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Preface

Sex and gender differences in frequent diseases are more widespread than one may
assume. In addition, they have significant yet frequently underestimated
consequences on the daily practice of medicine, on outcomes and on choice and
efficacy of therapies. Using gender-based approaches improves the quality of
medical care. Understanding differences in symptoms of myocardial infarction
and help-seeking behaviour in women and men leads to a more efficient and faster
therapy in both genders. Knowing, for example, that exercise ECG has different
sensitivity in subgroups of women and men lowers the threshold to use additional
imaging procedures in subgroups of women with suspected cardiac ischemia. The
knowledge that a drug has more adverse effects in one gender will affect dosing and
choice of therapy. Knowing that some prevention strategies are more voluntarily
accepted in women or men will lead to the design of gender-specific campaigns that
are more efficient than global approaches.

Efficient pharmacotherapy is affected by pharmacokinetics, resorption, metabo-
lism, distribution and excretion of a drug. These depend on body weight and
composition, enzyme activities, organ perfusion and others, all of them differing
significantly in women and men. In addition, efficacy and efficiency of drug therapy
depend on underlying pathophysiology of a disease. Women and men are clearly
similar in most of these parameters (as are mice, pigs and dogs to human) and
therefore the majority of drugs that are developed in rodents work in humans of
both sexes. Nevertheless, subtle and less subtle differences exist in brain function,
in ion channels of heart and kidney, in energy and bone metabolism, in immune
responses and in many more. They are due to acute “activational” effects of sex
hormones as well as to “organisational” effects that sex hormones exert in utero in
the developing foetus, leading to persisting epigenetic marks, and to differences in
chromosomal activation between women and men. Disease-associated genes on X
and Y chromosomes and sex-specific effects of genetic polymorphisms contribute
to sex-specific disease susceptibility.

The more and more we are advancing and refining drug therapy, the more we
have to adjust to these subtle differences. Therefore, optimizing drug therapy
requires understanding of sex differences in pathophysiology. In addition to sex,
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age and related hormonal status play a role. In cycling animals and in cycling
women, the phase of the cycle influences a number of physiological parameters
outside the reproductive organs.

Gender differences in disease manifestations also determine pharmacotherapy.
If the pain threshold is low or a disease is considered life threatening, medications
will be started earlier. If a risk factor is underestimated in one gender or gender-
specific symptoms are not recognized, treatment may be delayed. Prescription
habits depend on gender of patients and physicians and their interaction. Finally
the estimated prevalence of a disease in the population influences attitudes in drug
development and public health. Gender-based factors also determine the access to
health care and the attitudes towards novel drugs.

This book aims at presenting the bases for sex- and gender-sensitive drug
development and pharmaceutical therapy. We present sex and gender differences
in mechanisms of disease, in pharmacokinetics, in drug development and use and in
different therapeutic areas such as cardiology, neuropsychiatry, obesity and diabe-
tes, anaesthetics and pain medication, anti-inflammatory and anti-rheumatic ther-
apy and others. This book provides guidance for the practicing physician, for
researchers in drug development, for insurance providers and for health-care
authorities. We hope it will stimulate enthusiasm for novel aspects in pharmaco-
therapy that deserve greatest attention: sex and gender differences.

Berlin, Germany Vera Regitz-Zagrosek



Contents

Part I Sex Differences in Mechanisms of Disease

Sex and Gender Differences in Clinical Medicine . . . .. ............. 3
Vera Regitz-Zagrosek and Ute Seeland

Sex Differences in Animal Models for Cardiovascular Diseases
and the Role of Estrogen . . .. ....... ... .. ... ... .. ... ......... 23
S. Mahmoodzadeh, D. Fliegner, and E. Dworatzek

Sex Differences at Cellular Level: “Cells Have a Sex”. ... .......... 49
Elisabetta Straface, Lucrezia Gambardella, Marta Brandani,
and Walter Malorni

What a Difference an X or Y Makes: Sex Chromosomes,
Gene Dose, and Epigenetics in Sexual Differentiation. . ............ 67
Arthur P. Arnold, Xuqi Chen, and Yuichiro Itoh

Part II Sex Differences in Pharmacokinetics, in Drug Development
and Use

Sex Differences in Drug Effects: Interaction with Sex Hormones
inAdultLife. .. ... ... ... . ... . 91
Ilaria Spoletini, Cristiana Vitale, Walter Malorni,

and Giuseppe M C Rosano

Sex and Gender in Adverse Drug Events, Addiction,

and Placebo. ... ... ... ... . ... ... 107
Flavia Franconi, Ilaria Campesi, Stefano Occhioni, Paola Antonini,

and Michael F. Murphy

vii



viii Contents

Considerations of Sex and Gender Differences in Preclinical
and Clinical Trials. . .. ... ... .. . . . . . 127
Limor Raz and Virginia M. Miller

