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Of the sexes and their brains

(The neuropsychology of gender differences)

by Claude M.J. Braun,  PhD
Synopsis

This book, Of the sexes and their brains:  The neuropsychology of gender differences,  is an essay in scientific popularization.  Its’ subject matter covers several topics pertaining to differences between men's and women's brains and behavior.   We are accustomed to thinking that sex differences are culturally determined and thus conditioned by experiences of life after birth.  However, stringent and extensive scientific analysis of the causes of sex differences in behavior compel us to recognize and understand that our genetic legacy and our hormonal and brain development before birth are extremely important causes of sex differences in behavior.   Though intellectual and other mental abilities are equivalent,  on the whole, in adult men and women,   each sex presents some relative advantages and disadvantages.   New medical research techniques are now helping us observe fine-grained differences in men's and women’s brains, and many such differences have been found.   These differences are beginning to explain why men and women are at differing risk for various psychiatric disturbances as well as certain disorders of immune function.  Sexual identity, sexual orientation,  and sexual behavior are very different in men and women.  A wide ranging and detailed neurobiological account of these differences is provided in this book.  Sex hormones continue to have important and complex effects on sex differences in brain function and non-reproductive behavior and mental life right up until death.  Such effects are observed,  for example,  in relation to the arrival of puberty,  of childbearing, and of menopause.   One of the fascinating differences between men and women is that the two sides of their brains are anatomically and physiologically organized and connected in a sex-specific manner.   This may in fact be a major key to understanding the hidden causes of sex differences in behavior.

Of the sexes and their brains

       (The neuropsychology of gender differences)

by Claude M.J. Braun,  PhD
Preface

The main purpose of this book is to provide a generally accessible account of what science has to say about the biological causes of sex differences in mental life,  behavior and disease.     What does this book contribute that’s new ?    It covers,  I think,   wider territory than previously published books.   The biopsychology of sex differences has remained,  until now,  somewhat fragmented into compartments   -such as “animal or human endocrinology”, “immunology”, “cognitive neuropsychology”, “sexology”, “psychiatry”,  “developmental neurobiology”, etc.   However,  I attempt to show in the present book  that the sex differences elaborated upon within each of these domains are intricately related to each other.  Such a venture is hazardous.  The brilliant Boston neurologist Norman Geschwind made an attempt  to understand the biopsychology of sex differences from a widely interdisciplinary perspective.   Unfortunately,  his attempt  failed rather miserably.  So the main ambition of this book is to attempt to contribute a wider, deeper and truer synthesis of what is known today of biopsychological aspects of sex differences.  As I gave this pursuit hundreds of hours of thought (based on readings of scientific findings),  it became obvious to me that there have been numerous and coherent evolutionary  pressures,  natural selections,  that have fixed,  over many hundreds of thousands of years,  the biological underpinnings of sex differences in behavior in the human species.   It is thus evolutionary theorizing which provides the coherence and wide scope of this book.

Of course, the scientific approach to complex issues of human experience and behavior presents numerous pitfalls.  One that I find very important, and which I desperately wish to avoid, I call "error of focus".    I believe analysts of human behavior are always at risk for having too narrow an outlook.  This problem is particularly acute and consequential when the scientific experts address themselves to the media and the general public. With regard to the study of sex differences, such narrowness can go two ways:  biological reductionism or sociocultural transcendentalism.  Too much emphasis on evolutionary underpinnings,  on hereditary causation,  on brain mechanisms,  leads to an animalistic simplification of human behavior.  Biological reductionism denigrates the power of culture,  seeking to reduce complex phenomena to their simplest expression.  On the other hand,  too much emphasis on culture,  learning,  attitudes and social roles leads to another type of bias called mentalism.  It puts humanity on a pedestal,  cuts it off from natural science,  deprives it of its prehistory and of its material existence.  

Another pitfall in the study of human behavior, which I have tried hard to step over without tripping into,  is ideological bias.   The specific area of investigation of sex differences is particularly sensitive to political intrigue,  and interestingly,  to self-delusion.  Biological reductionism has, on occasion, aligned itself with right wing conservatism at the hands of men in power in the scientific establishment.   This has certainly been the case in the investigation of racial differences in intelligence. I do believe though that the neuropsychology of sex differences is a special, exceptional,  case.  Some people are worried that the political agenda of neuropsychological study of sex differences might consist of exaggeration of sex differences, validation of antiquated sex roles,  and in the worst cases,  of putting women down (or at least of scoffing at social engineering and political-legislative optimism).   However, I think this misgiving is usually expressed by people who do not know the field.  In fact,  a large (probably the larger) proportion of the research in the domain of the neuropsychology of sex differences has been carried out by women (Bem, Benbow, DeLacoste, Diamond, Hampson, Goldman-Rakic, Gur, Kimura, Levy, Maccoby, McGlone, Reinisch, Rovet, Waber, Weekes, Witelson and many others)  none of whom have given us reason to suspect a dark reactionary motive.  The opposite ideological orientation,  which I term the “sociocultural bias”, tends to be relatively more prevalent among radical feminists,  who often happen to be trained and professionally engaged in the social sciences.  In the worst-case scenario it promotes misandry (hatred of men).  One expression of this is the attribution of men's violence solely to their privileged politico-economic position where the only forms of violence considered are those directed against women -forgetting that men are far more often the victims, as well as the perpetrators, of violence.  Slogans get promoted to the effect that women must take control of (rather than share) all aspects of societal control so as to create a better world.  This attitude is understandable considering that women produce 67% of the work in this world we live in,  obtain 10% of revenues and possess 1% of material goods  -according to a recent United Nations report. However, denunciation and gratuitous ridiculing of biological research into sex differences and attempts to stifle theoretical debate about causes   of sex differences (manifestations that regularly occur in the media) makes me very frustrated and disappoints me tremendously.   I even believe that  hurried rejection of biological research into the psychology of sex differences is to the disadvantage,  in the long run,  of feminism.

So allow me to briefly stake my ground on the two issues of "error of focus" and of ideological bias.   I suppose I am just as biased as anybody else,  but I am convinced, at least,  that the reader will be better oriented (hopefully not prejudiced) to read this book if I put my cards on the table right away.  I am a left-leaning heterosexual man, a sympathizer of feminism, trained evenly in the social and the natural sciences.   I am a biological psychologist, a full time professional scholar, who has conducted lots of empirical research on the neuropsychology of sex differences.  I have been intensely interested in model building in the field for about ten years.   I have published pieces of what you are about to read in dozens of scientific articles and chapters.    

I suspect that my ulterior motive in getting into this field in the first place must have been a spontaneous interest in differences between men and women,  based on a natural propension toward, and awe of,  the «other» sex of juvenile onset.  However,  as is usually the case in science,  most of the relevant scientific material comes from elsewhere than the explicit or main object of interest.   To understand machines,  one has to understand some elementary physics.   To understand pharmacology one has to understand a bit of chemistry.  To understand sex differences,  one has to know something about genetics, neurobiology, endocrinology,  animal research.   On the other hand,  to understand simple things,  one also needs to understand some of the more complex.   Though a beehive is created by relatively simple animals,  bee behavior is better understood when one masters the abstract architectural principles of geodesic domes composed of hexagonal cells -imagined and formulated by the world's best architects.   

Practically all the human sex differences in mentation or behavior mentioned in this book are partly innate, partly learned.   If that were all I had to say on the topic though,  you would be wasting your time reading this book.  The theme I have chosen to cover in this book is the biological dimension of sex differences,  -not  the sociocultural.  However, I acknowledge that I could be helped to better constrain the meaning and importance of the biological mechanisms in question by specialists of social role psychology and cultural anthropology,  and I will gladly profit from such helpful commentary.  The reader is cautioned never to assume that I am implying that there are no sociocultural determinants involved in the behaviors covered in this book.   The reader must keep in mind also that this book usually deals with brains of people living in western culture.   The reason for that is that the relevant research that I have access to has been carried out,  and published, in such western culture.  Brains of people living in other cultures are not necessarily the same.  For example,   the two sides of the brain do not process language in the same asymmetrical manner in cultures with pictographic scripts (certain Japanese and Chinese scripts for example) or in cultures where no script exists at all (oral cultures).  Consequently, certain sex differences observed in brain organization for language in  “western cultures” could be quite specific.  There are many other examples of culturally determined sex differences which probably affect brain organization -including in sex-specific manners,  so the biological particularities of the sexes covered in this book should not be overly generalized.  I have to insist on a final caveat:   many if not most of the biological mechanisms of sex differences I will be describing in this book produce minor (subtle) effects.   If the reader is looking for gross brain determinants of sex differences in mental life and behavior (aside from reproductive), he or she is on the wrong track. Perhaps because there is something esoteric about scientific terms in biology,  small effects may sometimes appear overly impressive.   Consequently, the reader is advised to refrain from exaggeration of the importance of neurobiological sex differences.

The interesting and challenging questions,  the deeply scientific ones in the long term, in my opinion, are the following.   What exactly are the true sex differences,  and to what extent are these universal within the human species,  and even across species ? Exactly how do biological and cultural interactions responsible for sex differences occur ? Which phenomena are more innate and which are more culturally determined, and how so ?  How do these interactions change over time ?  What are the detailed causes  of the phenomena under investigation ?

Finally,  allow me to explain a few additional details of this book's purpose and style.   I wrote this book for the general educated public.   It is designed to be a fast read,  chalk full of up-to-date information,  and integrated into coherent capsules (mini-themes) which hopefully will give food for further thought.  Exemplary cases are frequently presented of medical conditions which are gender specific.  My readership target is people who are just intrigued enough by the topic to be willing to purchase an inexpensive, succinct, state-of-the-art account,  but who have no intention of becoming professional investigators in the field of sex differences.  There are no graphics, no citations, no footnotes which would slow down and complicate the reading and increase the length and cost of the book.   A detailed bibliography of high quality scientific reviews of the main topics of this book is provided,  as are the detailed and specific reports of empirical  research.  I have tried to use everyday language as much as possible.  And short of this,  I have translated technical terms into plain English in parentheses.  Hopefully,  the reader will feel no need to consult a medical dictionary or a scientific encyclopedia. I have used the terms “gender” and “sex” interchangeably in this book,  as have many other authors  in this field    -even though some purists consider that “gender” ought to be reserved for linguistic usage.  I believe it  has helped me make clearer statements in this domain of research and that it has helped me lighten up my prose.    I wish you a happy, relaxed and fulfilling reading.

It is my pleasure to thank those who have helped me prepare this book.    My warm gratitude goes out to Alain St Marseille,  Loïc Villeneuve,  Carolyn Abramovitz,  Danielle Beauregard, Caroline Larocque, and Nicole Weekes  who all graciously provided helpful proofreading of preliminary versions of this book.     My colleague François Labelle graciously created 13 illustrations for this book.

Chapter 1

Development of maleness and femaleness
The evolution of sex differences.    There would be no basis for writing this book if there were not an evolutionary segregation history of the sexes.   Indeed,  male and females of same species co-evolve differentially.   Sex differences can be absolutely spectacular or banale,  depending on the ecological niche of each species.  For example,  whereas human males and females are moderately different in form,  horses are very similar and praying mantises are very different.  So, on the biological scale of sex differences,  humans are somewhere near the middle.   Since the main theme of this book concerns differences between the sexes,  it will be instructive to see to which extent evolution has sometimes created extreme differences between the two sexes of a given species.   

We are accustomed to thinking that evolution proceeds by parentally transmissible mutations.   Any mutation  which confers an advantage to the progeny and to the progeny of the progeny will become more frequent over successive generations,  and deleterious mutations will simply snuff themselves out.   That's the ABC of evolutionary theory.   But how are we to explain the evolutionary mechanism by which a male animal could resemble a member of another species more than the female of its own species ?   It’s as if each sex were a species onto itself.   The key to understanding how sexual dimorphism (differences in form between the two sexes) comes about is in the next section:  it is primarily a matter of sex-chromosomes.   

But before getting into that specific issue,  I want to drive home the point that sexual dimorphism is a rich domain full of surprises throughout the animal kingdom,  and that the study of biological sex differences is  very complex,  not to say treacherous.   This will help the reader be more receptive to the theme of biological sex differences in humans which this book seeks to explore,  and hopefully,  also very critically minded.   First,  we usually think that it is the male which is supposed to be larger than the female.  This, however, is not always the case.  There are species of animals in which the male is much smaller.   For example, in a certain species of deep sea fish, the female is several thousand times larger than the male.  The male actually assumes the ecological niche of a parasite,  hooking itself onto the female, near her brow, for a free ride and a free lunch (leftovers).  It produces the required sperm at the appropriate moment  -thus rendering the type of service that a well adapted parasite should.  A roughly analogous situation is observed in the human organism:  the female germ (ovum) and the male germ (spermatozoid) are like fish to the extent that they inhabit a liquid environment which they swim around in (the female reproductive tract).  The ovum is a giant cell compared to the sperm which is a tiny cell 90,000 times smaller.  Sexual dimorphism is also observed in the insect world.   Praying mantis females are much larger than the males,   and everybody knows their nuptial tale:  the female starts eating the male's head while he is copulating with her,   and she reaches the sexually critical parts just after he has managed to impregnate her  -which he does without his head.  Actually,  this story is now believed by some to be a myth:  the female mantis’s eyesight is so poor that she mistakes the male for a lunch,  but does not usually eat him if he approaches her from behind.  Certain birds present a similar body dimorphism,  jacanases having a larger female than the male.   

We are also accustomed to thinking that it is the male which assumes the role of the hunter or defender of the territory,  at least in mammals.  But this rule also suffers exceptions.   Female lions hunt more than do the males.   Female hyenas defend the territory more than do the males.   It is also thought that males are more colored than females -especially in bird species.  This is not true of humans,  and the contrary is observed, though rarely, in certain species of birds.  Two-toned (calico) cats are more frequently female and single toned cats more frequently male. All of these sexual dimorphisms (well maybe not the cats) speak to mutual adaptations of the two sexes of a given species  -which have the net result of increasing viability of progeny.  That is the fundamental reason why men and women are biologically different, even though some of the biological differences could be fortuitous, as is probably the case of cat-coat color. In fact,  calico cats are female because the fur pigment is determined by a dominant gene located on the X chromosome.   I explain this mechanism in an upcoming section.

