-ventricular dysfunction,
has been examined by HOPE (Heart Outcomes Prevention
Evaluation Study), EUROPA (EURopean trial On reduction
of cardiac events with Perindopril in stable coronary
Artery disease), and PEACE (Prevention of Events with
Angiotensin Converting Enzyme Inhibition).50–52 HOPE dis-
closed that the administration of ACE-inhibitors for high-
risk female patients was associated with mortality reduction
(coronary event) of 38%, results similar to those for men
(Figure 2 ).50 EUROPA confirmed the results from HOPE for
men; on the basis of the low number of women included
(14.5%), the findings for women were not significant.51 The
PEACE study investigated the benefits of trandolapril in
8290 male and female patients with established coronary
heart disease. Their recently published findings revealed

Figure 1 Relative risk ratios and 95% confidence intervals for total mortality in women and men, in studies evaluating the impact of b-blockade in heart failure
(modified with permission from Ghali et al.38).
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no significant differences between ACE-inhibitor therapy
and placebo with respect to cardiovascular death. This
study, which included 18% women, reported no gender-
specific differences.52 It is under discussion why PEACE,
unlike HOPE and EUROPA, produced negative results: in
addition to possible substance-specific differences between
the individual ACE-inhibitors, it has been assumed that the
lack of reported advantages results from the lower risk
profile of the PEACE patients, and from the fact that a
higher percentage of them had received preliminary treat-
ment with statins.53 On the basis of the small proportion
of women included in ACE-inhibitor studies, data for
women are less advantageous than for men. The question
of whether women basically profit less from ACE-
inhibitor therapy has not been definitely elucidated.
The most frequent adverse reaction to ACE-inhibitor

therapy, coughing, arises more frequently in women than
men: by a factor of �1.5–2.54,55 No gender-specific differ-
ences with respect to the occurrence of angioneurotic
edemas or urticaria have been described under ACE-
inhibitor therapy.56

Besides ACE-inhibitors, angiotensin II Type-1 (AT1) recep-
tor antagonists play a key role in the therapy of cardiovascu-
lar diseases. Relevant gender-specific pharmacokinetic
differences have not been observed for most of the AT1
receptor antagonists.57–59 For losartan and telmisartan,
maximum plasma concentrations are twice as high in
women compared with men; however, dose modifications
for women have not been recommended.58

Major recent studies have investigated the effects of AT1
receptor antagonists: for hypertension, LIFE (Losartan
Intervention for Endpoint Reduction in Hypertension), and
VALUE (Valsartan Antihypertensive Long-term Use
Evaluation);60,61 for heart failure, ELITE II (Evaluation of
Losartan In The Elderly), Val-HeFT (Valsartan Heart Failure
Trial), and CHARM (Candesartan in Heart failure:
Assessment of Reduction in Mortality and morbidity);62–64

and for therapy after myocardial infarction, VALIANT (VAL-
sartan In Acute myocardial iNfarcTion), and OPTIMAAL

(OPtimal Trial in Myocardial Infarction with Angiotensin II
Antagonist Losartan).65,66 These studies determined no
gender-specific differences. With the exception of LIFE
(with a share of women of 54%), however, these studies
included appreciably fewer women than men: VALUE 42,
ELITE II 30, Val-HeFT 20, CHARM overall 31, VALIANT 31,
OPTIMAAL 29%.60–66

A further component of the RAS, aldosterone, is a prime
target of cardiovascular therapy. Pharmacokinetics of the
selective aldosterone receptor blocker eplerenone did not
differ significantly between women and men.67 To the best
of our knowledge, there have been no studies on gender
differences with regard to pharmacokinetics for the non-
selective aldosterone blocker spironolactone.