“Gender-Specific Drug Prescription in Germany”’ Results

from Prescriptions Analyses. . . ............................... 149
Gerd Glaeske, Cornelia Gerdau-Heitmann, Friederike Hofel,

and Christel Schicktanz

Gender and Polypharmacotherapy in the Elderly:
A Clinical Challenge . . . .. ... ... ... . . . . . . .. 169
Christina Hofer-Diickelmann

Role of Physician Gender in Drug Therapy. ..................... 183
1. Gouni-Berthold and H.K. Berthold

Part III Sex Differences in Different Therapeutic Areas

Sex and Gender Differences in Cardiovascular Drug Therapy. .. ... .. 211
Ute Seeland and Vera Regitz-Zagrosek

Sex and Gender Aspects in Antiarrhythmic Therapy............... 237
Junko Kurokawa, Masami Kodama, Tetsushi Furukawa,
and Colleen E. Clancy

Sex and Gender Aspects in Anesthetics and Pain Medication. . . . . . .. 265
Ilaria Campesi, Marco Fois, and Flavia Franconi

Psychopharmacological Treatment of Mood and Anxiety
Disorders During Pregnancy . ... ......... ... ... ... .. ....... 279
Stephanie Kriiger

Obesity and Diabetes . . . . ............ . ... . ... ... . .. .. . ..., 307
Alexandra Kautzky-Willer and Rosa Lemmens-Gruber

Adrenal Disorders. . .. ....... ... ... ... .. . .. .. 341
Alois Gessl, Rosa Lemmens-Gruber, and Alexandra Kautzky-Willer

Thyroid Disorders. . .. ........... ... . . 361

Alois Gessl, Rosa Lemmens-Gruber, and Alexandra Kautzky-Willer

Sex-Specific Differences in Type 2 Diabetes Mellitus
and Dyslipidemia Therapy: PPAR Agonists. . .. .................. 387
Verena Benz, Ulrich Kintscher, and Anna Foryst-Ludwig

Sex Differences in the Drug Therapy for Oncologic Diseases . . . . .. ... 411
Oliver Schmetzer and Anne Florcken

Sex Differences in Effects and Use of Anti-inflammatory Drugs. . . ... ... 443
Svitlana Demyanets and Johann Wojta



Contents

Treatment of Irritable Bowel Syndrome: Sex and Gender

Specific Aspects. . . ... . ..

Ulrike VoB, Anne Lewerenz, and Karen Nieber

Sex Differences in Prophylaxis and Therapeutic Treatments

for Viral Diseases . . . . ...... .. ... .. .. . .

Sabra L. Klein

Gender Differences in Anticoagulation and Antithrombotic

Therapy . . . ...

Ursula Rauch

Pharmacology and Clinical Use of Sex Steroid Hormone

Receptor Modulators. . . .......... ... ... . ... .. ... . . .. ...

A. Cleve, K.-H. Fritzemeier, B. Haendler, N. Heinrich, C. Moller,
W. Schwede, and T. Wintermantel






Part 1
Sex Differences in Mechanisms of Disease



Sex and Gender Differences in Clinical Medicine

Vera Regitz-Zagrosek and Ute Seeland

Contents

T INtrodUCHION ..ot
2 Sex and Gender in Frequent DiS@ases ... ......oouiiiiiiiiiiiiiiii et

2.1
22
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14

Cardiovascular DISEASES .......o.ueeiuuitiitt it
Heart Failure ........oooiiiiiiii e
Chronic Coronary Artery DiSEases ........cceeeieitiiimiiiiiiiiiiiieeeeann.
Myocardial Infarction .............oooiiiiiiiiiii e
HyYPEeITeNSION . ...ttt e
Cardiomyopathy . .....oooiiiiii e
Atrial Fibrillation ...
Pulmonary DiSEases ......coovinuiuiiiiitttttiii e
Gastroenterology and Hepatology ..........uuiiiiiiiiiiiiiiiiin e
J 5] 11 0] 10 . 2
Autoimmune DISEaSes ......co.uuiiniiii i e
Endocrinology—Diabetes Mellitus ............c..ueiiiiiiiiiiiiiiiiiiii i
Hematology—Oncology ......oooiiiiiiiiiiiiii e
NEUTOLOZY oottt ettt ettt e e

3 Gender Differences in Medical Therapy ............oooiiiiiiiiiiiiiii e

3.1

Rationale .. .....ooiiiiiii ittt

3.2 Drug Development and TeStING . .....ooveeeitttttittitiiiiiie e
3.3 Gender Differences in Management ..............ccoeeeiiiiiiiiiiiiiiiiiiiiiieeeee...
34 GUIdElINES ...ovviiiiii i
3.5 Guidelines for Cardiovascular Diseases in Pregnancy .........................o.o...
4 Gender and Personalized Medicine ..............ooiiiiiiiiiiiiiiii i
S CONCIUSION . ..ttt et

References

V. Regitz-Zagrosek (P<)) » U. Seeland

Institute for Gender in Medicine (GiM), Center for Cardiovascular Research (CCR),
Charité — Universitatsmedizin Berlin, Hessische Str. 3-4, 10115 Berlin, Germany
e-mail: vera.regitz-zagrosek@charite.de