One of the most adventurous and also the best treatises I have read on the evolution of sex differences in humans is in the latest and recent revision of a wonderful book by Rhawn Joseph entitled Neuropsychiatry,  Neuropsychology and Clinical Neuroscience.   In this book, Joseph speculates about how recent evolution (the last two million years or so) has led to the basic behavioral sex differences known to exist in modern day humans.  Evolutionary  changes can be understood (or at least speculated about) in terms of adaptations to ecological niches (specific living environments and conditions).   To summarize Joseph’s point of view,  he states that  the big ecological change for hominids (primitive human species),  with respect to emergence of sex differences,  was big game hunting.  This put additional pressure on natural selection toward rapid encephalization for both sexes (successive selection of mutations yielding larger and more efficient brains) and neoteny  (increasingly severe and prolonged helplessness of the human newborn due to the mechanics of encephalization as well as to the newfound ability of big brained mothers to provide intensive and complex caring to the progeny).    Big game hunting led to increased segregation of men’s and women’s activities (childrearing, food gathering and tool making in small quiet female collectives,  and running, hunting and route finding for men).   Men’s bodies and brains became more specialized for visuospatial processing,  physical exertion,  and aggression.   Women’s bodies and brains became more specialized for childbearing,  particularly of newborns with larger heads (thus the wider hips,  and generally less efficient musculature for major physical exertion, other than childbearing of course).  Women’s brains,  claims Joseph, also became more specialized for intimate contact with children and other women (a “necessity” resulting mainly from neoteny).  This would explain, he states, why women,  like most female higher mammals (rats, dogs, monkeys, etc.),  have a more emotionally diverse prosody (voice tone)  and generally vocalize more often,  though less loudly, than men (whose loudness he also relates to imperatives of hunting big game),  and why women willingly and efficiently spend more time with their infants and children.   Another segregated role of primitive women,  Joseph thinks,  was food gathering and tool making in small intimate relaxed groups of females with and without children (thus the emergence of the female disposition to promote,  more than men,  attachment in general).  I add that other commentators consider that these latter activities contributed to better fine coordination in women,  an eventuality which seems to have eluded Joseph.  Joseph even goes as far as to state that the generally acknowledged female superiority in certain verbal domains draws its neurobiological origin from these roles,  involving a lot of “chatter”  - associated with select brain circuits belonging only to women.   Joseph, a man, goes further than any woman scientist I know in eulogizing women’s “social-emotional... superiority”.   In my own review of the relevant literature (see chapter 3),  I come to a more reserved conclusion,  just slightly less gynophyliac (pro-women).

Biological interpretations of sex differences in human behavior,  as is pointed out by Joseph,  may have tremendous implications for understanding sex-segregation of social roles.  For example,   why is it that women professionals overwhelmingly opt more than men for the nurturing professions (primary school teaching, daycare work, nursing,  and now... medicine) ?   Even more interestingly,   why should they not ?   Why should social reformers want to change this situation by injecting public money into programs designed to attract more women to the natural sciences, as is currently being done in several industrialized countries ?     Is not the better solution to wage struggle for equal pay for work of equal value ?   I say «Why should a child care worker make half the salary of an electronics technician,  as is the case today,  both bearing an equally demanding college degree ?».    One of the reasons for wage differences is that union militancy is stronger in male dominated occupations,   making it very very difficult for liberal governments to impose egalitarian pay scales by way of legislation.     But with enough consciousness raising,  women could become more militant,  and men more sharing,  I hope.    You cant have your cake and eat it too.  Complaining to governement is not militant enough, although it certainly does help.

In this book,  we will explore sex differences not only in behavior  but also in basic body function.  This expanded focus is necessary to fully understand the complexity of the biological underpinnings of gender specificity in humans.    Male animals are more often colorful or ostentatious, they are larger, they are more aggressive,  and they are sexually less selective (they are more promiscuous or less choosy),  and they have shorter life expectancy, than females.    What could possibly be the link between all of these sex differences ?   Females are believed to be more choosy because they are the ones who endure the more reproductively critical consequences of bad choice of mate. They invest more vital energy in reproduction (gestation, lactation,  etc).  One of their criteria for choice of a male mate is large body size and social dominance,  which suggests good health and good ability to defend the territory.  Given as much,  males must attract the females with ostentatious plumage, fur, horns, etc.,  since the latter are the ones who do the choosing,  and not the former.    It is not advantageous for females to have large body formats because in times of food penury,  they would then have trouble surviving.   It is even in the female advantage to have a reduced metabolic rate,  and special mechanisms of resistence to food shortages,  so that she can carry through the full reproductive cycle.    There is a limiting factor in evolutionary increases of body size,  and that is reduced life expectancy.   The male is more expendable.   He may reproduce efficiently and quickly,  and then it may be in the interest of the promulgation of his own genes to clear the way for availability of food for his progeny.  He does this by konking out.  Larger bodies result, among other things, from faster cell division,  and all else being equal, entail greater expenditure of energy. Consequently,  the ability of the body to replace lost cellular components reaches its limit earlier.  If this doesn’t suffice,  the male may even be more likely to get himself killed by behavioral means.  However, the male must not die before having transmitted his genes,  nor can he be entirely dispensed with when his niche calls upon him to defend the females and the young against predators.  So his shorter life expectancy has to be constrained at some point.  There are a minority of animal species which dont fit into this scheme,  because they have found special ways to adapt to particular ecological niches.   However,  even these exceptions confirm the general idea:   species in which males and females are not dimorphic present the following characteristics:  male and female life expectancy tends to be the same,  the males tend to care for the young, to have no special role in defending the territory, and to be less aggressive.    Mating patterns are more monogamous.   

Within primate species,  baboons represent an extreme example of adaptation to the sexually dimorphic niche, the female’s body weight reaching only 50% of the male’s.  They are very polygamous.  Gibbons represent the other extreme with female weight reaching 99% of the male’s. Like a 1950’s -style nuclear family, gibbons were thought to live in stable groups of five of six in which a mom and pop mate for life and raise their offspring.  Family comes first and the only excitement comes when the group spars with the neighbors. The impression was that they were monogamous and not very social with other groups,  therefore, that they were fairly boring, says Thad Bartlett, an anthropologist and Dickinson College in Carlisle, Pennsylvania.  But in a recent report at the annual meeting of the American Association of Physical Anthropologists, Bartlett showed that gibbons are anything but boring.  He and others have found that although many gibbon pairs mate for years on end, like human families of the 90s they have plenty of drama, infidelity, divorce, abandonment, and step-children from other unions, as well as much socializing and kinship among members of different groups.  The findings show how important it is to explore what "monogamy" means for primates, and underscore the social complexity of these intelligent animals.  Gibbons really have been the prototype for monogamous primates, says Phyllis Dolhinow, a biological anthropologist at the University of California, Berkeley.  It turns out things just aren’t as tightly structured as had been assumed.    Humans are situated between baboons and gibbons with regard to sexual dimorphism in body size,  the female weighing in at 85% of the male.   The general scheme I have just outlined does not apply only to primates.  It also applies to insects, fish, reptiles, birds, and lower mammals.    This scheme has been nicely elaborated by the Hoyenga couple in their wonderful book entitled  The question of sex differences:  Psychological, cultural and biological issues,  published in 1979.

To conclude this section on evolutionary underpinnings of sex differences,  let me bring up the theme of overdetermination.     Overdetermination is a concept which preoccupied the French marxist philosopher,  Louis Althusser a few years ago.   It applies to psychology,  philosophy,  biology and dynamic systems in general.   It is the idea according to which in very complex dynamic systems,  the bifurcations in the deep long term trajectories result from a convergence in space and time of a multitude of efficient causes,  which may in fact be more or less dependent on each other, or even entirely fortuitous.   This is the case for important evolutionary mutational sequences leading to intricate  complex adaptations  -including sex differences.    Let’s take just one example.    In this book,  I will give a lot of details about the different life expectancies of men and women.   In fact,  this sex difference was surely highly overdetermined in evolution:  1) because we are a sexually dimorphic species,  there is a sexual segregation in parental nurturant behavior,  which presses for shorter male longevity,  so as to optimize available resources for the group;  2) because we are sexually dimorphic,  with the male being specialized for defending the territory and hunting,  he has a higher metabolism and a specialized vascular system to drive his greater muscle mass,  all of which shorten his life expectancy;  3)  the human male’s prenatal testosterone and Y chromosome both contribute to putting him at risk for more life threatening diseases and conditions;  4) the human female’s stronger immune system is adapted to her childbearing role and protects her from fatal diseases;  5) the human male’s adaptation to territorialism and hunting puts him at risk for far more life threatening behaviors,  for himself and others.      

Femaleness is X and maleness is Y.  The human male and female resemble each other more than they differ.   Sexual dimorphism (marked differences in the appearance of the body) is undoubtedly very advantageous for certain species such as guppies,  peacocks and praying mantises,  but this is not as much the case for most primates (macaques, chimpanzees, humans).   The major differences between the bodies of human males and females reside in the sexual and reproductive organs,  and only to a lesser degree in body traits related to non-reproductive specialization (hunting for males,  child rearing for females, for example).   In psychological terms, maleness and femaleness are continuously distributed traits.   Each man and each woman is psychologically more or less androgynous (depository of male and female traits).  However,  in the concrete (biological) sense of whether one disposes of a male reproductive system or a female one,   humans are very markedly bimodally distributed:   most humans are wholly male or wholly female.  Men are characterized by the presence of an X and a Y chromosome in every cell of their body,  while women are characterized by the presence of two X chromosomes.   These chromosomes are called "gonosomes" because they determine the development of the gonads (testicles for men, ovaries for women) which in turn determine the development of further sex-specific traits.   The sex chromosomes represent the 23rd pair in humans,  all the other pairs being "autosomes" (meaning having to do with determining every biological trait of the self,  except for the person's gender).   

There are two major phases during which the body is sexualized.  The first is prenatal.   During the second trimester of pregnancy, the male or female gonad (testicle or ovary) begins to secrete its sex-specific steroid hormones.  These hormones are secreted into the fetus's blood stream and travel throughout the body,  affecting overall development,  including of the brain.   This first steroid bath is termed the structuring phase of sexual development.  As I will demonstrate throughout this book,  this phase is the one during which the basic anatomic sex differences are implemented,  penises and vaginas,  sexual identity, sexual orientation,  and many of the subtler sex differences as well. 

The second major maturational event is puberty.    The gonads become particularly active,   secrete high concentrations of steroids,  and complete the processes of sexualization of the body and of the mind.   The body traits which result from this phase include body hair in the sex-specific areas,  development of breasts, etc.  This phase is called the activational   phase of sexual development.   

These two levels of hormonal determination of behavior I have just described are standard teaching in any introductory text.   However,  I believe their is a third, higher level of mechanism,  more subtle than the previous two,  which is rarely mentioned.   I call it the "physiological" level.  Indeed,  as I show in detail in chapter 9,  hormonal variations accompanying the menstrual cycle, pregnancy, and menopause have effects on brain neurotransmitters (molecules used by neurons to communicate with each other) and even on neuronal anatomy   -including in the human species. Though in humans changing concentrations of circulating hormones in adulthood can be thought to affect brain function only in women,  this has been found not to be the case.  Testosterone level fluctuates mildly though significantly on a seasonal basis in normal men.   Contrary to what is commonly believed,  it is not in spring that testosterone blood concentrations are at their highest,  but in fall.  It is in winter that they are at their lowest.  This cycling of testosterone characterizes not only human males but infrahuman primate males as well and the difference between the two extremes reaches 300%.  Several studies have tracked prevalences of male-typical behaviors over the months of the year.  Monkey mounting peaks in fall and generally correlates highly with testosterone levels.  In humans,  incidence of rape peaks in August,  as does violent crime.  Doreen Kimura found that  cognitive performances of men track these subtle variations in hormones.  This suggested to her that even in normal men there are subtle effects of testosterone fluctuations on brain function during adulthood.

Male and female traits can be directly caused by genes located on the gonosomes without the later occurring intervention of sex hormones,  the male-typical color-blindness being an example.  However,  most gender-specific traits,  termed «sex limited»,  result from an interaction between the two.   Male baldness is is caused by an autosomal dominant gene which produces the undesireable phenotype only with the concurrant influence of circulating testosterone -which is itself modulated by action of the gonosomes.

From hormones to the brain:  Of birds and rats.   Whereas in humans, such interactions are relatively subtle,  in certain male birds,  some of these "physiological" interactions are spectacular.   The most evolved part of the mammalian brain is composed of two large globes called hemispheres.  There is a left hemisphere specialization for the neural control of singing in several species of birds. The brain asymmetries are observed, however, only during the mating season when the bird actually sings.  The hypoglossal nerve, controlling the bird’s syrinx (from which the song emanates), is larger on the left than on the right side of the brain.  It has been elegantly demonstrated that the surge of circulating testosterone occurring at this time is the main cause of the development of the brain asymmetry.   The asymmetry dissipates after the mating season and reappears in the same bird the next year. 

Another piece of evidence to the effect that steroid hormones may have something to do with the adult maintenance of gender-specific hemispheric asymmetries comes from research published by a team of Russian researchers. They studied the influence of gonadectomy (surgical removal of the testicles or ovaries) in newborn and mature male and female rats on functional interhemispheric asymmetry of two behaviors:  the reaction of avoidance of pain and investigative activity in the open field.   Potassium was applied to an exposed brain hemisphere of the rat thus temporarily inactivating that hemisphere.   Neonatally gonadectomized rats have no interhemispheric asymmetry of the studied reactions.  In male rats gonadectomized in the mature state, investigative activity in the open field, in contrast to intact animals, was right   hemisphere dominant.  Ovariectomy of mature female rats led to the increase of the dominance of the left  hemisphere in both the emotional and the investigative activity in the open field.  Gonadectomy of male and female mature rats had an opposite effect on the functioning of the right hemisphere: facilitatory in male rats and inhibitory in female ones.