Clinical studies have provided no gender-specific differ-
ences. Neither RALES (Randomized ALdactone Evaluation
Study), which revealed the prognostic advantage of the
non-specific aldosterone blockade with aldactone in 822
patients with severe ischaemic and non-ischaemic heart
failure (NYHA III–IV), nor EPHESUS (Eplerenone Post-Acute
Myocardial Infarction Heart Failure Efficacy and Survival
Study), with the selective aldosterone receptor antagonist
eplerenone for left ventricular dysfunction (EF ,40%)
after myocardial infarction, revealed gender-specific differ-
ences in subgroup analyses, with 27% women in RALES and
28% women in EPHESUS.68,69

Calcium channel blockers

Pharmacokinetic studies have described gender-specific
differences for some,70–72 but not for all calcium channel
blockers.73 These substances are subject to considerable
first-pass metabolism in the liver, and are substrates of
CYP3A4,71 for which higher activities have been described
in women than in men.3,11,12,14 Accordingly, women have
shown faster clearance and lower serum levels of calcium
channel blockers, e.g. nifedipine, than do men.72 Women
also demonstrate faster clearance of verapamil after intra-
venous administration, which suggests gender-dependent

Figure 2 Effects of long-term therapy with the ACE-inhibitor ramipril on cardiovascular deaths in high-risk women and men in the HOPE trial (with permission
from Lonn et al.50).
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differences in hepatic metabolism. Although after oral
administration of a single dose of verapamil women
showed slower clearance than men,71 clearance after oral
administration in the steady state appears to be faster in
women than in men.70 Despite these gender-specific phar-
macokinetic differences, impact on pharmacodynamics is
apparently slight: although there is evidence of greater
verapamil-induced blood-pressure reduction in women.71

Verapamil clearance slows with increasing age in women:
which explains why older women (.60 years) experience
more effective blood-pressure reduction than do younger
women (from 20 to 30 years).74

It has not been conclusively determined whether the
pharmacokinetic differences among calcium channel block-
ers have relevant clinical impact. The Amlodipine
Cardiovascular Community Trial (ACCT) determined that
therapy with amlodipine, after dose–body weight adjust-
ment, resulted in blood-pressure reduction more pro-
nounced in women than in men. This effect depended on
whether women were using hormone replacement
therapy.75 The HOT (Hypertension Optimal Treatment)
study investigated the effectiveness of aspirin and intensive
blood-pressure reduction with felodipine on cardiovascular
events, if necessary, in combination with other antihyper-
tensives. HOT described that the rate of myocardial infarc-
tion significantly fell in women with the lowest diastolic
target blood pressure compared with women with higher
blood pressure target values. This trend likewise became
apparent in men, but the results were not significant.76

The major hypertension trials with calcium channel blockers
have included comparable numbers of women and men or
have even included more women than men. These studies
have revealed no evidence for gender-specific differences
in outcomes.77–81

Digitalis

A post-hoc analysis of the DIG (Digitalis Investigation Group)
trial, which investigated the effects of digoxin in patients
with heart failure, determined clear gender-specific differ-
ences. In contrast to men, women experienced significantly
elevated mortality under digoxin in comparison to placebo:
33.1 vs. 28.9%.82 The cause here has been attributed to rela-
tively excessive dosage in women: despite lower adminis-
tered digoxin doses, women demonstrated higher serum
levels than did men. An additional retrospective analysis
of the DIG trial emphasizes the importance of the digitalis
serum levels in this context, as higher levels, in men as
well, were associated with elevated mortality, whereas
lower levels were related to more favourable prognosis.83

It has been discussed whether the elevated mortality with
high digitalis levels in both sexes is attributable to arrhyth-
mogenic events. Blaustein et al.84 have suspected gender-
specific differences in cellular sodium and calcium handling
that could explain the different effects of glycosides in
women and men. Women demonstrate lower Naþ concen-
trations and fewer Naþ pumps in erythrocytes than do
men.85 For women suffering from heart failure, studies
have also determined fewer Naþ pumps in skeletal muscle
than in men.86 Extrapolation of these data to cardiomyo-
cytes could explain that lower number of active Naþ

pumps localized in the plasma membrane would predispose
heart failure patients to fatal arrhythmias.