V. Regitz-Zagrosek (ed.), Sex and Gender Differences in Pharmacology,
Handbook of Experimental Pharmacology 214, DOI 10.1007/978-3-642-30726-3_1,
© Springer-Verlag Berlin Heidelberg 2012


mailto:vera.regitz-zagrosek@charite.de

4 V. Regitz-Zagrosek and U. Seeland

Abstract Sex and gender differences in frequent diseases are more widespread than
one may assume. In addition, they have significant yet frequently underestimated
consequences on the daily practice of medicine, on outcomes and effects of
therapies. Gender medicine is a novel medical discipline that takes into account
the effects of sex and gender on the health of women and men. The major goal is to
improve health and health care for both, for women as well as for men. We give in
this chapter an overview on sex and gender differences in a number of clinical areas,
in cardiovascular diseases, pulmonary diseases, gastroenterology and hepatology, in
nephrology, autoimmune diseases, endocrinology, hematology, neurology. We dis-
cuss the preferential use of male animals in drug development, the underrepresenta-
tion of women in early and cardiovascular clinical trials, sex and gender differences
in pharmacology, in pharmacokinetics and pharmacodynamics, in management and
drug use. Most guidelines do not include even well-known sex and gender
differences. European guidelines for the management of cardiovascular diseases in
pregnancy have only recently been published. Personalized medicine cannot replace
gender-based medicine. Large databases reveal that gender remains an independent
risk factor after ethnicity, age, comorbidities, and scored risk factors have been taken
into account. Some genetic variants carry a different risk in women and men. The
sociocultural dimension of gender integrating lifestyle, environment, stress, and
other variables cannot be replaced by a sum of biological parameters. Because of
this prominent role of gender, clinical care algorithms must include gender-based
assessment.

Keywords Gender ¢ Sex ¢ Cardiovascular diseases ¢ Clinics * Management ¢
Drugs ¢ Pharmacology

Abbreviations

ECG  Electrocardiogram

CAD Coronary artery disease

NO Nitric oxide

HCM  Hypertrophic cardiomyopathy
DCM Dilated cardiomyopathy
HCV  Hepatitis C virus

HBV  Hepatitis B virus

1 Introduction

The Institute of Medicine in the USA declared repeatedly that being a woman or
being a man significantly influences the course of diseases and therefore this fact
must be considered in diagnosis and therapy. This statement aimed mainly at the
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Fig. 1 Complex interdependency of sex and gender in the human (reprinted with permission from
sex and gender aspects in clinical diseases, Eds Sabine Oertelt-Prigione and Vera Regitz-
Zagrosek, Springer, 2011)

biological differences among female and male animals, or human beings, i.e., sex
differences. These are based on differences in sexual hormones, in sex
chromosomes and sex-specific gene expression from autosomes. They lead to
obvious differences in body composition, in metabolism and physiology and
pathophysiology of diseases that are reviewed below. However, gender differences
are equally important; gender is the result of a sociocultural process. Gender is
associated with behavior, with stress- and lifestyle-associated factors and diseases.
It determines access to health care, help-seeking behavior, and individual use of the
health care system. For example the use of preventive measures, referral for or
acceptance of invasive therapeutic strategies like pacemaker implantation or heart
transplantation is largely determined by gender.

In the medical field, sex and gender are closely interrelated. On one hand, sex
influences gender roles, i.e., testosterone determines aggressive behavior that may
be associated with risk-seeking and negligence of prevention. On the other hand,
gender roles, e.g., professional exposition to stress, poor nutrition, environmental
toxins or endocrine disrupters may lead to genetic or epigenetic modifications that
affect gene expression differently in women and men and thereby modulate the
biological phenotype (Fig. 1).

Gender medicine is a novel medical discipline that takes into account the effects
of sex and gender on the health of women and men. The major goal is to improve
health and health care for both, for women as well as for men. It is based on the
hypotheses that both genders benefit from differentiated approaches and better
understanding of their specific pathophysiology. In the present chapter, we briefly
outline sex and gender differences in clinical manifestations of frequent diseases. A
more detailed discussion is found in the novel clinical teaching book “Sex and
Gender Aspects in Clinical Medicine” (Oertelt-Prigione and Regitz-Zagrosek
2012).
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2 Sex and Gender in Frequent Diseases

A large number of SG differences exist in cardiovascular diseases, pulmonary
diseases, gastroenterology and hepatology, in nephrology, autoimmune diseases,
endocrinology, hematology, neurology, in pharmacokinetics and pharmacody-
namics. The most recent clinical teaching book assembles the relevant literature
on sex and gender in these disciplines (Oertelt-Prigione and Regitz-Zagrosek
2012). It is based on a systematic review of the literature that was undertaken
in a 2-year-long project by the members of the Institute of Gender in Medicine at
Charité Berlin. Sabine Oertelt-Prigione, Vera Regitz-Zagrosek, and coworkers
identified more than 10,000 articles dealing with sex and gender differences in
clinical medicine and classified them according to major disease entities, epide-
miology, pathophysiology, clinical manifestations, outcomes, and management.
In each clinical field, about six major diseases were investigated for sex and
gender differences (Table 1).