The basic human prototype is, in one respect,  female.  The larger a chromosome is,  the more important is its role in maintaining life.  The X chromosome is in fact a rather large chromosome which functions essentially as does a medium-sized autosome.  In sheer size it comes closest to the eleventh chromosome,  which by definition is the eleventh largest.  It programs the creation of a diversity of amino acids, proteins, enzymes and so forth. It is really just the tiny Y chromosome which determines the sex of the progeny, namely maleness.  Why is this so ?   In fact,  biologically speaking the male can be considered a slight complication of the basic biological prototype of the human species,  which is female.   A person who is born the victim of a chromosomal aberration such as having only one X chromosome, ought, arithmetically, to look half male and half female.   Recall that the father carries an X and a Y chromosome,  and the mother carries two X chromosomes.   However,  the person born with only an X chromosome, although very androgynous, looks more like a female.  As we shall see in detail later, this condition is called Turner's syndrome. A person who, for any number of reasons, has an interruption of the developmental cascade leading to the male phenotype,  will essentially look like a female.   Humans do not need chromosomes or gonads or sex-specific hormones to look female.   But they do need all of these things to look male.   

It is of note that the chain of transformation (synthesis) of molecules from sterol to testosterone (the male hormone) involves an intermediary step which is estrogen (the female hormone). Both estradiol and testosterone (as well as the other steroids) are highly  lipophilic (fat solubile) and thus easily pass through the lipid bilayer of cells. Thus intracellular concentrations of steroids are related to actual circulating levels.  What determines whether a cell responds to a steroid is either what sorts of cell-surface receptors it has (so-called nongenomic effects of steroids and maybe better termed cell-surface effects) and what sort of intracellular receptors it has.  A great many cells clearly have intracellular androgen receptors, thus there are many actions of androgen where it is acting as an androgen and not as estrogen.  Many many cells have estrogen receptors as well as the enzymes to convert some androgens to estrogens.  It is within these cells that testosterone (or any other aromatizable androgen) can enter the cell, be converted to estrogen, and then activate estrogen receptors. But only a very small percentage (<1%) of testosterone is ever converted to estrogen in the mammalian brain. Nevertheless that small percentage does have behavioral effects in rats and ferrets.  There is not yet any evidence of this eventuality in humans.   Testosterone ( androgen) is present in the blood plasma in bound (approximately 96%) and unbound, free (approximately 4%) forms.  It is the free form which is lipophilic (water soluble) and can easily pass across cell membranes  into the cell cytoplasm where it is bound to the androgen receptor .  This is the reason there is the condition known as « androgen insensitivity »  -because people with this condition do not have enough of the receptor or it is an abnormal form. In a normal male mammal, the hormone receptor complex enters the nucleus where it activates protein synthesis of "male" proteins,  etc.  At one time it was thought, by some, that androgens could only penetrate brain cells by first being converted to estrogens.  This, however, is now known not to be so. 

Sexual behavior of sheep can be radically reversed by prenatal hormonal manipulation.  A single injection of testosterone into the pregnant ewe,  after her progeny has aleady been morphologically fully feminized,  may nevertheless fully masculinize the progeny’s sexual behavior.  Upon arrival of the first sexual action,  the female progeny behaves exactly like a ram and not at all like an ewe.  Sheep sex is hormonally robotic in this respect.   This is not the case for humans.  The brain metabolism of sex hormones is complex and remains mysterious. 

Fetuses exposed to excessive doses of estrogen may, at certain doses, in fact be masculinized,  not only in body appearance but also in psychological make-up  -but these effects depend on the tissues under consideration, the timing of the dose, and on the species under consideration.   For example, estrogen, derived from circulating testosterone, masculinizes the developing preoptic area of the brain in some species. This nucleus is  one of the most sexually dimorphic brain nuclei.   It is important to understand that artificial or abnormal prenatal hormonal effects may produce distinct effects:  masculinization, demasculinization, feminization, or defeminization.   It is not easy to be sure which of these is taking place in artificial or abnormal prenatal hormonal conditions.  It is believed that in normal development of a male rat’s brain,  the animal is masculinized first (prenatally) and defeminized later (postnatally).  It is believed that this is so because the brain only develops receptors specific to estrogen around the time of birth and not before.  In mammals,  it is believed that it is harder to masculinize a female because very early on in prenatal development she secretes a molecule in her blood,  alpha-feto-protein,  which prevents testosterone from masculinizing her.  This innocuous little piece of neuroendocrinology could help explain some remarkable sex differences which are still leaving psychologists puzzled:  for example, why are there so many more diverse paraphylias in the male sex than in the female sex in humans  (see chapter 2),  and why are sexual identity and sexual orientation very much more fragile in the male sex than in the female sex in humans (see chapter 6) ?   However, even though brain development makes mysterious use of sex hormones,  we must not lose sight of the bigger picture:  normal young women have about three to five times more estrogen circulating in their blood than normal young men do,  making estrogen, clearly, a «female» hormone.  

Hermaphroditism as a starting state for humans.  About 95% of the known species are sexual.  The other 5% reproduce without sex. Sexual reproduction is biologically advantageous because it introduces a greater diversity of the gene pool, a faster rate of evolution and consequently of adaptiveness of life forms.  However,  these advantages of sexual reproduction can be offset by the simplicity of asexual reproduction, in a minority of species,  especially when the reproductive mechanism and cycle are very rapid.  Among sexual species,  a minority are hermaphroditic and a majority are segregated into males and females.  There are several degress of hermaphroditism.   Full fledged hermaphrodites among some animal species can be equipped with both the male-type and female-type of sexual organ,  and each can mate with any other member of its species.   This form of sexuality is more common among mollusks.   Other “virtual” hermaphrodites let the environment decide which sex they will  “consolidate”.   Many reptiles and some amphibians lack sex chromosomes, relying instead on the temperature of incubation to determine sex.  In the leopard gecko (Eublepharis macularius), an incubation temperature of 26 degrees (centigrade) produces all females, whereas 32.5 degrees results in mostly males.  Alligators and sea turtles also develop fully sexualized body-types as a function of ambient temperature.    Certain worms consolidate their sexual option as a function of population density.  One species of sea worm has its sex determined as a function of whether the free-moving egg makes contact with an adult female or not.  If it does,  it becomes male !   I find that the most telling story of animal hermaphroditism is to be found in a species of fish which lives in the Pacific coral reefs.  These fish live in a harem of several females with one male which heavily dominates them.  When he dies,  the most dominant female of the group soon turns into a male and replaces him.  

In fact, in several respects it is the hermaphrodite (part male - part female) rather than the female which ought to be considered the basic prototype of the human species.  Take the reproductive organs for example.  Whether we are conceived a genetic female or a genetic male,  each zygote actually develops rudimentary gonads of each sex: Wolff's canal for males and Müller's canal for females.  It is only later that one of the two will actually shrink and rapidly disappear.  There is another trait which argues for hermaphroditism as the basic prototype of our species.  It is not only normal men who produce the male hormone testosterone.  Normal women do too.  Men do so primarily with their sex organs (testicles) and secondarily with another endocrine gland called the adrenal gland, an endocrine gland which sits on the kidneys. Endocrine glands secrete hormones into the blood stream. Women also produce a bit of testosterone with their sex-gland (the ovary) but they do so more with their adrenal gland (like men).  This testosterone secreted by a pregnant woman reaches her fetus and slightly masculinizes it.   However, when this adrenal gland is overproductive in a pregnant woman, as in Cushing's disease,  even a genetically female fetus can be made to look relatively masculine -by her own mother !   There is a third argument for hermaphroditism as the basic starting condition for humans:  sex-specific (steroid) hormones are all synthesized, whether they are male or female,  from a common source, namely cholesterol.   The development of full femininity or full masculinity depend on both female and male hormones.    For example,  the structure and function of the erogenous zones of a woman’s body depend on male hormones (androgens):  in the condition known as Androgen Insensitivity Syndrome  (Testicular feminisation) there is an absence or greatly reduced  receptor for androgens in androgen- dependent tissues , these thus  hardly develop.  The clitoris being such a tissue, it is atrophic (abnormally small)  and said to be erotically insensitive.  The nipples are also of the "immature" type  and pale in colour. 

Even the Y chromosome is not entirely devoted to controlling the development of the zygote's gender.  Geneticists have actually pinned down the gender-determining action of the Y chromosome to a single gene,  located on the long arm,  called testis-determining gene or SrY (for sex reversal).  This gene expresses itself at a specific moment (between 6 and 8 weeks post-conception) and in a specific place,  the genital ridge.  This minor effect starts a cascade which will gradually put in place all of the basic sex-specific traits,  including synthesis of a müllerian-inhibiting hormone which  is specialized in “getting rid” of the female reproductive organ of the fetus,  Müller’s canal !  Think of it. A single microscopic gene is responsible for whether you are to become a man or a woman ! The rest of the Y chromosome serves more general functions like triggering the synthesis of molecules by various tissues of the body. Very few of these functions are known and they do not seem to be vital.  Indeed,  life is compatible with presence of a single X chromosome (without the Y),  but not with presence of a single Y chromosome (without the X).  So in fact, maleness and femaleness are the outcome of a near-fortuitous early bifurcation engendering a very complex and prolonged cascade of events,  including cultural-biological interactions occurring bi-directionally.   Well actually,  I have over enthusiastically simplified what is known of genetic determination of gender.   Apparently,  there are other determinants very early on in the genetic causal chain.   Firstly,  certain men have no SrY gene and certain women (very few) do have one.   Molecular biologists are therefore now on the lookout for an autosomal (chromosomes 8, 9, 10, 11 and 17 are hot candidates) or X locus gene (the 21rst locus of the short arm is a hot candidate),  prenamed testis determining autosomal (TDA) and testis determining X-linked (TDX), which would also function like the SrY gene.  And several teams have been searching for a gene prenamed Z  which would be inhibited by SrY and which would otherwise command a female phenotype.   What has just recently been found,  by an Italian research team in 1997,  is a femininity gene named DSS (dosage sensitive sex reversal),  located on the X chromosome. This gene programs the development of the ovaries and,  analogously to its counterpart SrY,  “gets rid” of the male reproductive organ,  Wolff’s canal.    However,  when DSS confronts SrY,  SrY wins,  and inactivates DSS.   The SrY is dominant. Another team led by a researcher named Vainio has just recently discovered another such gene, Wnt-4.  This gene also specifically signals the embryos to become female.

David and Goliath or Y versus X.   Chromosomes are active machines which remain nested in the cell nucleus (its' core).   They contain “clocks” which are preprogrammed (by evolution) and stimulated by the changing internal cell environment to trigger the creation of partial replications of themselves (pieces of ribonucleic acid) which in turn travel outside of the cell nucleus.  One of the actions of the gonosomes is to create a maturational cascade which leads to the creation of the gender-specific reproductive organs.   The gonad starts secreting sex-specific hormones around the seventh or eighth week of gestation.  This secretion into the blood stream affects in turn the development of body features,  including subtle details of brain morphology.   In short, a single gene on the Y chromosome decides whether a human being will be born with a penis or a vagina. Also,  this gene determines to a great extent (as we shall see in detail) whether that person will later be sexually attracted to men or women (sexual orientation),  and whether that person will consider himself or herself to be psychologically male or female (sexual identity).  The latter two eventualities depend on fine tuning of the brain occurring before birth.   At around age twelve for females and around age thirteen or fourteen for males,  the chromosomes release new sets of partial copies of themselves which have the effect of further sexualizing the body and the mind.  This developmental milestone is called puberty.   What actually happens is that the fully formed gonads secrete a surge of steroid (sex-specific) hormones,  most importantly progesterone and estrogen for females and testosterone for males.   We will see in other chapters some of the extent to which the X chromosome is biologically so much more important than the Y chromosome.  One indicator of the importance of the X chromosome is the large number of diseases caused by bad genes located on it.  There are several dozens of major diseases which are caused by mutated genes located on the X chromosome (daltonism, hemophilia, Tay-Sachs disease, Lesch-Nyhan's disease).  We know of none to be due to genes located on the Y chromosome.   In fact,  twenty years ago, the only trait known to be transmitted exclusively from father to son via the Y chromosome was ear hair.  
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Figure 1.   The human chromosomes are represented here schematically.   The autosomes are rank ordered from 1 to 22,  according to convention,  from the largest to the smallest,  and the sex chromosomes (gonosomes) are presented last.   Particular staining methods give them the zebra appearance. The chromosomes can be distinguished by their size,  the configurations of the stained bands,  and the position of the central portion called centromere.   The long arm is termed “q”,  and the short arm “p”.     The chromosomes are also sub-grouped conventionally into letters (A,B,C,D,E,F,G).  

Biological maturation throws a monkey wrench into our concepts of sex differences.   The most outstanding sex differences,  vaginas and penises for example,  are unequivocally sex-specific from before birth right on until death.  However,  more subtle sex differences may invert through development.  A few examples of these phenomena are the following.   The body size (height, weight) of the human male is greater, on the average, than that of the female.  However,  there is a brief period,  at puberty,  during which it is the average girl who is taller and heavier than the average boy.  We are accustomed to recognizing that girls reach puberty before boys do.  By extension,  we tend to generalize this obvious biological precocity of girls to the ensemble of psychological function and to think it applies to the whole of development up until puberty.  In other words, we tend to think that girls mature faster,  psychologically and biologically, than boys.  However, there are many exceptions to this rule.  Boys progress as fast as girls on many items of infant development scales, and there are even a few examples of tissues that develop faster in boys.   Even in terms of the development of reproductive functions,  in some respects,  it is the boy who matures faster.  An interesting such sex difference prevails,  in a sense,  in the early development of endocrine functions in the ovary and testis. The testis actively produces androgens already in utero whereas the physiologically important steroid hormone production of the ovary does not start until puberty. Likewise, several components of the hypothalamic-pituitary-gonadal axis seem to mature earlier in the male. The hormonal regulation of the fetal testes differs in many respects from that of the adult, and these differences make it possible for the fetal testes to function in the intrauterine endocrine milieu.