An additional crucial aspect is hormone replacement
therapy. A subgroup analysis of HERS (Heart and
Estrogen–Progestin Replacement Study), which investigated
the effects of post-menopausal hormone replacement
therapy in secondary prevention of cardiovascular diseases,
evidenced that women under hormone replacement therapy
who additionally received digitalis, experienced elevated
incidence of coronary events in the first year of the study.
This prognostically unfavourable effect of hormone replace-
ment therapy did not occur in women who took no digi-
talis.87 As digitalis therapy in this study had not been
randomized, it remains to be elucidated whether women
taking digitalis had been sicker and whether this explains
the higher incidence of coronary events. The mean age of
women in the DIG trial was 66; most of them were therefore
post-menopausal. In this study, hormone replacement
therapy was not assessed, which renders impossible any
statement on whether hormone therapy could explain the
gender-specific unfavourable effects of digitalis.

Antiarrhythmics

Gender-specific differences in myocardial repolarization
have been long known. In 1920, Bazett9 described that
women demonstrate a longer corrected QT interval than
do men. Although several explanations have been discussed
in this context—e.g. differences in the autonomic nervous
system and myocardial effects of sex hormones—the funda-
mental mechanisms have not been definitely elucidated.
The fact that QT time in childhood is of equal length in
both sexes, and that it shortens after puberty in young
men with elevated androgen levels, speaks for effects of
sex steroids.88,89

Incidence of the acquired long-QTsyndrome is appreciably
higher in women than in men. This syndrome can be induced
not only by antiarrhythmics, but by a great number of other
drugs, including psychotropic drugs and antibiotics such as
erythromycin (Figure 3 ).90–93 Class I and III antiarrhythmics,
potentially associated with prolongation of the QT interval,
more often lead to torsades de pointes tachycardia in
women.90–92 In addition to the significance of women’s QT

Figure 3 Relation between female (grey bars) and male (black bars) genders
and torsades de pointe tachycardia for antiarrhythmic and non-
antiarrhythmic drugs in a database search (modified with permission from
Bednar et al.93).
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intervals that are already basally prolonged, other possible
explanations for this phenomenon include hormonal influ-
ences as well as high dosage relative to body weight.
Thus, modifications of ion channels by sex hormones may
play a particular role in this context.90 Discussion has
centred on whether gender-specific differences in the intrin-
sic activity and density of potassium channels of the female
myocardium lead to increased vulnerability with use of
drugs that prolong QT intervals.6

There is some evidence for gender-specific differences in
pharmacokinetics and/or pharmacodynamics of some antiar-
rhythmics which may account for the increased incidence of
QT interval prolongations. For the Class IA antiarrhythmic
procainamide, serum levels are around 30% higher in
women than in men. This finding has been primarily attribu-
ted to the lower BMI and consequently lower volume of dis-
tribution in women.94 Chinidin has led to more pronounced
QT prolongation in women, although serum concentrations
in both sexes were comparable.95 One study with the Class
III antiarrhythmic ibutilide in healthy women found longer
QT intervals in women than in men; in this study, cyclic fluc-
tuations of the female QT time became apparent, with
maxima during ovulation and menstruation.96 Reports have
described more pronounced repolarization prolongations
for d,l-sotalol in women, which extends repolarization via
blockade of the fast potassium channels.91 Although numer-
ous studies failed to perform gender-specific analyses and
included insufficient numbers of women, there is definite
evidence that these gender-specific differences in the
effects of antiarrhythmics on the repolarization phase do
gain clinical relevance.
In 1991, the Cardiac Arrhythmia Suppression Trial (CAST)

with the Class IC antiarrhythmics encainide and flecainide
called into question the application of antiarrhythmics for
suppression of ventricular events in the post-infarction
phase. Although this trial included 19% women, it did not
conduct gender-specific assessment of results.97 The analy-
sis of a large database with more than 3000 persons who
had taken d,l-sotalol for treatment of atrial or ventricular
arrhythmias disclosed that women suffered an elevated
risk (4.1%) in comparison to men (1%) of developing torsades
de pointes tachycardia.91 These gender-specific differences
were observed independently of dosage and basal corrected
QT interval.98 The Survival With ORal D-sotalol (SWORD)
study, which examined the effectiveness of d-sotalol in
patients with previous infarction, was prematurely termi-
nated because of elevated mortality in the verum group.
Female sex was a primary risk factor for excess mortality in
the group treated with d-sotalol.99 The DIAMOND (Danish
Investigations of Arrhythmia and Mortality on Dofetilide)
study likewise revealed female sex as a significant risk
factor for the development of torsades de pointes
tachycardia, with an odds ratio of 3.2.100