2.1 Cardiovascular Diseases

Cardiovascular diseases are now a major cause of death in women and men in all
Western societies (Fig. 2a). Women die more frequently from cardiovascular
diseases than men whereas men die more frequently from cancer. In the heart
disease and stroke statistics (Rosamond et al. 2008), it is well documented that
in the USA 454,613 women and 409,867 men died from cardiovascular diseases
in a single year. Among causes of death, heart failure, chronic ischemic heart
disease, and myocardial infarction are most prevalent, in Germany as well as in
the USA (Fig. 2b).

2.2 Heart Failure

Heart failure is one of the most common cardiac diseases that exhibits significant
gender differences. It affects about 10 % of all 70-year olds. Healthy women and
men at age 55 have a likelihood of 1:4 or 1:3 to develop heart failure later in life.
Heart failure patients have a mean life expectancy below 5 years, the same as
patients with malignant disease. Prognosis in heart failure in the Framingham Study
improved over the last 50 years and was better in women than in men (Levy et al.
2002). In spite of higher mortality in men, the total number of heart failure deaths is
higher in women due to the overall longer lifespan in women. In the Euro Heart
Failure Survey systolic heart failure was found predominantly in men, whereas
women presented with heart failure with preserved ejection fraction. Major risk
factor for heart failure in men is coronary artery disease, whereas in women
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Fig. 2 (a) Percentage breakdown of deaths for men and women in Germany (Statistisches
Bundesamt, Robert Koch Institut Berlin; 2005). Total may not add to 100 because of rounding.
Cardiovascular diseases are the main cause of death for men and women in western industry
nations. (b) Major causes of death in women and men (Statistisches Bundesamt, Robert Koch
Institut Berlin, 2007). Chronic ischemic heart diseases are the main cause of death for women. In
absolute numbers more men than women die of acute myocardial infarction

hypertension and diabetes are most prevalent risk factors. Sex differences in
pathophysiology are not well studied. Gene expression profiling in end-stage failing
human hearts reveals less down-regulation of energy metabolism in female hearts
and more matrix induction in male hearts. Estrogen receptors are present in the
myocardium of both sexes, in nuclear and extranuclear localizations, and change



Sex and Gender Differences in Clinical Medicine 9

their localization in heart failure (Mahmoodzadeh et al. 2006). Clinical manifesta-
tion in heart failure is quite similar among women and men. Women have a lower
prevalence of atrial fibrillation (Benjamin et al. 1994).

Women have more frequently heart failure with normal systolic function
whereas men present more frequently with heart failure with reduced ejection
fraction. Survival is comparably poor in both forms. A major cause of sex
differences is calcium signaling, nitric oxide (NO) synthesis, and profibrotic
mechanisms. This depends partially on estrogens and androgens. Nevertheless
women do have a better outcome than men (Regitz-Zagrosek et al. 2010a).

2.3 Chronic Coronary Artery Diseases

Sex and gender differences in coronary artery disease are known since long.
Women with coronary artery disease (CAD) are about 10 years older than men.
Diabetes is a greater risk factor in women than in men. Genetic risk factors for
chronic coronary artery disease differ in women and men. There is a locus on the
Y-chromosome that determines the risk for coronary artery disease only in men not
in women (Charchar et al. 2012).

Pathophysiology between women and men is also different. Men exhibit more
main stem stenosis and more triple vessel disease. In contrast, women present more
frequently the single vessel disease. They also exhibit more disturbances of the
microcirculation and more angina with normal coronary artery disease. This phe-
nomenon has been called syndrome X earlier and is poorly understood in patho-
physiology. However, some imaging studies clarified that it is well associated with
myocardial ischemia and metabolic markers of disturbed myocardial energy metab-
olism in a significant percentage of patients (Buchthal et al. 2000). Endothelial
dysfunction in the coronaries can be documented by a reduced vasodilating
response to intracoronary. If present, this predicts poor outcome (Johnson et al.
2004). The syndrome is characterized by high morbidity, recurrence rate, and
treatment costs (Lang et al. 2005).

Women appear to have a greater capability of vascular regeneration. Circulating
stem cells increase after estrogen stimulus and stem cell function is increased by
estrogen (Zenovich et al. 2008; Nelson et al. 2007).

The exercise ECG is quite frequently misleading in women for not fully under-
stood reasons. However, imaging strategies by echo, szintigraphy or magnetic
resonance imaging are of similar high value in both genders. Recommended
medical therapy does not differ in both genders; and percutaneous coronary inter-
vention is successful in both. However, it is more often accompanied by bleeding
complications in women than in men. Women do have a greater mortality after
coronary bypass surgery (Regitz-Zagrosek 2006). The FRISK Study has suggested
that women respond less well to aggressive early revascularization in the case of
acute angina or acute coronary syndromes. This has however been revised by new
studies (Regitz-Zagrosek et al. 2011).
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2.4 Myocardial Infarction

Myocardial infarction is considered a disease of men, but it kills almost as many
women as men (Rosamond et al. 2008). Women experience the majority of
myocardial infarctions about 10 years later than men. Nevertheless, their longer
life period leads to the fact that they undergo a very similar absolute number of
myocardial infarctions compared with men.