There are also twists and turns during development (probably not entirely biologically determined)  having to do with sexual identity and sexual orientation.  Girls manifest sexual orientation and identity earlier than boys.   But then boys catch up.  From adolescence to young adulthood,  females become slightly more psychologically androgynous,  while males become less so.  Then in mature adulthood and senescence, there is an inversion of this sex difference.  Men become slightly more psychologically androgynous, and women slightly less so !    One investigation was based on observation of a group of between 84 and 91 rhesus monkeys (macaques) in captivity  for 18 months. Submission was most frequent in juveniles (aged 1.5-3.5 yrs), but aggression increased steadily with age. As infants (aged 0.5-1.5 yrs), males were more often involved in agonistic (friendly) behavior than were females, but this sex difference reversed with age.   By adolescence,  the males manifested less «friendliness» and more aggressiveness.  In humans,  male infants have most often been found to be fussier,  more irritable than female infants.   This difference is believed by some to be wholly explainable by the greater incidence of inborn perinatal complications affecting the male sex.

Male and female monkeys do not recover from brain lesions in the same way.  A researcher named Patricia Goldman-Rakic lesioned the anterior area of the brain,  the frontal lobe, of fetal monkeys.   She found that the males manifested the cognitive deficits earlier than the females. One study found that the ability to perform on a concurrent visual discrimination task with 24 hour intertrial intervals develops a few weeks earlier in female than in male infant monkeys. To test whether this sex difference was related to the presence of perinatal androgens, plasma testosterone levels were reduced in male infant monkeys by neonatal orchiectomy (removal of testes) and increased in neonatally ovariectomized (removal of ovaries) female infant monkeys by treatment with either testosterone propionate or its reduced metabolite, dihydrotestosterone.   At 3 months of age, the animals were tested on the task and their performance compared with that of age-matched intact male and female monkeys. Orchiectomy which was followed by a slight but visible atrophy of the external genitalia, hastened performance of male infant monkeys to the level of intact infant females. Conversely, androgenization of ovariectomized female infant monkeys given dihydrotestosterone, which had only a slight virilizing effect on the external genitalia, slowed the learning of these female infants to the rate of intact male infant monkeys.  Other experimenters have found that adult rats from both sexes with frontal lesions were impaired on many tasks, but the males were much less impaired than the females on tasks which require animals to use multiple visual-spatial cues for a successful solution (maze navigation).  Another research group found that relative rates of development of the prefrontal cortices in either hemisphere inverse over time in rats,  and in some areas, these developmental inversions are opposite in males and females.  One team of researchers looked at dendritic spining (this would correspond, say,  approximately to the number of neuronal synapses per cubic millimeter of brain tissue) of the hippocampal dentate gyrus after environmental enrichment (lots of toys and play mates) or impoverishment (no toys or play mates) of equally fed juvenile rats of either sex.  They found that «cultural» enrichment in rats favored the development of more dendritic spines in the females than males.  In the next section,  we will see that there are numerous sex differences in the size of various brain nuclei,  and most of these sex differences remain rather constant throughout life.  However,  the development of any particular brain tissue depends on another type of cell,  namely glial cells.  It has been observed that at certain phases of prenatal brain development there are transient sex differences in glial cell counts in certain of these brain nuclei before they become sexually dimorphic,  but not after.   In fact,  these glial cell count differences probably reflect sex differences in neuronal maturation.  

All of these findings show that sex differences can change with development.  Changes in sex differences in intellectual ability over the life span have also been reported in humans.   For example,  the male advantage in spatial ability undergoes some gain at puberty,  not because the pubertal boy improves but because the adolescent girl actually undergoes a slight regression.  The interpretation of this particular phenomenon remains very controversial.   Finally, we will see in detail later that risk factors for certain neuropsychiatric disorders cross over from male preponderance to female preponderance from childhood to the post menopausal years.   These phenomena (the ones I am aware of anyway) are all hormonally mediated,  and our challenge will be to try to disentangle the various factors, biological and cultural, which cause these interesting cross-overs.  

Now it must not be forgotten that cross-over of sex differences during development remains the exception rather than the rule.  For example, metabolism is higher in human males throughout life.   Boys and men expend more energy per hour per square meter of body surface than girls and women do, having consumed an equal amount of calories. Men have more absolute muscle mass than women, and they have a higher proportion of muscle mass to fat.  The higher male metabolism is associated with this greater muscle mass and even precedes it in development.   There even exist parameters routinely observed in blood samples of normal people which are significantly different for the two sexes throughout life.  Such blood parameters are related to muscle mass and metabolic rate.  One of the most commonly used machines  for biochemical analysis of blood for medical diagnostics is built by the Coulter company. The company provides crude norms which clearly show a substantial sex difference in blood biochemistry.   Normal men have higher concentrations of hemoglobins, hematocrites and erythrocytes,  and greater average globular size   -all indicative of higher blood oxygen metabolism in the male sex.

Student’s tribune:  Gender is also in the blood
My student, Alain St-Marseille, recently compared blood samples of 400 brain-diseased men to those of 400 brain diseased women -using the Coulter machine.  He found the same indicators of higher oxygen metabolism in men,  which were highly significant, statistically speaking,  -a finding which,  to my knowledge has not yet been reported in the scientific literature.   This also shows, I think,  that the basic metabolic difference between men and women is so robust that it emerges even in the blood of diseased persons.    

This sex difference seems to be mediated directly by sex hormones.  Indeed, the blood of 18 untreated transsexuals and 20 castrated or non-castrated transsexuals was investigated in one study.  The erythrocyte (red blood cell) counts were significantly higher in untreated males and treated female-to-male transsexuals than in untreated females and treated male-to-female transsexuals,  a finding perfectly compatible with that of St Marseille described above.  This apparently innocuous sex difference seems to have implications for health issues.  Indeed,  it has been found that these blood paramneters are related to blood pressure,  and hypertension in particular,  and it is well known that men are more at risk for hypertension than women -with the ensuing greater risk of men for more dangerous and deadly vascular diseases.  The study of blood parameters could be surprisingly relevant to the neuropsychology of cognitive function.  One recent study analyzed six distinct protein markers in blood serum of normal men and women who completed an episodic memory task.  Episodic memory is the recall of an episode (event) not destined to be memorized (such as what one ate for breakfast two days ago).   The serum markers and episodic memory performance strongly interacted with gender.

Senescence throws a second monkey wrench into our concepts of sex differences.  Men’s and women’s brains do not age in the same way.  Overall brain weight decreases more in  men,  according to most studies, during the fifth and sixth decades of life,  and the brain ventricles enlarge more in men (a phenomenon which usually reflects neuronal loss).   A specific area,  the corpus callosum,  undergoes much more atrophy in men in late life.   However,  women seem to undergo more hippocampal atrophy in old age,  -except when they take estrogen replacement therapy.   And the hippocampi are important structures for human memory.    Metabolic imaging studies reflect these anatomical phenomena,   hippocampal metabolism undergoing more decline in elderly women.   Overall,  both anatomical and metabolic imaging of the senescent brain indicate that men have more hemispheric asymmetry and this basic sex difference seems to continue to increase throughout life  -including during senescence.

The multiplier effect.     The multiplier effect is an expression launched by the sociobiologist E.O.  Wilson.   In his conception,  initial developmental cascades increase sexual differenciation of body tissues.   These changes in turn contribute to selecting and creating a relatively sexually differentiated ecological niche (environment).   This environment in turn reinforces the yet not fully sexually differentiated behavioral repertoire in a manner which again increases sexual differentiation.     

The multiplier effect is obviously present in humans,  and has been noted by several scientists specialized in the study of sex differences.     Biological and cultural sex differences seem to potentiate each other.   For example, people are remarkably uncomfortable with androgyny,   so they very often tend to exagerate biologically determined sex differences by using culture.  We hate to be mistaken for a person of the other sex (on the phone,  or even worse, in a social encounter).   Most of us are in fact very sex-typed. Though men have greater muscle mass than women,  it is so much more often they who body build.  It is women who are biologically channelled toward gestation, lactation and a sizeable portion of the nurturing that accompanies lactation.  Yet it is they who more often choose to work close to infants and children or in the nurturing professions (education and health).  Women hate to have too much body hair,  and most men aren’t crazy about being fully glabrous (hairless) -though there are exceptions.    Women seek to emphasize their femininity by ingeniously enhancing their secondary sexual characteristics using implements (breast lifters [bras], waist thinners and hip enhancers [dresses], calf contracters [high heels], skin smoothers [make-up]),  and so do men, though they seem to be somewhat less consistently ingenious at it (shoulder wideners [shoulder pads in suit jackets], hip thinners [trousers]).     It is often forgotten that the environment is in many respects itself biological.  For example,  there are other animals with whom we interact,  and our activities change our bodies in many respects.  There exists a hypothalamic nucleus (magnocellular) containing special neurons involved in the metabolism of milk production  -which is itself mediated by a hormone called oxytocin.   When a female rat starts lactacting,  the magnocellular nucleus changes.    It sheds an important proportion of its glial matter  (fatty sheaths and other brain cells involved in several metabolic functions supportive of neuronal activity).    However,  somewhat paradoxically,   this shedding of metabolic infrastructure of these neurons makes them hypersensisitve.   As soon as the rat pub suckles,  the magnocellular neurons go into a paroxystic state and immediately activate a chain of events leading to rapid production of milk.    Pregnancy,  a gender-specific life-event,  is part of a woman’s  experience,   and this experience radically changes a woman’s body,  including parts of her brain.    This in turn makes a woman different in face of stimuli she had encountered before,  thus possibly (though not necessarily) enhancing differences between her and the opposite sex.

The multiplier effect complicates the work of those scientists who would wish to study exclusively sex differences in social roles or any other aspect of culture relating to sex.  It has been demonstrated repeatedly that research on self-assessed traits typically yields greater sex differences than research based on direct observation or testing of capacities.   Likewise,  the multiplier effect makes things difficult for scientists who would wish to investigate nothing but biological sex differences.   It is probably wise for researchers not to insist too pigheadedly on any such purist research agenda and look around prudently on the other side before making heavy handed claims about the deep  nature of sex differences,  about the  cause of any one sex difference, etc. 

Chapter 2

Differences between male and female brains 
Extent and limits of sexual dimorphism of the brain.  Everybody will agree that there are biological differences between boys and girls and between men and women.  We all think of such things as primary (sexual organs) and secondary sexual physiognomic traits (Adam's apples, voice tones, body hair, etc.).  Unfortunately,  many persons interested in sex differences are unconcerned with biological sex differences which are not immediately palpable or which cannot be seen directly.  In mammalian species (the rat has been studied most in this respect)  including humans,  there are obvious and subtle brain differences between the sexes.  The obvious brain differences can be deduced as follows:  if the sexual and reproductive organs are very different in men and women,  and to the extent that these organs operate on rigidly biologically determined species-specific time-tables (the menstrual cycle, the gestational cycle, etc.), and if their operation is minimally complex,  then the neurons of the brain which control them must somehow be different in men and women.    This has been shown by thousands of empirical investigations to be so. Consider this example.  The hypothalamus is a small phylogenetically ancient (primitive) structure (it is found in fish brains)  situated at the center of the brain.  It is a group of closely packed neurons, tightly interconnected by synapses (physiologically active connections).  It is strongly linked to a gland situated just beneath it in the brain called the pituitary gland (also known as the hypophysis).  The hypothalamus controls the pituitary gland.  The pituitary gland controls other glands that are sex-specific (ovaries, testicles) and secretes factors which regulate sex-specific hormones (oxytocin, prolactin, progesterone, estrogen, testosterone).   You can imagine that there has to be a difference between the hypothalamus of a man and that of a woman.   There are other examples of brain systems that are sex-dimorphic for very obvious reasons.   Though the clitoris does undergo a bit of tumescence during sexual excitation,  the penis undergoes much  more.  Penile tumescence,  like every behavior,  is under neural control.  So it would be only natural, and it should be expected, that scientists should find that the part of the brain controlling penile tumescence ought to be bigger in men than in women.  The spinal nucleus of the bulbocavernosus (SNB) is one of the control centers in question.  It is a small nucleus (aggregate) of neurons situated in the spinal cord which controls penile tumescence. There are also select muscles which are more markedly developed in the adult man than adult woman. The perineal muscle, also involved in penile erection,  is an example of this and it is controlled by a spinal nucleus called the dorsolateral nucleus (DLN).  These two spinal cord nuclei are sexually dimorphic in the rat and human.  These nuclei and the perineal muscles they innervate are present in males but reduced or absent in females. The sex difference in motoneuron number in these nuclei is due to an androgen-regulated motoneuron (neurons directly feeding muscles) death. Developing females treated with the androgen testosterone propionate (TP) have a fully masculine number of SNB and DLN motoneurons and retain the perineal muscles they would normally have lost. Paradoxically, females treated prenatally with the androgen dihydrotestosterone propionate (DHTP) also retain the perineal musculature but as adults lack the SNB motoneurons which would normally innervate them. The SNB target muscles retained by DHTP females are anomalously innervated by motoneurons in the DLN. Counts of motoneurons and degenerating cells in the developing SNB of DHTP-treated females showed that their feminine number is the result of a failure of DHTP to prevent the death of SNB motoneurons. Furthermore, the peak number of SNB motoneurons was below that of normal females, suggesting that DHTP treatment may also have inhibited motoneuronal migration. However, DHTP treatment fully masculinized both motoneuron number and degenerating cell counts in the DLN of these females, and it is this masculinized DLN that gives rise to the anomalous projection. Taken together, these results suggest that the effects of different androgens during development are specific and complex, involving the regulation of motoneuron death, migration, and specification of peripheral projections.   Very recent findings add a fascinating twist to this story.  As surprising as it may seem to many developmentalists,   sexual experience may play a role in the development of sex differences in such brain nuclei.  Investigators looked at the brains of sexually active and inactive male rats. They found motor neurons -- the cells in a hormone-sensitive part of the brain -- were smaller in the lover than in the virgin rats (Breedlove, 1997).  A leading researcher in this field,  Breedlove,  proposes that "Somehow the extensive sexual experience affected the morphology of these neurons."   It is possible, he says, that differences in sexual behavior cause,   rather than are caused by, differences in brain structure.  Another recent study also investigated the effects of sexual behaviorial manipulation on brain plasticity in adult male rats.   Adult male Sprague-Dawley rats were divided into four groups: control male; gonadectomized (Gdx) male; sexually active male; and sexually nonactive male. Female animals were used as an additional control group. At the end of a 12-week experimental period, the animals were again tested for male sexual behavior and tested for sexual motivation. Sexual behavior manipulations over the 12-week period resulted in significant differences in mount latency, mount frequency, intromission latency, intromission frequency, ejaculation latency, and the postejaculation interval.   In the motivation test, significant differences in the number of approaches, contacts, and crossings of an electrified grid separating the test animal from a receptive female were also observed.  The sexually dimorphic nucleus of the preoptic area (SDN-POA) volume in sexually nonactive males was significantly smaller than in control males or sexually active males. Anteroventral periventricular nucleus (AVPV) volumes in the male groups were not significantly altered by sexual behavioral manipulations and did not differ from female volumes (Prince et al, 1998).