Although amiodarone is associated with fewer pro-
arrhythmias, women apparently develop torsades de pointes
tachycardia twice as frequently as do men under this Class
III antiarrhythmic drug.92 At present, there are no valid state-
ments available on whether amiodarone has less favourable
prognostic effects in women. The CHF Stat (Congestive
Heart Failure Survival trial of antiarrhythmic therapy) study
with amiodarone in patients with heart failure and asympto-
matic ventricular arrhythmias, for example, included only 1%
women.101 GESICA (Grupo de Estudio de la Sobrevida en la

Insufficiencia Cardiaca en Argentina) investigated the
effects of low-dose amiodarone on mortality in patients
with chronic heart failure (EF �35%) without symptomatic
arrhythmias. Although only 19% of the patients studied here
were women, the subgroup analysis determined comparable
reduction of mortality and hospitalization rates in men and
women.102 EMIAT (European Myocardial Infarct Amiodarone
Trial) and CAMIAT (Canadian Amiodarone Myocardial
Infarction Arrhythmia Trial), which studied the effect of
amiodarone after myocardial infarction, likewise included
only a small percentage of women: 16 and 18%, respectively.
These studies did not conduct gender-specific analyses.103,104

A retrospective analysis of the Multicenter UnSustained
Tachycardia Trial (MUSTT) compared prophylactic defibrilla-
tor implantation with antiarrhythmic therapy for inducible
patients. The study determined no gender-specific differ-
ences with respect to the risk of arrhythmogenic death,
cardiac arrest, or overall mortality for female (14% included)
and male (86% included) patients with coronary heart
disease, reduced ejection fraction (,40%), and spontaneous,
non-sustained ventricular tachycardia.105

Although data available support the general conclusion
that women more frequently develop antiarrhythmic-
induced pro-arrhythmias than do men, the impact on prog-
nosis of this finding is not definitely clear. This situation
highlights the importance of gender-specific analysis, as
well as the inclusion of sufficient numbers of women, in
studies investigating antiarrhythmic drugs.

Acetylsalicylic acid

Gender-specific differences in the pharmacokinetics of acetyl-
salicylic acid have been known for many years. The bio-
availability of acetylsalicylic acid is greater in women than
in men, owing to slower clearance and, in turn, significant
prolongation of half life.106 This gender-specific difference
is assumably the result of greater activity of the degradation
pathway via conjugation with glycine and glucuronic acid in
men. As oral contraceptives can stimulate these degradation
pathways, the difference in bioavailability of acetylsalicylic
acid disappears in women under hormonal contraception.107

In vitro data suggest that aspirin results in greater inhibition
of thrombocyte aggregation in men than in women.
Testosterone in vitro intensified aspirin-induced inhibition
of platelet aggregation, whereas oestradiol showed no rel-
evant influence.108

It is questionable whether these gender-specific differ-
ences possess clinical relevance. The benefits of acetylsa-
licylic acid for women and men are well documented for
secondary prevention of cardiovascular disease. Aspirin
reduces the incidence of myocardial infarction, stroke,
and cardiovascular death by 25% in women and men.109

Similarly, the benefits of acetylsalicylic acid are equally
well confirmed for women and men in acute therapy of myo-
cardial infarction.110