It is now well accepted that the incidence of MI declines worldwide in all parts of
the population expect in young women. Nevertheless, young women do have a higher
mortality after a first myocardial infarction than age-matched men. This holds also
true for increased mortality of younger women after coronary bypass graft surgery.
Women and men differ in triggers for myocardial infarction. Psychological stress is
more important in women; heavy exercise is more common in men. Women and men
also differ in symptoms of myocardial infarction. Women appear to experience a
greater variety of symptoms, more so-called atypical syndromes and more vagal
activation signs than men (Regitz-Zagrosek 2011). In contrast there is a much higher
likelihood for ischemic sudden death in men. Women receive less guideline-based
diagnosis and less invasive treatment for MI than men. Social stress is a major
determinant of re-infarction after a first MI in women (Regitz-Zagrosek 2006).

2.5 Hpypertension

Hypertension is more frequent in young men than in women but increases steeply
after the menopause in women. Pulse pressure increases during lifetime in women.
Since white coat hypertension is more frequent in women than in men, women may
benefit more than men from 24 h ambulatory blood pressure monitoring. Women and
men also differ in the pathophysiology of hypertension. Sex differences exist in the
activation of the sympathetic nervous system, renin—angiotensin, and endothelium
system. Sex differences in vascular activity explain some of the sex differences in
age-dependency in hypertension. Androgens increase and castration decreases blood
pressure in male animals by renal vascular and other mechanisms (Reckelhoff et al.
1999; Singh et al. 2007). The endothelial pathway and the NO system contribute
more to the vasoconstriction in men than in women. In contrast, the role of NO in
vascular relaxation is more pronounced in women (Kahonen et al. 1998). The
renin—angiotensin system is also sexually dimorphic. It appears that endogenous
estrogens may inhibit the hepatic angiotensinogen synthesis. In contrast, testosterone
appears to increase renal and hepatic transcription of angiotensinogen. Women have
twice the aldosterone response that men have. This phenomenon appears to worsen
with age. Production of free-oxygen radicals that correlate with hypertension and
atherosclerosis incidence appears reduced in women because of modulation of
NADPH oxidases by estrogens (Wang et al. 2006). For yet unknown reasons,
hypertension and myocardial hypertrophy are relatively greater risk factors for
heart failure in women than in men (for review: Regitz-Zagrosek 2006).



Sex and Gender Differences in Clinical Medicine 11
2.6 Cardiomyopathy

Cardiomyopathies occur slightly more frequently in men than in women (ratio 1.5:1
or 2:1).

Among the cardiomyopathies, hypertrophic cardiomyopathy (HCM) is the most
frequent in the population with a rate of 1:500 or 1:2,500 per live birth. It is slightly
more frequent in men and men have reported to exhibit a more severe phenotype. In
dilated cardiomyopathy (DCM), most studies report women:men ratios between 1:2
and 1:3 (Codd et al. 1989). Peripartum CMP is a rare disease, but a leading cause of
maternal mortality in Western countries. It occurs obviously only in women, and is
considered as an own disease entity. Tako-Tsubo cardiomyopathy affects almost
only women.

In pathophysiology, a greater role for autoimmunity in dilated cardiomyopathy
has been found in men than in women (Regitz-Zagrosek 2012). In animal models,
for genetic cardiomyopathy, female animals in general have a much better survival
and develop less hypertrophy and heart failure than male animals. Frequently, the
male phenotype can be rescued by estrogen. Sex differences have been reported in a
TNF alpha-cardiomyopathy model, in a transgenic mouse model with cardiac
overexpression of the beta-adrenergic-receptor and in alcohol-induced cardiomy-
opathy in mice and specifically in transgenic mice overexpressing alcohol dehydro-
genase. Increased sensitivity to the cardiotoxic effects of ethanol in women has
been translated to the clinical setting. In contrast, in transgenic mice overexpressing
platelet-derived growth factor C, females fare worse than males.

As in heart failure women with cardiomyopathies and systolic failure receive
less invasive treatment devices or organ transplant than men. Nevertheless, women
with cardiomyopathies and systolic heart failure display better survival than men.

2.7 Atrial Fibrillation

More women than men live with atrial fibrillation because of age dependency and
greater longevity in women. Atrial fibrillation increases embolic risk more in
women than in men. Women receive less anticoagulation with warfarin; women
risk more bleeding complications with different forms of anticoagulation.