Men's brains weigh, on the average, 200 grams more than women's brains:  about 1500 grams for men and 1300 grams for women.  But what does this mean ?   Large men's brains weigh more than small men's brains.   In fact,  the body-size difference between men and women is believed sufficient,  by most commentators, to explain the difference in brain weight.  Besides,  brain weight does not correlate well at all with intelligence.  Einstein had a rather small brain,  but he wasn't linebacker format either, was he ?  Whales have huge brains,  much larger than humans,  but they are not as smart.  If a well trained neuroanatomist (not specifically trained in the anatomy of sex differences though) is handed several normal brains and asked whether they were extracted from the skulls of a) a large woman, b) an ordinary woman, c) an ordinary man, d) a small man,  he or she will have absolutely no idea,  no matter how many hours he or she gazes at it and no matter how many slices he or she cuts.   In short,  men's and women's brains are remarkably similar at the macroscopic level (at the level of gross anatomy).   

Nevertheless,  there may be a subtle   difference in overall brain anatomy between normal men and women.  The neuroendocrinologist Helmuth Nyborg recently published a book chapter in which he carefully analyzed the evidence.  He concluded, apparently justifiably as far as I can judge, that there remains a difference in brain weight  between the sexes, after adjustment for body weight, of about 100 grams.   Others have independently come to the exact same conclusion. Furthermore,  pubescent boys,  who weigh less than their female counterparts have 20% heavier brains.  Finally,  within a given sex,  body weight barely correlates with brain volume.  In fact,  a consensus is building in neuroscience to the effect that the human male has 100 milligrams of extra brain,  but it still not clear whether he has more neurons than the human female:   Sandra Witelson found that neuronal packing is significantly tighter in women in one specific area of cortex (the planum temporale).   However, scandinavian researchers have recently published a paper reporting that they estimated normal men to possess about 19 million more neurons than women.   Since there are about a thousand billion neurons in the average brain,   this difference is roughly commensurable with Nyborg’s proposal of a 100 gram brain weight difference between men and women.   However,  the reader is advised to withhold judgement on this issue until exhaustive research has been published.

Besides,  more does not always mean better.  Excessive brain tissue can be caused by an error of genetic programs controlling brain development in utero  (before birth).  Some of these conditions are so severe that they are called macrocrania or macrocephaly (an excessively large head) and are typically associated with mental deficiency. Sotos syndrome (cerebral gigantism) is one of the better known of these conditions.  I am not suggesting that the male sex is more at risk for macrocrania.  However,  the male sex could indeed be subject to a subtle delay (and even a disadvantage) in prenatal pruning (natural cell death) in the brain.   A neuroanatomist named Sandra Witelson has eloquently argued that this may indeed be the case,  and I review some of her arguments to this effect a few sections down.

Steroid hormones are active in the developing and adult brain.  One of the most important mechanisms giving rise to gender differences in brain function is the presence of molecules that bind to the steroid hormones in neuronal membranes.  Steroid hormones are the main sex hormones,  and I explain what they are in more detail in a further section.  These molecules are not evenly distributed in the brain.  They are mostly concentrated in a parts of the brain called the diencephalon and the limbic system.  The limbic system is a relatively primitive part of the brain, so called because it surrounds a core part of the brain called the diencephalon.  Limbic areas rich in estrogen-sensitive neurons include the septum and the amygdala,  two nuclei (neuron assemblies) heavily involved in emotional responses.  One part of the diencephalon,  the hypothalamus,  incidentally contains the most markedly sexually dimorphic brain nuclei.  A major difference between the limbic system and the hypothalamus is that the former regulates emotion whereas the latter is more involved in vegetative function (respiration, thermoregulation, reproductive cycles).  However,  molecules that bind to gender-specific hormones are not exclusively located in these primitive systems of the brain.  They are significantly present in the most advanced part of the brain which is termed neocortex.   The neocortex, or brain mantle,  is what is commonly referred to as the brain's gray matter.  And as the popular expression correctly denotes,  that is where intelligence lays.   Primitive animals such as reptiles have no neocortex,  because neocortex is a latecomer in evolution,  characterizing phylogenetically more recent species such as mammals,  and most particularly primates,  the last version of which is the human species (the smartest of all because the most neocorticalized).   It is now well established that steroid-binding molecules in neurons are distributed differently in the male and female mammalian brain,  rats in particular because this species has been most extensively studied.  Neurons containing estrogen receptors are more numerous in female guinea pig hypothalamus than in male guinea pig hypothalamus. However, it is now known that neurons containing progestin receptors are more numerous in the male mammalian brain !   This may appear surprising considering that progesterone and its derivatives is considered a "female" hormone.   A recent study conducted by researchers at the University of Massachusetts suggests that a major player in building the male brain may come from a surprising source - their mothers. The study, conducted by graduate student Princy Quadros and assistant psychology professor Christine Wagner, was presented recently at the meeting of the Society for Neuroscience in Miami, Fla. Scientists have known for nearly two decades that there are structural and neurobiological differences between the brains of males and females. The Umass study indicates that during pregnancy, the maternal hormone progesterone may play an important role in creating those differences. It was previously believed that fetal steroids were solely responsible for bringing about gender differences in the brain. Although the study was conducted on rats, researchers believe that the findings may be analogous for humans. "It's been known for many years that there are many gender differences in the human brain," said Wagner. "The sex differences in the brains of rats seem to parallel those found in humans. Therefore, this finding may offer us a window into the fetal development of human brains."  Progesterone is the most abundant hormone in the mother's body during pregnancy, Wagner said. It essentially maintains the pregnancy. "Our research demonstrated that progesterone from the mother's blood can enter the blood and brain of the fetus," said Wagner. Once it has entered the brain, the hormone fits into certain receptors, like two puzzle pieces that fit together. This linking together of progesterone and receptor actually modifies the function  of the brain cells, according to Wagner. Furthermore, fetal males appear to have a heightened sensitivity to this female hormone, because they have many more receptors that respond to progesterone than do female fetuses. The process is an intricate one: Testosterone, produced by testes in the fetal male, enters a specific part of the brain called the medial preoptic nucleus (MPN). There, the testosterone is converted to another hormone, estradiol. Estradiol, like a key opening a lock, activates the production of progesterone receptors during the brain's development by switching on a certain gene. 

Because females produce levels of testosterone that are insignificant, their brains produce far fewer progesterone receptors. In rats,  neurons containing testosterone receptors are virtually undetectable in the female hypothalamus,  whereas they are numerous in the male hypothalamus.  Such brain  receptors have been found,  by a team led by a researcher named Marian Diamond,  to be hemispherically asymmetric in both sexes of the rat species and these asymmetries differed as a function of the rat’s gender.   Androgen receptors of the brain have been mapped in non-human mammals,  even in monkeys.  One such monkey study found that androgen receptors in the brain are distributed asymmetrically in male brains,  but not in female brains. It has also been found that there are sex differences in the basic mapping and also in the developmental dynamics of progesterone-binding cells in the rat brain.  Fine-grained molecular details of the brain are usually discovered in animal brains in research laboratories long before they can be confirmed in the human species.   And this sex difference is a case in point.   A sex difference in the distribution of steroid receptors in the brain has not been refuted or demonstrated in humans as of yet.  It seems mind boggling to me that none of the numerous neuroendocrinologists regularly publishing work on brain sex differences have not seen fit,  after more than a dozen years since Diamond’s discovery,  to investigate asymmetry of estrogen receptors in men's and women's brains !  Assays of hormonal activity in human brain have,  to date,  unfortunately been rather general and unconcerned by specific findings reported in other mammals. In one investigation of human brains, the concentrations of progesterone, androstenedione, testosterone, 5 alpha-dihydrotestosterone and androsterone were determined in tissue samples from the human hypothalamus, anterior pituitary, pineal, amygdala and parietal cortex, taken at autopsy from male (n = 4) and female cadavers (n = 4) of various ages. The measurements were performed using radioimmunoassays for the individual steroids after the chromatographic purification of solvent extracts of tissue samples on Lipidex-5000TM. Preliminary qualitative analyses of the chromatographic profiles of various steroids by radioimmunoassay demonstrated the presence of these steroids in various regions of the brain, but an immunoreactive peak corresponding to 17-hydroxyprogesterone was not found. The concentrations of all steroids measured were either very low or below the limit of detection in brain tissues taken from male and female infants. In the adult brain, there was no difference in the distribution of steroids between the various regions studied. There was no sex difference in the brain tissue steroid concentrations, with the exception of testosterone which was clearly much higher in brain tissues from men as compared to women. Although testosterone was undetectable in most samples taken from adult women, 5 alpha-dihydrotestosterone could be measured in almost all samples, which suggests that this is the most important androgen in the human brain. When brain tissue steroid levels are compared with serum concentrations, it can be postulated that a state of equilibrium exists between the fraction of serum steroids which are not bound to high-affinity binding proteins and the amount of steroids in brain tissues.  In principle, steroid receptors in the brain might have little bearing on behavior, or on cognition.  After all,  classical teaching on the subject of steroid hormones establishes only reproductive and metabolic roles.  But then again,  they might.  There are several reasons to think that they probably do have some such bearing,  including in humans,  but these reasons will only become fully apparent from widely differing viewpoints treated in separate chapters of this book.

Steroid hormones are so called because they derive from sterol, and more specifically,  cholesterol.  They are produced by glands which are termed endocrine because their emanations are secreted into the blood stream.  All the steroid hormones, male (androgens) and female (estrogen, luteinizing, follicular, progesterone), have trophic (growth promoting, or anabolic) effects on brain development.  Testosterone, estrogen and progesterone have been investigated for their trophic effects in immature neurons in vitro.  All of these steroid hormones favor synaptogenesis (formation of synapses), axogenesis (elongation of axons), mitosis (neuronal proliferation), neuronal migration (displacement of infant neurons toward their developmental targets), and they all help prevent neuronal mortality (cell death) in most of the reports published.  In particular instances however,  they may have effects opposite to these.  It has been found that both parity itself (the number of children a women has given birth to) and the age of the mother have the effect of reducing the concentrations of all of the steroid hormones traveling through the umbilical cord to the embryo and fetus.   In short,  generally speaking,  the first born is the one who will have received the greatest doses of all the steroid hormones from his or her mother through the blood stream.   If these maternally provided steroid hormones have a generally favorable neurotrophic effect,  this ought to be reflected in intelligence,  measured by IQ tests,   as a function of birth rank.  This is exactly what has been observed.  IQ is highest in firstborns,  slightly lower in second-borns,  slightly lower still in third-borns,  and so on.  In one of the large-scale studies carried out by Camilla Benbow,  60% of her sample of geniuses consisted of first borns !  It has been argued that this effect is primarily caused by one of the steroid hormones,  testosterone.  Indeed, there is a higher incidence of geniuses within the male sex and it has been found that male fetuses receive more testosterone through the umbilical cord than female fetuses,  yet both sexes receive the same amounts of the other sex hormones (luteinizing, folliculostimulant, estrogen, progesterone).  Furthermore,  despite the fact that IQ tests (the Wechsler tests for example) were constructed in a manner attempting to equalize performances of the two sexes,   the male sex presently outperforms the female sex by one or two IQ points (which is really not much)  not only on measures of general (full scale) IQ,  but also on the so-called Verbal IQ scale as well as on the so-called Performance IQ sub scale.   Too much should not be made of these IQ differences:   it would be very easy to construct an IQ test favoring women.    Nevertheless,  a subtle effect of testosterone on brain development could be responsible for the observed sex difference,  but more research is required to be sure.    

Several theorists have proposed that the sex steroid testosterone acts on the fetal brain during a critical period of development to influence cerebral lateralization (Geschwind, Galaburda, Hines, Shipley  and Witelson).   In one recent study relations were examined between prenatal testosterone levels in 2nd trimester amniotic fluid and lateralization of speech, affect, and handedness at age 10.   Girls with higher prenatal testosterone levels were more strongly right-handed and had stronger left-hemisphere speech representation. Boys with higher prenatal testosterone levels had stronger right-hemisphere specialization for the recognition of emotion.  Synthetic estrogens absorbed during pregnancy are known to partially feminize and demasculinize male animals and humans and to masculinize female animals and humans.  Reinisch recently reported results of a study of boys whose mother received synthetic estrogen (diethylstilbestrol) during pregnancy.  She found that these boys were less lateralized than sibling same-sex controls on neuropsychological tests and had reduced visuospatial abilities.  This pattern of results is most consistent with Witelson's (1991) claim that prenatal testosterone leads to greater lateralization of function. Indeed, we will see in chapter 3 that boys are more lateralized on most behavioral and cognitive functions.