In contrast to men, the significance of aspirin in primary
prevention in women is less clear. There is some evidence
of protective benefits of aspirin for women as well: the epi-
demiological Nurses’ Health Study revealed significant
reduction in the risk of myocardial infarction among
women who took one to six aspirin per week.111 Of the ran-
domized studies on acetylsalicylic acid in primary preven-
tion, only HOT and Primary Prevention Project (PPP)
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included women. In the HOT study, acetylsalicylic acid
reduced fatal and non-fatal myocardial infarction by 36%;
the gender-specific analysis disclosed no significant
reduction in myocardial infarction in women.76 In the PPP
study, aspirin reduced cardiovascular events by 23% in the
total group of men and women.112 A recent analysis of the
Women’s Health Study, including 39 876 women over the
age of 45, described that aspirin, although it significantly
reduced the risk of stroke by about 24%, did not influence
the risk of myocardial infarction or mortality. It was only
in the subgroup of older women (.65 years) that aspirin
was effective as well in the primary prevention of cardiac
events (Figure 4 ).113

Neither HOT nor PPP evaluated the risk of gastrointestinal
haemorrhage associated with aspirin by gender. The
Framingham Heart Study examined acetylsalicylic acid
(325 mg per day) as a predictor for severe haemorrhage
and did not show a significant difference in haemorrhage
risk between women and men.114

Clopidogrel

Clopidogrel, which prevents ADP-mediated thrombocyte
activation, is a pro-drug. The active metabolite, a thiol
derivative, is formed from oxidation of clopidogrel by the
hepatic isoenzymes CYP2B6 and CYP3A4, and by subsequent
hydrolysis. Production of the inactive primary metabolite, a
derivative of carboxyl acid, takes place predominantly via
CYP1A.115

No significant differences have been observed in plasma
levels of the main circulating metabolite between women
and men.67 Some variability, however, has been described
with regard to clopidogrel-induced inhibition of platelet
aggregation.116 In a small study, there was less inhibition
of ADP-induced platelet aggregation in women, but no
gender-specific difference in prolongation of bleeding time
was observed.67 With the exception of CREDO (Clopidogrel
for the Reduction of Events During Observation), in which
subgroup analyses revealed beneficial effects of a ‘loading
dose’ of clopidogrel that was comparable for women and
men (29% women),117 few clinical studies with clopidogrel
have presented gender-specific analyses. Neither CAPRIE
(Clopidogrel vs. Aspirin in Patients at Risk of Ischaemic
Events), which showed a prognostic advantage of

clopidogrel over aspirin in 19 185 patients (28% women)
with a high risk of ischaemic events, nor CLASSICS (The
Clopidogrel Aspirin Stent International Cooperative Study)
(23% women), which revealed that aspirin plus ticlopidin
was equally effective after stent implantation compared
with aspirin plus clopidogrel, presented evidence of
gender-specific differences.118,119

Statins

Statins only show slight gender-specific differences in phar-
macokinetics. With the exception of pravastatin, rosuvasta-
tin (both without significant CYP metabolization), and
fluvastatin (predominantly CYP2C9 metabolization), all
statins are primarily subject to hepatic metabolism via
CYP3A4 and cerivastatin additionally to metabolism via
CYP2C8.120–125 Consequently, drug interactions with sub-
stances also metabolized via CYP3A4 have to be considered.
In general, plasma concentrations of statins in women are
higher than in men; these differences have been judged so
slight that recommendations for dose adjustment have not
been considered necessary.120–125 Nevertheless, the risk of
adverse drug reactions appears greater in women.
Administration of cerivastatin (since taken off the market)
was associated with unacceptable frequencies of myopathy
and rhabdomyolysis, especially in older, thin women.126 In
pharmacokinetic studies with cerivastatin, older women
had 30% higher maximum plasma levels than older men.122

Although this difference may not be relevant in healthy vol-
unteers, the risk of adverse drug reactions increases with
comorbidity and comedication in patients. One could specu-
late that, in such situations, even only slight to moderate
differences in pharmacokinetic parameters could result in
clinical relevance.
Major primary and secondary prevention studies have

revealed that statins reduce the risks of cardiovascular
events to a degree comparable between women and
men.127 The percentage of women examined in these
studies, however, was only �25%. A major meta-analysis,
which has covered 10 endpoint studies with a total of 79
494 persons, determined a relative risk for severe coronary
events of 0.73 for men and 0.77 for women taking
statins (Figure 5 ).128 Despite the beneficial effects, statins
are employed less frequently in women than in men in