2.8 Pulmonary Diseases

Asthma incidence appears increased in young boys compared to girls and this ratio
reverses over time as women appear predominantly affected in young adulthood
and men at older age (Manfreda et al. 2004; Grohe 2012). Symptoms tend to be
more severe in female adolescents. In seniors significant gender differences can
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be found in symptom presentation, in the obstructive pattern and in underlying
allergic potential. Chronic obstructive pulmonary artery disease is a serious prob-
lem in women and men. Due to increasing smoking prevalence in women and a
greater sensitivity of women for tobacco toxicity (Dransfield et al. 2006), it will get
greater relevance there. Drug treatment and response to drug is also affected by
gender. Lung cancer is one of the most frequent solid tumors right now. Its
prevalence in women is raising and will reach the prevalence of men due to changes
in lifestyle and smoking habits (Manton 2000). It appears that a greater sensitivity
to some tobacco toxins and cigarette smoking puts women also at greater risk for
lung cancer than men. Pulmonary hypertension is significantly more frequent in
women than in men, particularly in young women. Some estrogen dependency has
been reported. Nevertheless, the pathophysiology is incompletely understood
(Humbert et al. 2010).

2.9 Gastroenterology and Hepatology

There are estimated over 400 million carriers of hepatitis B virus (HBV) world-
wide, while chronic hepatitis C virus (HCV) infection has reached pandemic
proportions with 170 million individuals estimated to be infected. One of the
most severe consequences of chronic viral hepatitis is hepatocellular carcinoma
which is nowadays the fifth most common cancer. Women and men differ in the
antibody production after infection with hepatitis B or viral clearance after hepatitis
C virus infection (Blumberg 1979). The response to therapy after interferon/ribavi-
rin for HCV is sex dependent with more frequent adverse events in women.

Some specific liver diseases, autoimmune hepatitis, primary biliary cirrhosis,
and primary sclerosing cholangitis have shown to have significantly higher preva-
lence in women compared with men, also nonfatty liver disease.

Inflammatory bowel syndromes are much more frequent in women than in men.
They exuberate in one third of all pregnancies. Sex-specific therapeutic approaches
have been developed (Voss et al. chapter 21). Colon carcinoma is differently
located in women and men. It is more frequently found in the ascending colon in
women and more frequently in the descending colon in men (Garcovich and
Burroughs 2012).

2.10 Nephrology

Women do have a lower capacity to concentrate urine than men and they also
exhibit a lower number of nephrons in their kidney. Women have lower glomerular
filtration rates than men, particularly at older age, even if relation to body surface
area. In stage 3 chronic kidney disease, more women than men are found (Silbiger
and Neugarten 2008). Nevertheless, women experienced more complications of
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kidney failure. They exhibit more frequent anemia, more frequent secondary
hyperparathyroidism, and associated bone damage. Lupus nephritis is more com-
mon in men than in women and displays a more aggressive progression. Glomerular
nephritis also appears to have a more severe course in men. Polycystic kidney
disease is also more prevalent in men and has a worse outcome in men than in
women (Gallieni et al. 2012).

2.11 Autoimmune Diseases

Most autoimmune diseases are more frequent in women than in men (Zandman-
Goddard et al. 2012). Ankylosing spondylitis, or Morbus Bechterew, was
believed to be significantly more frequent in men in earlier times, but now with
advanced diagnostic strategies it becomes clear that the prevalence is similar in
women and men (Lee et al. 2008). The disease exhibits sex differences in the
genetic background and clinical manifestation in women and men. Women have
more frequently a positive family history and may even manifest at younger age.
Systemic lupus erythematodes, however, is more frequent in women than in the
reproductive age in men (9:1). Its severity is affected by serum estrogen concen-
tration. However, male lupus erythematodes patients are reported to have an
increased mortality compared to females. Sjogrens syndrome is also more fre-
quent in women than in men and sex hormone levels have been involved in
pathophysiology. Extraglandular manifestation is also more frequent in women
than in men, particularly fatigue and arthritis. Fibromyalgia is a hardly under-
stood disease. It is more frequent in women than in men, is associated with
psychosocial risk factors like depression, accompanied by altered pain sensitivity.
Rheumatoid arthritis has a 3—4:1 distribution in women and men. It is affected by
hormone level changes, e.g., during pregnancy. Male patients benefit more from
anti-TNF therapies than females with higher remission rates. For yet unknown
reasons, in rtheumatic diseases there is a significant diagnostic delay in women in
comparison to men.

2.12 Endocrinology—Diabetes Mellitus

Gender differences in incidence and prevalence of diabetes mellitus are small and
in part controversial (Kautzky-Willer 2012). However, prediabetes is characterized
by a higher prevalence of impaired glucose tolerance in women and a greater
prevalence of increased fasting glucose levels in men (DECODE 2003). Diabetes
carries a greater risk for coronary artery disease in women than in men and is also
associated with a greater risk of mortality after a myocardial infarction. In patients
with the metabolic syndrome, inflammatory markers have a strong impact on
prognosis in women. Thyroid diseases and antithyroid antibodies are more common
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in women than in men. However male sex is a risk factor for thyroid cancer.
Osteoporosis is more frequent in women than in men. Osteoporosis is frequently
underdiagnosed and represents a frequent hidden cause of hip fracture in men.