My own (partial and limited) reading of the complex and voluminous literature on hormonal modulations of mental life, cognitive abilities and behavior leads me to recommend great interpretive prudence. I recommend this attitude not because I think hormones have no influence,   but because I believe their influence is very subtle and rather complex.  There are many sex-specific hormones whose functions change in development,  which cycle more or less,  and which interact in mysterious ways.    Psychological traits have rarely been associated significantly in any simple way with variations of hormone status in humans. Some authors have dared to try to formulate general models of these complex interactions.   The more general models must perforce adhere,  to explain such frequently negative results, to some sort of notion of multivariate dynamic equilibrium.  Nyborg, for example, has proposed that human behavior is conditioned by balances of various sex-specific hormones rather than by absolute concentration of any single one.   Evidence in support of a general model such as Nyborg’s includes the following.    The vast majority of tests of hypotheses of a linear relation between any one hormone level measurement and any psychological trait have failed to reach significance.   This is true of research investigating individual differences in normals,  or hormonal variations within individuals.   In some of his own research,  and in his reading of research carried out by others,  Nyborg observed that men with high estradiol concentrations and women with low estradiol concentrations score better on tests of visuospatial perception.  Estradiol is a precursor of both androgens and of estrogen.   His basic idea is that there are optimal levels of the various hormones which favor both the development and the actual expression of a given cognitive skill,  and these optimal levels are not necessarily at the highest concentrations of these hormones.    One example of an empirical finding which fits this model has been reported very recently by Doreen Kimura:   men perform best on spatial tasks in spring, when testosterone  levels are low, and worst in fall, when testosterone is high. She proposes a non-linear relationship between testosterone and spatial skills: according to her interpretation most men have more testosterone than is good for them (spatially)...     despîte the fact that the male gender has a basic visuospatial superiority over the female gender.  

Gender differences in brain neurotransmitters. Neurotransmitters are hormone-like molecules that are released by neuron terminals into a microscopic space called the synapse.  Some of these molecules bind to specialized receptors located on the receiving ends,  usually on dendrites (little branches),  of other neurons.   The neurons of the brain use a multitude of different molecules of this sort. Neurotransmitters in the brain have to do with all psychological and behavioral traits.  Indeed,   thinking, feeling and behaving cannot occur without activation and inhibition of neurons,  which in turn cannot communicate with each other without neurotransmitters.   Allow me to make this point more firmly:   the mind is nothing other than the activity of neurons.  Behavior is the direct result of activities of neurons.  Without neurons,  there can be no mind or behavior,  whatsoever.  We saw in the previous chapter that male and female mammals,  and men and women in particular,  differ in their sexual inner life and behavior.   The fundamental mechanisms of neuronal conduction (which is basically electrical) and of synaptic mediation (which is basically chemical) do not seem to differ between the sexes.  However,  both of these cellular activities have different distributions in the brain as a function of gender.   The true picture of sex differences in regional brain distributions of neurotransmitters is probably very complex,  forming a sort of mosaic.  That is the impression one gets from reading the piecemeal findings reported primarily in the rat literature.   Virtually nothing is known about such sex differences in humans,  even though they most probably exist.   But even at a relatively gross level,  which is more readily accessible to research on humans,  there are significant sex differences in neurotransmitter distribution.  For example,  assay of cerebrospinal fluid in patients,  available due to its necessity or utility for medical diagnostic exploration,  argues to the effect that the neurotransmitter dopamine is more concentrated and more active in men than in women.   Brain serotonin, on the other hand, seems to be less present in men than in women, and in male than female rats.   

There seem to be important sex differences in the way gamma-aminobutyric acid  (an inhibitory neurotransmitter) is organized in male and female mammalian brains.  In one study, picrotoxin (2.5 milligrams of the drug per kilogram of body weight), which was subconvulsive in male Wistar rats, was 92% convulsive in female rats. Four milligrams per kilogram of picrotoxin, a dose that did not produce death in the males, was 75% lethal in the females. A similar significant difference to the analogous treatment was obtained in female and male cats. A sex-related difference in the occurrence of convulsions, latency, and death following picrotoxin administration was also present in mice. However, mice responded in an opposite direction to rats and cats. Three milligrams per kilogram of picrotoxin was 100% convulsive and 27% lethal in male mice, while only 40% convulsive and 0% lethal in female mice. The existence of sex-related differences in the response of mice, rats, and cats to administration of picrotoxin might have its origin in the dimorphisms of the gamma-aminobutyric acid  system in these animal species.   Some neurotransmitters consist of molecules used by various systems of the body for purposes other than synaptic transmission.  This is the case for cholecystokinin and substance P.   In one recent investigation, cholecystokinin (CCK) and substance P (SP) concentrations were measured in discrete brain areas of adult male and diestrous female rats. Significant sex differences in CCK concentration were found in the ventromedial hypothalamic area, medial and lateral preoptic area, nucleus of the diagonal band of Broca, ventral tegmental area, entorhinal and in several cortical areas. No sex differences in SP concentrations were observed in any of these areas. However, significant sex differences in SP concentration were found in the amygdala.

The asymmetry of neurotransmitter concentrations in the hemispheres of the brain differs in men and women.   At least one post mortem investigation has shown that men and women differ in hemispheric asymmetry of serotonin.  It is difficult to estimate whether this sex difference could suffice to explain cognitive sex differences.   Ideally,  we would like to establish links between those few verbal abilities which are slightly superior in women,  or those few visuospatial abilities which are slightly superior in men (see chapter 3), and neurotransmitters.  But such studies remain wanting.  Until the recent advent of advanced brain imaging techniques,  those that can target specific neurotransmitter activity,  the investigation of brain neurotransmitters was limited to painful and dangerous extraction of cerebrospinal fluid by means of spinal taps.  Neurotransmitter asymmetry as a function of gender,  as investigated in non-human mammals, is extremely complex.   There have been a multitude of findings of neurotransmitter asymmetries.   However,  these have not been documented at the whole hemisphere level.   Rather,  the typical finding is of a neurotransmitter asymmetry in a given brain area (typically a nucleus,  which is an aggregate of neurons of similar shape).  Also typical,  is the finding of crossed asymmetries of a given neurotransmitter as a function  of sex and intracerebral location.  In other words,  one typically finds more of a given neurotransmitter on the left side in one sex in a given brain nucleus,  and the opposite asymmetry in another nucleus.  So the overall picture that presents itself currently is of a complex mosaic of sex-related neurotransmitter asymmetries.   Whether the human situation will resemble this remains to be proven.  It would indeed seem appropriately cautious to keep in mind that analyses of the chemical physiology of entire hemispheres may give a misleading account of behaviors and inner life that are indeed sex-specific.  One study has found that the right hypothalamus is more important in mediating male sexual behavior,  and the left for female sexual behavior.  There are promising basic data for future investigations of sex differences in neurotransmitter asymmetry.   Indeed,  though sex differences in neurotransmitter asymmetry have not been much investigated,  as far as I know,  in the human,   concentrations of the major ones are asymmetric.   Such asymmetries have been reported for acetylcholine,  gamma-aminobutyric acid, noradrenalin and dopamine.  Evidence for asymmetry of brain serotonin metabolism in humans includes the finding that right hemisphere stroke produces an increase in serotonin receptor binding, which is not found following comparable left hemisphere strokes.  Furthermore,  left but not right hemisphere strokes produce a massive drop in brain noradrenalin.  Unfortunately,  it is not known whether the sexes differ in these respects.  We also know that some of these neurotransmitters have a mutually agonistic action (potentiate each other),  while others have a mutually antagonistic action (inhibit each other).  Serotonin and noradrenalin are antagonists, as are serotonin and dopamine, acetylcholine and dopamine, and gamma-aminobutyric acid and dopamine.   The distribution of these neurotransmitters is multiply asymmetric but forms a global dynamic balance.    One species whose neurotransmitter distributions has been exhaustively mapped using post-mortem assay,  as a function of gender,  is the rat.   It has been found that dopamine is not very sexually dimorphic if at all,  but that serotonin certainly is,  with females showing indicators of significantly higher serotonergic activity throughout the brain.   The brain area where this sex difference seems to be the highest is the hippocampus.   One study systematically assayed several neurotransmitter asymmetries in several brain areas, comparing male and female rats. Neurochemical correlations in the nucleus accumbens and the striatum did not demonstrate any sex difference, but differences were found in neocortex: female rats had significantly greater hemispheric correlations than males for dopamine, 5-hydroxyindoleacetic acid (serotonin), and serotonin turnover (metabolism).   In short,  the male rats had more hemispheric asymmetry overall.

Gender differences in basic brain chemistry.   There exists a technique,  called magnetic resonance imaging spectroscopy,  which involves subjecting specific brain areas to a magnetic field.   This puts the protons in the brain region of interest (ROI) into a spin.   The time it takes for this spin to return to baseline is then measured.  The technique is completely benign  -involving no injections or contact with the subject,  such that normal volunteers can easily be recruited for such investigations.  The numbers of protons per unit of tissue volume reflects the molecular weight of that tissue and influences spin relaxation time.   The various inflections of the measurement  indicate the extent to which various chemical classes are present in the sampled tissue.  The brain measurements so obtained are so sensitive that they significantly distinguish children from young adults,  young adults from middle aged adults, psychiatric patients from normals,  various brain areas from each other,  etc.  Some of the chemical classes that can be quantified with this technique include the cholines,  myoinositol,  creatine and N-acetylaspartate.   The latter class is particularly interesting for neuroscience because it is specifically related to neuronal tissue (as distinguished from blood vessels,  glial cells,  cerebrospinal fluid, etc.).  The most prevalent chemical in the brain is water.  MRI spectroscopy is carried out by subtracting the water signal from other chemical classes  -a procedure which sometimes introduces baseline (whole signal) effects which can be artefactual. Because spectroscopy peaks are subject to such baseline effects,  it is common practice to analyze peaks relative to the most stable one, namely creatine.  Creatine is also a chemical class which is believed to be the least directly related to neuronal tissue per se.  

A magnetic resonance brain image and an MRI spectroscopic tracing 

[image: image2.wmf]
Figure 2.  Above:  Magnetic resonance image (MRI) of a normal adult female brain viewed from above (axial presentation),  with a region of interest (ROI) identified by a box-shaped white outline (the tip of the right frontal lobe -seen here on the left side).  Below:  MRI spectrogram of the ROI in question for this subject.   Chemical peaks of interest in our investigation included myoinositol (MI),  choline (Cho),  creatine (Cr) and N-acetylaspartate (NAA).

Student’s tribune:  Basic brain chemistry varies in specific brain areas as a function of gender
My student Mathieu Dumont and I have recently undertaken a research project investigating gender differences in basic brain chemistry  in specific regions of the normal living human brain with the magnetic resonance imaging (MRI) spectroscopy technique.  We used a method called proton spectroscopy.  The regions of interest (ROI) were the frontal lobes, temporal lobes and thalami (a pair of large nuclei at the center of the brain) on each side of the brain  as well as the whole hypothalamus.   We tested 26 normal young female adults and 25 normal young male adults of comparable ages and educational levels.   We found that the women had significantly higher concentrations of N-acetylaspartate in both frontal lobes (11-15 %) and in both thalami (8-12 %) than the men.  Creatine was also significantly more concentrated in the women’s left thalamus (8 %).  We found no straightforward gender differences in the hypothalamus or temporal lobes.  There were no significant gender differences with regard to the choline or myoinositol chemical classes with regard to any specific ROI.  However,  to be prudent in our interpretation of these findings,  we analyzed the choline, N-acetylaspartate and myoinositol peaks relative to the creatine peaks for each ROI.  With these conservative measures there were no significant gender differences whatsoever  -suggesting  that the gender differences in the frontal lobes and thalami,  which undeniably exist,  may be due to tighter neuronal packing in these areas in women and higher water signal  (extraneuronal liquid) in these areas in men.  More intricately,  we found that the myoinositol/creatine ratio was significantly more asymmetric in women than in men in the frontal lobes (this being the only significant gender difference in hemispheric asymmetry),  and that the various chemically specific peaks differed one from each other in the hypothalamus as a function of gender (this being a subtle effect considering that none of these peaks taken in isolation differed as a function of gender).   All in all,  these results, based on as of yet poorly understood techniques,  are hard to fit into the rest of what is known about gender differences in the brain.

Gender differences in violence are a function of brain neurotransmitters.   It could be argued,  I suppose,  that women are not « really » more docile than men.  It could be argued that women are acculturated into docility,  doing themselves violence by forcing themselves, and being forced, into docility, against their true nature.   Here is the evidence to the effect that men are « really » more violent than women because of endogenous differences in their brains.   Dopamine seems to be more concentrated and more active in men’s than in women’s brains (though there are some local exceptions).   Brain serotonin, on the other hand, seems to be less present in men than in women. The same pattern of sex differences is observed in monkeys, dogs, wolves, rats, birds and fish (Augustinovich, 1992; Saudou et al, 1994). Wild versions of animals (wolves, buffalo) have the human male pattern whereas domestic versions of the same species (dogs, cattle) have the female human pattern. Artificial selection of these species (breeding) had the obvious objective (among other things) of producing strains that could adapt to domestic life.  Breeders certainly selected animals which were docile around humans.   By having them mate with similar animals,  the breeders ended up fixing in successive generations those genes responsible for the desired behavioral and physical traits.  And it seems extremely likely that the genes in question influence synthesis of selective neurotransmitters.  Serotonin-deficient animals are more aggressive than their normal counterparts (Sluyter et al, 1996).   Pro-serotonin and antidopaminergic manipulations have a pacifying effect in various species studied so far (Arregui  et al, 1993; Bernhardt, 1997; Pant et Nath, 1993).    Homicide victims are often people with records of violent crime.   One can confidently suppose that they are more aggressive than people who die of more natural causes.   Brains of homicide victims have been intensively studied.   They are generally deficient in serotonin and overly endowed in dopamine (Ohmori, Arora & Meltzer, 1992).   Extremely aggressive men, psychopathic criminals, have an exacerbation of the male-typical pattern.    A recent epidemiological study investigated a very large cohort of 781 normal men and women with regard to whole blood serotonin and violence.   A highly significant relation was found between high serotonin levels (which the authors assume to correspond to low  brain levels) and violent behavior,  in men.   Another recent study even found that post menopausal women with lower serotonin levels manifested more impulsivity and hostility than women with higher levels of serotonin.   This finding was not found in pre menopausal women presumable because the menstrual cycle made women too « variable » to yield a reliable correlation (Manuck et al, 1998).