Figure 4 Cumulative incidence of stroke and myocardial infarction under therapy with aspirin (100 mg) vs. control in 39 876 initially healthy women in Women’s
Health Study (with permission from Ridker et al.113).
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primary and secondary prevention of cardiovascular
diseases.129

Summary

Gender-specific differences have not been investigated for
many cardiovascular drugs. If such gender-specific analyses
have been performed, pharmacokinetic differences for
women and men became apparent. Administration of fixed
doses, not adapted to body weight, frequently result in
higher plasma concentrations in women, owing to their
lower distribution volume compared with men. Further
influencing factors in women are hormonal changes and
different activities of a number of drug metabolizing
enzymes. The higher plasma concentrations in women may
be one explanation why female sex is associated with a
greater risk of adverse drug reactions.
Despite these often relevant pharmacokinetic differences

between female and male patients, the impact on pharma-
codynamics is generally moderate. There are only slight
differences concerning the prognostic significance of
primary and secondary preventive cardiovascular thera-
peutic strategies for women and men. It must be
emphasized, however, that women are often under-rep-
resented in endpoint studies. Statements for women are
mostly reached via subgroup, post hoc, or meta-analyses.
In order to assure sufficiently eloquent statements for
women as well, studies should to an increasing degree
take the following aspects into sufficient consideration in
study design and in analysis of findings: The sample sizes
must be adequately large to assure an appropriate inclusion
rate for women, with statistically sufficient power. In
addition, it is essential to determine and analyse data
on hormonal aspects such as concomitant hormone therapy
(e.g. oral contraceptives and hormone replacement).
Owing to the problem of relative overdosing for women
in cases of fixed doses, dosage should to an increasing
extent include dose adaptation on the basis of patient
weight. Finally, already known gender-specific differences

in pharmacodynamics and in complication rates (e.g.
torsades de pointes tachycardia) should be systemati-
cally incorporated into the analysis carried out in such
studies.

The following is a summary of relevant gender-specific
aspects of chronic cardiovascular therapy:

. Women demonstrate higher plasma levels than do men
under b-blockade. Accordingly, reduction in blood pressure
is more pronounced in women, with a smaller increase in
exercise heart rate. With respect to mortality reduction
after myocardial infarction or heart failure, beta-blocker
therapy exhibits similar benefits for women and men.

. Meta-analyses of ACE-inhibitor therapy in heart failure
allow assumption of a tendency in women towards less
effective mortality and morbidity reduction under ACE-
inhibitor therapy. Adverse drug reactions in the form of
ACE-inhibitor cough occur twice as frequently in women.

. Despite appreciable gender-specific pharmacokinetic
differences under calcium channel blockers, the impact
on pharmacodynamics is slight. Reduction in blood
pressure is more pronounced in women than in men.
Clinical endpoint studies have revealed no relevant differ-
ences between women and men with regard to mortality
and morbidity for cardiovascular diseases.

. For digitalis, there is evidence of higher mortality in
female patients with chronic heart failure. The cause is
assumed to be excessive dosage for women.

. Pro-arrhythmic effects in the form of torsades de pointes
tachycardia, as the expression of an acquired long-QT
syndrome, occur in women under antiarrhythmic therapy
significantly more frequently than in men. The significance
of these more frequent pro-arrhythmias on prognosis of
women has not been fully elucidated.

. In secondary prevention of cardiovascular diseases,
therapy with acetylsalicylic acid is equally well documen-
ted for women and men. The benefit of aspirin in primary
prevention of myocardial infarction is less clear for
women.

Figure 5 Relative risk ratios and 95% confidence intervals for major coronary events in women and men in outcome studies, in evaluation of the impact of statins
on major coronary events. Grey bars indicate primary prevention studies. WOSCOP included only men (modified with permission from Cheung et al.128).
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. Pharmacokinetic gender-specific differences with respect
to statins are slight. Despite higher plasma concentrations
in women for a number of statins, there have been no re-
commendations for dose adjustment in women. Primary
and secondary prevention studies have revealed beneficial
effects that are comparable for women and men.
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