2.13 Hematology—Oncology

Women are more frequently affected by all forms of anemia; iron deficiency is a
frequent cause (Schmetzer and Florcken 2012). Women have more bleeding
complications when undergoing invasive therapies (in the coronary arteries) or
experience more bleeding upon administration of warfarin. Anti-platelet therapies
may act differently in women and men. With chemotherapy, women experience
more adverse effects than men.

2.14 Neurology

In younger age (<55 years), fewer women than men have prevalent stroke. In older
age (>65 years), 2-3 times as many women have a prevalent stroke than men
(Nolte et al. 2012). Stroke mortality may be higher in very old women (>85 years).
However, as women on average get older than men, the absolute number of deaths
due to stroke is higher in women than in men. Nowadays, strokes are affecting more
and more younger women and this may shift the distribution that we know so far.
Atrial fibrillation is a greater risk for stroke in women than in men (Dagres et al.
2007; Nolte et al. 2012). Alzheimer’s disease is more and more frequent in women
and more frequently associated with depression.

3 Gender Differences in Medical Therapy

3.1 Rationale

The effects of pharmacological interventions differ in women and men. Significant
differences in pharmacokinetics and pharmacodynamics have been established due
to lower body surface in women but also to differences in drug resorption, metabo-
lism by hepatic enzymes, kidney function, and excretion. Many drugs require
different doses in women and men for optimal effects. In addition, differences in
pharmacodynamics are also evident. Ion channels in heart and kidney, brain
function, energy and bone metabolism, immune responses differ between women
and men and this may cause sex-specific effects of drugs that are used to modify
kidney function or heart rhythm. Major sex and gender differences have been
reported for the efficiency and adverse effects of heart failure drugs, like digitalis,
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ACE inhibitors, and anti-arrhythmics. Sex and gender differences have also been
found in analgesic and neuropsychiatric drugs, in anticancer drugs, cardiovascular
drugs, in the effects anti-TNF-alpha and antiviral. Thus, considering sex and gender
differences in drug development and testing will increase the likelihood to identify
drugs that fit both genders.

3.2 Drug Development and Testing

Drug development is characterized by the fact that most research is done in male
animals (Zucker and Beery 2010). However, significant differences exist in the
outcomes of male and female mice in models of myocardial infarction, pressure
overload and genetic cardiomyopathies (Czubryt et al. 2003; Regitz-Zagrosek
2006; Fliegner et al. 2010) that are often not even considered by the researchers.
Most cardiovascular researchers use only male mice (Zucker and Beery 2010).
Female mice do have better outcome in most models of pressure overload, in
transgenic models for heart failure, and in myocardial infarction whereas males
do have a more impressive and severe phenotype. In many cases the male pheno-
type can be rescued by administration of estrogen. Because of the more severe
phenotype, therapeutic effects in males are likely to be greater. In the extreme, a
drug may have a major effect in males and may not be effective in females at all.
However, even a single gene mutation can vary in its effect in male and female mice
and is also dependent on the nutrition, i.e., phytoestrogens supplied in the animal
chow (Luczak et al. 2011; Bhupathy et al. 2010).

In addition, adequate animal models for menopause transition are lacking.
Mostly, ovarectomy in young female mice is used. This occurs suddenly and affects
all ovarian tissues, including testosterone synthesizing stroma cells and not only
ovarian follicles are slowly degenerating as it is the case in natural menopause.
Therefore a new model has recently been developed.

3.2.1 Clinical Trials in Women

Major efforts have been made to increase the participation of women in all types of
clinical trials. However, studies published in 2008 concluded that women were still
not included in mixed sex cardiovascular trials in numbers that reflect the disease
prevalence among the general population (Kim et al. 2008, 2010). A 2005 study of
300 new drug applications between 1995 and 2000 found that even those drugs that
showed substantial differences in how they were absorbed, metabolized and
excreted by men and women had no sex specific dosage recommendations on
their labels (Anderson 2005). This may be the reason that women are 1.5- to
2-fold more likely to develop an adverse reaction to prescription drugs than men
(Zopf et al. 2008). In an assembly of 48 cohort studies for novel drugs in Great
Britain, women had a 1.6-fold higher risk for adverse reactions than men (Martin
et al. 1998). Even based on the most recent investigations, women are still not
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Table 2 Gender differences in management

Women with coronary artery disease I receive less guideline-based Regitz-Zagrosek
diagnosis and less invasive treatment than men (2006)

Women with heart failure receive less guideline-based diagnostic Regitz-Zagrosek et al.
procedures and treatments, less device implantations, and heart (2010b)
transplantations. Nevertheless, women do have a better outcome
than men

Women at risk for stroke receive less anticoagulation with warfarin, Agarwal et al. (2010)

even so women have a greater risk for stroke when atrial fibrillation
occurs

Women obtain dialysis later than men, less kidney transplant, both Kausz et al. (2000) and
from living and cadaveric donor Jindal et al. (2005)

Significant delay in referral of female patients with rheumatoid Zandman-Goddard
arthritis to an early arthritis clinic in comparison with male patients et al. (2012)
is found

Osteoporosis and depression are considered female diseases. Both Kautzky-Willer (2012)

may be underdiagnosed in men

adequately represented in clinical trials. They are particularly underrepresented in
the area of cardiovascular diseases and in early studies (Melloni et al. 2010);
(O’Connor et al. 2010a, b).