Gender differences in sexuality are, among other things, a function of hormones and brain neurotransmitters.    First,  lets review the evidence to the effect that hormones determine sexual identity in otherwise normal animals.   I cover a lot of this terrain in chapter 6 because homosexuality and transsexualism are important fields of research in and of themselves, so I will skip that material here.  At any rate,  here is a summary of the relevant literature.   Sexuality depends on five major things:  1) anatomy (one needs to have a penis, for example,  to manifest and experience full male sexuality),  2) physiology (one needs the appropriate balance of hormones in brain and body to be capable of sexual function),  3) sexual identity (one will usually behave sexually more like a male or female if one feels like a male or female), 4) sexual orientation (independently of all the above,  one will tend to manifest gender-specific sexual behavior if one is attracted sexually to the opposite sex), and 5) culture (for example,  sexual behavior can be repressed or facilitated or oriented by cultural conditioning).  Animal species vary a great deal with regard to how prenatal hormones can affect any of the five dimensions of sexuality I have just outlined.  With regard to anatomy,  the reader has already understood that sex hormones are the main determinant of the development of gender-specific anatomy in mammals in general and also in many other simpler animals as well.  With regard to physiology,  it is quite easy to render an animal impotent or sexually inactive with hormonal manipulations,  and in some species,  it is even possible to change the sexual behavioral profile with postpubertal manipulations.   This is not observed in any radical manner in humans,  though subtle such effects are observed.  With regard to sexual identity and sexual orientation,  it is very difficult to imagine how these two psychobehavioral dimensions could be dissociated in animals other than humans,  but one thing is for sure,  these two dimensions heavily depend on prenatal hormones in many species,  including humans.  Sheep resemble hormonal robots:  a single well timed prenatal injection of a sex steroid of the opposite sex produces an ewe that sexually behaves more like a ram. Rats,  whose natural sexuality is more androgynous than humans,  also tip into the opposite gender’s sexual repertoire following a single hormonal injection before birth.  There are many incidences of partial masculinization, demasculinization, feminization, or defeminization,  by hormonal inflections,  of animal sexual anatomy, physiology, and psychology. In rats, dogs and cows, there is the well-known "freemartin" effect: females that are exposed to androgens from male twins in utero are more ready to mount other females than females who did not have male co-twins.  I have not found evidence of the existence or inexistence of this phenomenon in humans.  I think that such research has simply not yet been carried out in humans.  Animals and humans can be partly metamorphosed in their sexuality by a number of abnormal hormonal events:  adrenal hyperplasy,  androgen insensitivity,  medical hormonal treatments of pregnant mothers,  hormonal effects of maternal stress,  hypogonadism, castration, etc.

The behavioral aspect of sexuality is less directly conditioned by sex hormones than is development of gender-typical anatomy.    Sex hormones are unable to directly produce behavior.  Only the brain directly produces behavior.   How then can hormones modulate brain physiology responsible for behavior ?  The main hormone-to-brain modulation would be expected to be via neurotransmitters.  Neurotransmitters in fact resemble hormones molecularly. In mammals, steroidogenesis (particularly  testosterone and estradiol)  has been shown to alter neuronal  firing patterns  and the  binding of neuronally   released   transmitters,   either    prenatally   or  postnatally.  It is known (not by many people) that the hormone testosterone has an antagonistic relationship with the neurotransmitter serotonin,  and an agonistic relationship with the neurotransmitter dopamine.  In opposition to this, the hormone estrogen has an agonistic relationship with serotonin,  and an antagonistic relationship with dopamine.   In other words,  estrogen favors the anabolism (synthesis) of serotonin and the catabolism (breakdown) of dopamine.  One indicator of this is that when women are at their estrogen peak in the menstrual cycle,  approximately 14 days before or after menstruation,  brain serotonin is at its highest,  and brain dopamine is at its lowest, as indexed by means of indirect indicators in the cerebrospinal fluid or in blood. The neurodynamic effects of sex hormones on the brain are not only developmental,  not only structuring (trophic) or activational (affected by puberty),  they are also physiologic.  In other words,  they have relatively immediate effects on brain function.  A large number of behavioral fluctuations have been linked, for example, to the menstrual cycle.    These modulations are quite subtle,  and are technically quite difficult to measure.   Modulations of cognitive abilities, behaviors and feelings in normal women have been and still are inconsistently replicated,  and are therefore legitimately controversial.   However,  as I show in chapter 9,   menstrual fluctuation of cognitive components of certain brain diseases or disorders help to clarify the link.   One of the aspects of our experience and behavior which is conditioned by hormones is our sexuality.   

One important aspect of sexuality is « copulatory drive ».  In most species,  males have higher copulatory drive than females,  and this is certainly the case for humans (Campbell, 1994; Ellis, 1991; Hessellund, 1976; Laumann, 1994).  Sexual desire in women reaches its peak just after ovulation. Recent research has found that the peak of sexual desire in women is facilitated by naturally fluctuating testosterone and inhibited by naturally fluctuating progesterone.  Androgen treatment in adult women not only slightly increases their libido (without changing their sexual orientation)  but it specifically makes their clitoris more sensitive.  In fact,  androgen treatment increases women’s libido more than does estrogen treatment,  which has on occasion been reported to actually lower the sex drive.  It is now known that testosterone injections can alter the sex drive not only in adulthood,  but even with prenatal treatment naissance (Adkins-Regan, 1988;  Broere et al, 1985). Transsexuals who change from a male body to a female body,  and who take the appropriate feminizing hormones,  report a drop in their libido (sex drive).  Women who become men report the opposite effect.  One recent study found clear activating effects of sex hormones in humans.  In a group of 35 female-to-male transsexuals and a group of 15 male-to-female transsexuals a large battery of tests on aggression, sexual motivation and cognitive functioning was administered twice: shortly before and three months after the start of cross-sex hormone treatment. The administration of androgens to females was clearly associated with an increase in aggression proneness, sexual arousability and spatial ability performance. In contrast, it had a deteriorating effect on verbal fluency tasks. The effects of cross-sex hormones were just as pronounced in the male-to-female group upon androgen deprivation: anger and aggression proneness, sexual arousability and spatial ability decreased, whereas verbal fluency improved. This study offers evidence that cross-sex hormones directly and quickly affect gender specific behaviours.   The most radical natural effects of sex hormones on sexuality occur in relation to parturition,  hysterectomy,  and menopause.  These situations produce huge and abrupt drops in estrogen in particular, and to a lesser extent of other sex hormones.  One study found that sexual desire dropped to zero in 16% of women during the first twelve months after having given birth.  Brain serotonin, as indexed in blood plasma, is believed to climb up during pregnancy,  and to drop abruptly to a very low level at parturition.   Another study found that a whopping 89% of normal women reported a major drop in sexual desire after menopause.  

There are many interesting and relevant things that could be said about findings from investigations of the relations between individual differences in hormone physiology and in behavior,  sexual in particular. More is known about effects of androgens, both because salivary assays have been problematic with estradiol and because of the difficulties of controlling for phase of the menstrual cycle.  Elisabeth Cashdan recently looked at both estradiol and various androgens in serum, collected early in the follicular phase in women, and was surprised to find that estradiol and the androgens varied similarly with all the behaviors she looked at, including sexual "restrictedness".  Levels of estradiol, total testosterone, free (unbound) testosterone, and androstenedione were all positively correlated with number of sexual partners within the last year, and negatively correlated with need for long-term commitment before engaging in sex. Unfortunately, Elisabeth did not collect data on libido.  However,  taste for sexual variety is necessarily related to libido one way or the other.  Taste for sexual variety is, however, a stereotypically male trait, and it is interesting to find that it has direct hormonal correlates. 

Of course,  hormones are far from being the only important determinant of sexual behavior in humans.   Social and genetic components are just as important. A researcher named Steve Gangestad has published evidence from twin studies that the disposition toward having casual sex is concordant enough in monozygotic twins and discordant enough in dizygotic twins to conclude to a moderate hereditary determination.   It is not known whether the heredity of this trait depends on the sex chromosomes (X or Y),   but that would be very unlikely.   So in short,  a large part of the variability of sexual behavior is driven by biology which is probably not,  at outset,  sex-specific.  

High levels of serotonin in the female rat results in less frequent lordosis.  In other words,  she will less frequently adopt a receptive position for intercourse:  immobility,  raised rump,  tail to the side.   A high concentration of noradrenalin,  a neurotransmitter molecularly very similar to an endocrine hormone secreted by the adrenal medulla,  results in increased sexual receptivity in the female rat.   Dopamine also stimulates the sexual response.   Such effects are observed in the male and female rat (copulatory approach and execution) and in both sexes in humans (Wilson et al, 1982; Everitt, 1978).  One study of rats found that injection of dopamine D1- and D5-receptor agonists favored lordosis in female rats,  and injection of D1 and D5 antagonists reduced lordosis.  The D1 receptor is so named because it was the first to be discovered,  and more types are regularly being discovered.    As has been remarked by certain commentators,  neurochemical manipulations which reduce the sex drive should be interpreted with caution:   any unpleasant effect of such a manipulation can in itself be the cause of reduction of sexual behavior.   Likewise, manipulations which increase the sex drive could produce their effect by improving mood or energy level.    So it will be important to carefully analyze such effects in humans while exhaustively controlling for relevant side effects. Psychopharmacology is progressing at a very rapid rate,  such that antidepressive medication now carries fewer and fewer side effects.  It is clear that certain serotonin agonists (reuptake blockers) frequently substantially improve mood,  produce little unpleasant side effects,  and severely curtail sexual desire.    The opposite is never reported, namely the antidepressant effect and no side effects except increase  in sexual desire.   Also,  Parkinson’s disease patients in the early stages of the disease often complain of anhedonia (loss of all forms of pleasure including sexual).   One common treatment is L-DOPA a dopamine precursor (agonist).   This medication has frequently been found to help lift the anhedonia,  including the sexual part.    Indeed,  dopamine is believed to be the most important neurotransmitter involved in the experience of pleasure.  Animals will administer themselves electrical current through electrodes implanted in their own brain.   But they seek to so stimulate themselves (compulsively,  I might add) most typically when the active part of the electrode is implanted in neurons which use dopamine as their neurotransmitter. One finding adds light to our very small baggage of knowledge about dopamine factors involved in the sex drive in humans  -without the complications of drug administration to sick people.  The geneticist Dean Hamer and his colleagues have observed a modest correlation between a dopamine D4 receptor gene polymorphism and lifelong number of sexual partners.  This association appears to be mediated by the effect of the D4DR variation on the personality trait of Novelty Seeking.  Obviously D4DR is not a "monagamy gene" per se,  but it does illustrate,  he says,  how genes broadly involved in neurotransmission might contribute to rather specific aspects of behavior.

I must insist on re-stating that human sexual behavior is heavily socially conditioned.   Nevertheless,   several vestiges of primitive sexual brain circuits are operational in the human brain.   Men’s erections and ejaculations are controlled (among other things) by opposed branches of the autonomic nervous system (ANS):  the sympathetic and parasympathetic branches.   The “purpose” of the sympathetic branch of the ANS is to activate the organism for an urgent response.   Walter Cannon,  a now deceased neurophysiologist,  became famous,  among other things,  for his summary of sympathetic action.  He called it the four “F” system (flight, fight, feeding, fornication).     In opposition to this,  the parasympathetic branch of the ANS is destined to activate vegetative function when the organism is in a relaxed state:  digestion,  micturition (number one),  defecation (number two),  etc.    When a person is suddenly terrified,  it sometimes happens that a massive surge of sympathetic activation is followed by an equally massive rebound of parasympathetic activation.  When this happens,  the person turns white (sympathetic overactivation) but then faints and micturates and defecates (parasympathetic overactivation),  an experience which most people would rather avoid.  This helps us to understand why the human male’s sexual function is subject to dysfunction:  an imbalance in autonomic  function may prevent either erection or ejaculation.  Furthermore,  penile tumescence (erection) consists of blood accumulating in sponge-like cisterns in the penis’s shaft.   Obstruction or denervation (weakening of neural control) of the small blood vessels providing that surge of blood may also engender a problem of anerectility.  Primitive brain circuits controlling aspects of sexuality in humans are not limited to the male sex.    The sexuality of women is not angelic:  for example,  certain neurons in a woman’s brain stem,  if pathologically uninhibited by rare neurological conditions,  can lead her to manifest “lordosis”,  sexual posturing seen usually in reflex form in lower mammals.     A special type of tumor of the hypothalamus called “hamartoma” can produce sexual “mania” in girls as in boys.   I have had the opportunity of studying in detail such a case.   This seven year old patient was uncontrollably aggressive and made explicit sexual statements to anybody and everybody close enough to hear him.   He had not yet developed precocious puberty,  though this commonly happens in hypothalamic hamartoma.   Surgery for such cases is not always effective,  and when that happens,  the prognosis (forecast) is very poor:   the epilepsy gets worse and the patient has to be institutionalized.

Rhawn Joseph has contributed some interesting speculations about differences between men’s and women’s sexuality.    He believes that men’s sexual response is far more “complicated” than women’s sexual response.   This is an unusual point of view.   Most commentators focusing on the psychological aspects of sexuality would, I think,  come to the opposite conclusion.   But please understand that Joseph is focusing here strictly on the actual reproductive act per se.   Men,  he states,  must obtain erection, penetrate, thrust and ejaculate.  Women, he states,  are required to do none of these.   Consequently,  men’s sexual response must be more easily triggerable and guided by visual and tactile stimuli.    Joseph even believes that men’s sexual behavior is “more easily disrupted”  than women’s because of this.   I am not convinced that this is entirely correct.   Women are more at risk than men for inability to achieve orgasm (by about 20%),  pain during intercourse (by about 22%),  and lack of interest in sex (16%).  The last of these should not be brushed off as trivial.  It is the main cause of consultation to clinical sexologists.  However,  as I explain in chapter 6,  men certainly are more at risk for paraphylias (reproductively ineffective sexual preferences).    