3.3 Gender Differences in Management

Studies that analyzed use of drugs in heart failure (Baumhakel et al. 2009) or
coronary artery disease (Bischoff et al. 2006; Geller et al. 2007) found
undertreatment of women with evidence-based therapies. Moreover, undertreatment
of women is most pronounced by male physicians in cardiovascular field
(Baumhakel et al. 2009; Journath et al. 2008), for diabetes (Berthold et al. 2008),
and in gynecology (Lurie et al. 1993). In Europe, women receive less echocardiog-
raphy in heart failure, less angiography in coronary artery disease, less percutaneous
coronary interventions, and bypass surgery if needed (Daly et al. 2006).

Usually, undertreatment of women is justified by their higher age at manifesta-
tion of disease and it is neglected that biological age and remaining life expectancy
in old women and 68 years younger men are similar. In order to compare persons
with the same biological age, women should be compared with 6-8 years younger
men. Sex differences in management of frequent extracardiac diseases are mani-
fold. Just a few examples are listed in Table 2.

3.4 Guidelines

These significant differences are related to different efficacy of the drugs but also to
differences in administration and use of drugs in the population. First drugs for the
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use in only one gender have been marketed and gender-specific recommendations
on preferred drug use or dosing are developed, for example in the field of
antidepressants or inflammatory bowel disease (Voss et al. chapter 20). Developing
and incorporating these aspects into common management strategies and guidelines
will enhance efficiency of pharmaceutical and interventional therapies.

However, so far the established guidelines are not gender sensitive. Even in
areas where sex and gender differences are clearly described such as the ischemic
heart disease with open coronary arteries, sex differences in symptoms for
myocardial infarction or the different sensitivities to some cardiovascular drugs
or the different forms of prediabetes in women and men (more elevated fasting
glucose in men and more impaired glucose tolerance in women), these are not
adequately considered in the guidelines. A positive example the guidelines for
management of atrial fibrillation that include female sex as an additional risk factor
for stroke (Wann et al. 2011a, b).

3.5 Guidelines for Cardiovascular Diseases in Pregnancy

Guidelines for cardiovascular diseases in pregnancy exist only in the German
Cardiac Society (DGK) as well as in the European Cardiac Society (ESC). They
have been published by the DGK in 2008 and by the ESC in the form of an expert
consensus document in 2003 and as true guidelines in 2011 (Regitz-Zagrosek et al.
2008, 2011). The fact that most recommendations in these guidelines are class C—
expert opinions—made clear how big the deficit under standard pregnancy-related
diseases still is. There is an immense need of research on pharmacotherapy in
pregnancy, on mechanism of pregnancy-related cardiovascular and metabolic and
other diseases. This was also recognized by Nature in their article ‘“Pregnant
women deserve better” (Baylis 2010).

4 Gender and Personalized Medicine

Personalized medicine aims at considering all individual risk factors of a human
being—including ethnicity, lifestyle factors, conventional risk factors, personal
history, as well as genetic predisposition. The weight that is given to genetic
predisposition varies among different protagonists of personalized medicine. How-
ever, since only the conventional and laboratory risk factors as well as gene variants
can easily be quantitatively assessed or scored, most approaches rely mainly on a
combination of these. Some people argue that gender-based medicine will become
irrelevant if all individual factors can be taken into account. However large databases
reveal that gender remains an independent risk factor after age; comorbidities, scored
risk factors, and ethnicity have been taken into account. Some genetic variants carry a
different risk in women and men (Siddiqui et al. 2009; Charchar et al. 2012).
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The sociocultural dimension of gender integrating lifestyle, environment, stress,
and other variables cannot easily be replaced by a sum of biological parameters.

5 Conclusion

Because of the prominent role of gender, it seems mandatory to construct
individualized clinical care algorithms based on individual risk profiles on top of
gender-based assessment.

Take Home Messages

¢ Sex and gender differences in frequent diseases—such as cardiovascular
diseases, pulmonary diseases, gastroenterology and hepatology, in nephrology,
autoimmune diseases, endocrinology, hematology, neurology—are widespread.

* Sex and gender differences have significant consequences on the daily practice
of medicine, on outcomes and effects of therapies.

¢ Gender medicine is a novel medical discipline that takes into account the effects
of sex and gender on the health of women and men. The major goal is to improve
health and health care for both, for women as well as for men.

* Drug development is still preferentially based on male animals and women are
underrepresented in early and cardiovascular clinical trials.

e Management and drug use differs in women and men.

* Most guidelines do not include even well-known sex and gender differences.
European guidelines for the management of cardiovascular diseases in preg-
nancy have only recently been published.

» Personalized medicine cannot replace gender-based medicine. The sociocultural
dimension of gender integrating lifestyle, environment, stress, and other
variables cannot be replaced by a sum of biological parameters.
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