I believe we must be very wary of ethological evolutionist speculation.   Ethological evolutionist speculation consists of interpreting behavior in terms of it’s adaptiveness,  and supposing that the genes underlying the behavior in question must have been favored by natural selection.  Since very often,  we know little about ecological niches (living environments) of species having existed in now extinct conditions,  ethological evolutionist speculation about emergence of traits sometimes can be quite fanciful.  And of course,  we know virtually nothing about the genes underlying most behaviors.  But here is one speculation about differences in sexual behavior between men and women (and animals in general) that seems sound to me.   Because males must ejaculate for procreation to occur,  nature arranged sex so that males would reach orgasm first.    Better,   nature arranged sex so that females would be very little enclined to interrupt sex before the male reached orgasm.    If the female reached orgasm before the male,  she might  stop copulation and not be impregnated.   Such females would have no progeny and would therefore fail the test of natural selection.  

Do  gender differences in  cognition depend on gender differences in neurotransmitters ?   Regional cerebral blood flow (RCBf) can be traced radiologically using previously injected isotopes.  The point by point measurements can then be reconstructed into images representing slices of brain.   Such measurements have been obtained from age-matched men and women,  and the pictures differ in manners which are statistically reliable,  suggesting cortical physiological differences at rest.   Metabolic brain imaging is full of promise for the study of sex differences in brain function.   Indeed,  RCBf imaging can be adapted to map specific neurotransmitter physiology -by injecting a molecule that has an affinity for a given postsynaptic receptor along with the usual injection of the radioisotope.    One such study investigated a particular serotonin receptor (5HT-2) in normal men and women.  The finding was surprising.  Even though previous research had shown that women seem to have higher concentrations of serotonin in the brain in general,  men had a significantly greater density than women of this specific serotonin receptor in the frontal lobe and anterior cingulate gyrus -cortical structures which are important for cognition and emotion.  However, in interpreting this finding,  it would be wise to keep in mind that these results were obtained from small samples with a methodological design which did not control for the menstrual status of the women subjects.  One study did exactly that and found that estrogen stimulates a significant increase in the density of 5-hydroxytryptamine2A (5-HT2A) binding sites in anterior frontal, cingulate and primary olfactory cortex and in the nucleus accumbens, areas of the brain concerned with the control of mood, mental state, cognition, emotion and behavior. 5-HT2A is one type of serotonin receptor.  Two studies, that I am aware of, have mapped dopamine D1 receptors in the two sexes of the human species.  One was a positron emission study which combined a D1 ligand with the usual radioisotope. Positron emission tomography (PET) tomography is another metabolic brain imaging technique, similar to RCBf  No sex differences were found.  Another study investigated D1 receptors using a post-mortem method.  Again, no sex differences were found.  However,  one PET study specifically investigated neurons using the D2 receptor and found that women at the height of their estrogen cycle (around ovulation) had higher D2 neuron activity in a part of the brain called the striatum.  This is somewhat perplexing because,  as I stated earlier,  estrogen has a generally antidopaminergic effect -at least as indexed using other techniques.  Unfortunately, few brain imaging studies have investigated sex differences in the use of specific neurotransmitter networks during tasks that distinguish the sexes.

The investigation of neurotransmitters in the manner reviewed above is exciting, yet has to be contextualized.   A specific psychological trait or behavior cannot occur without involvement of certain neurotransmitters.  However,   an extra level of anatomical refinement is required for scientists to be able to link brain physiology with highly specific mentation or behavior,  a level which in most instances has not yet been attained.   Indeed,  neuronal circuits located in different parts of the brain,  using a same neurotransmitter at the synapses, may produce very distinct behavioral effects.   Likewise,  complex neural assemblies,  using several mutually exciting or inhibiting neurotransmitters,  usually participate in producing a specific mentation or behavior.    So neurotransmitters are important in the neurobiological investigation of sex differences,   but they also have their limit.   Can we then state that we know how neurotransmitters are responsible for sex differences in cognition ?  Absolutely not!   We know that there is no way they cannot be somehow involved,  but nobody has a clue about how gender differences in neurotransmitters could explain women's higher verbal abilities and men's higher spatial abilities for example.

Brain serotonin metabolism seems to be particularly gender-specific.  There have been many research findings on links between neurotransmitters, particularly serotonin, and gender differences in aggressiveness.   However,  serotonin is known to play a role in many body functions.  These are temperature regulation, sleep, mood, immune function, appetite,  pain and the metabolic and behavioral response to stress.  

It appears that women have a slightly higher body temperature than men.  One investigation had subjects consume a light non-protein breakfast before 8:00 AM, a cup of tea or coffee after the 10:00 AM temperature collection, and a substantial 3-course lunch at 1:00 PM.  Results showed that female temperatures were higher throughout the sample period.  However, measurement of body temperature is complicated,  especially in women.  Body temperature is influenced by contraceptives and also by the menstrual cycle.  Furthermore,  in women with disturbed hormonal cycling (anorexics, high performance athletes),  body temperature regulation is often disturbed.  As a matter strictly of personal observation,  it seems to me that the women colleagues, students and employees I have frequented are much more prone to complain of air temperature in air conditioned buildings,  whether it be too hot or too cold.  One recent study found that female rats responded with greater body temperature changes to drugs known to mediate hypothalamic control of body temperature than did male rats.  Of course,  everybody knows that body temperature changes as a function of the menstrual cycle:  the thermometer is thus often used to regulate sexual activity so as to favor or avoid fertilization.  In short,  normal men’s and women’s body temperatures seem to be very similar,  but there could be a basic sex difference in the adaptability of body temperature to endogenous (internal) and exogenous (environmental) stimuli.  

One team of investigators studied effects of age, gender, diagnostic status, and psychiatric features on 102 female and 189 male sleep disorder patients' (aged 16-87 years).   Gender had a strong impact, with women reporting more sleep-related distress.   It is noteworthy however that the male clientele was more numerous, overall.  There are many types of sleep disorders.   The most common one,  perhaps also most closely related to serotonin metabolism,  is insomnia.  There seem to be a bit more women than men who suffer from insomnia.  One study surveyed 14,667 subjects (aged 20-54 years) in Norway about sleeplessness and found that 41.7% of the women and 29.9% of the men were sometimes bothered by insomnia.  It has clearly been documented that the proportion of rapid eye movement sleep (one of the phases of sleep during which the eyeballs « jitter ») is modulated in mice as a function of the menstrual cycle. Furthermore,  a few cases of clinical hypersomnia (a sleep disorder consisting of an excessive need for sleep) have been reported to track the menstrual cycle in afflicted women.  However, normal sleep is probably not directly influenced by sex hormones.  Rather, I expect that the effect on sleep is due to an influence of sex hormones on brain neurotransmitters.  Serotonin seems to have a generally facilitatory role in producing the type of deep sleep scientists call “slow wave sleep”.  Indeed,  reserpine,  a non-specific serotonin antagonist,  deprives animals and humans of that type of sleep.  Another possible biological basis for a sex difference in sleep patterns, in humans,  might be found in the pineal gland situated in the center of the brain.  The pineal gland is light-sensitive and secretes melatonin,  a sleep inducing hormone.  One investigation compared blood-melatonin concentrations in normal men and women exposed to hours of darkness or of strong lights.   In the dark condition, no significant differences were observed between men and women in either the timing or the absolute values of melatonin plasma levels, whereas after bright light exposure, the suppression of plasma melatonin was 40% greater in women than in men. These findings suggest that, in humans, there is a sex difference in the nocturnal sensitivity of the pineal to light.   It is nevertheless very difficult (hazardous) to interpret sex differences in sleep disorders biologically:  women have them relatively more in relation to mood disorders,  whereas men have them relatively more in relation to substance abuse.   Finally,  it is of note that variations in some basic parameters of sleep has been found to track the menstrual cycle in normal women.

As I document in chapter 8,  there is a huge sex difference in the immune function -which could be mediated among other things by serotonin.  Very little is known about this eventuality.  Some anti-inflammatory drugs have a marked serotonergic effect.   Metabolic,  physiologic and psychological effects of some of those drugs vary according to sex.   For example,  aspirin has an antithrombotic effect (protects against strokes),  but only in men. The inhibitory effect of aspirin on blood platelets (the antithrombotic effect) was reduced in orchiectomized (castrated) male patients and was restored by the addition of testosterone to blood samples. Estradiol had no detectable influence on the effect of aspirin on platelets.    Tricyclic antidepressants are selective serotonin agonists.   The effect of one of them, desmethylimipramine,  on natural killer lymphocytes (immune cells), is clearly inhibitory.   One investigation went even further than this:  the authors found that in rats, activation of the immune system by a toxin produces anhedonia (loss of the subjective feeling of pleasure) and other depressive-like symptoms, which can be attenuated or completely blocked by chronic treatment with an antidepressant drug.  An investigation of clinically depressed humans found that several blood indicators of immune system activation indicate immunostimulation during depression,  and that this effect is counteracted by tricyclic antidepressants.   Of course,  research on aspirin and antidepressants is tangential to the issue of whether serotonin is a major factor in normal sex differences in immune function,  but it weakly supports the idea. Chronic fatigue syndrome (CFS) is a condition that affects women in disproportionate numbers, and that is often exacerbated in the premenstrual period and following physical exertion. The signs and symptoms, which include fatigue, myalgia (muscle pain), and low-grade fever, are similar to those experienced by patients infused with cytokines such as interleukin-1,  drugs which influence immune function.  A study was recently carried out to test the hypotheses that (1) cellular secretion of interleukin-1 beta (IL-1 beta), interleukin-1 receptor antagonist (IL-1Ra), and soluble interleukin-1 receptor type II (IL-1sRII) is abnormal in female CFS patients compared to age- and activity-matched controls; (2) that these abnormalities may be evident only at certain times in the menstrual cycle; and (3) that physical exertion (stepping up and down on a platform for 15 minutes) may accentuate differences between these groups. Isolated peripheral blood mononuclear cells from healthy women, but not CFS patients, exhibited significant menstrual cycle-related differences in IL-1 beta secretion that were related to estradiol and progesterone levels. IL-1Ra secretion for CFS patients was twofold higher than controls during the follicular phase, but luteal-phase levels were similar between groups. In both phases of the menstrual cycle, IL-1sRII release was significantly higher for CFS patients compared to controls.  Candidal vaginitis most often recurs during pregnancy and in the late luteal phase just before menstruation. One study recently examined the influence of the stage of the menstrual cycle on the cellular immune response to Candida albicans, the efficiency of Candida albicans germination in blood serum, and the ability of products from activated lymphoid cells (immune cells) to inhibit germination. Candida albicans germination was maximal in blood sera obtained during the luteal phase. During this period the cellular immune response to Candida was reduced as was the inhibition of Candida germination by products of activated peripheral blood mononuclear cells (another type of immune cell). Variations in immune response to Candida were of much lesser magnitude in women who took oral contraceptives, which suggests that it was the marked fluctuation in progesterone or estradiol levels during the menstrual cycle that influenced the changes in the immune response to Candida albicans. Thus the hormonal status of women may influence the pathogenicity of Candida albicans by modulation of immune system activity. The  results of this investigation explain the clinical observation that candidal vaginitis infections most frequently reappear before menstruation.  Several other investigations have found that the strength of the immune response varies as a function of the menstrual cycle.

The drugs most effective for combating mood disorders also operate primarily along the serotoninergic axis, and women are much more at risk for mood disorders.   This issue is reviewed in other chapters of this book.  So to make a long story short,  serotonin-based sex differences seem to include mood.  

As for pain,   there seems to also exist a sex difference.  Women’s thresholds for pain seem to be lower than those of men for most forms of pain.  Women declare pain at lower intensities of stimulation,  and declare higher subjective discomfort or pain at equal levels of stimulation.   One test of pain that has been used to test this sex difference is immersion of the hand into a bucket of ice-water.   It could be argued of course that men just have more bravado...    and it is very hard to judge whether subjective pain is a cultural artifact or not.   One piece of evidence against an exclusively culturalistic interpretation of a sex difference in pain threshold is the finding to the effect that pain killers are reported by women to produce more relief than by men.   However, it might be wise to keep in mind that there are many types of pain.   For example, perhaps the kind of pain encurred during childbirth would not be well tolerated by men...   It is also relevant to think of pain threshold reports of people according to a more fluid concept of sexual identity than simple genotypic sex.   Of course,  what I mean here is the degree of androgyny as measured by the appropriate type of personality scale. One study investigated the relationship between measured levels of masculinity-femininity, social desirability, and responsivity to pain in men and women. A significant interaction was indeed found between masculinity-femininity and sex for pain thresholds. Analysis of this interaction indicated that for men, but not women, there was a significant correlation between masculinity-femininity and pain, where higher masculinity was associated with higher pain thresholds. However, this finding did not account for the sex difference in pain threshold. The sex of the subject remained a significant predictor of both pain thresholds and tolerances after allowing for the influence of masculinity-femininity, social desirability, and their associated interactions.   At least one study has found that women’s sensitivity to painful stimulation varies as a function of the menstrual cycle.

Women are also more often victims of dysregulation of appetite.   Not only are there many more anorexics (self-starvers) and bulimics (binge eaters) of the female sex (see chapter 11),   but women are also more frequently obese.   I suppose it could be argued from a sociocultural perspective that if a person is going to abuse a substance,  if that person is a man,  being acculturated to a position of self-affirmation and of socializing outside the home -he will select disreputable or illegal psychotropic (mind warping) drugs;   if that person is a woman,  she will stick to respectable and perfectly legal abuse of a substance which is close to her social role of housewife:   food.  However there are indications to the effect that female hormones do modulate the brain’s regulation of appetite.  For example,  athletics (particularly long distance running) sometimes disturbs cycling of ovarian hormones.  In some particularly sensitive or fragile women athletes, luteinizing hormone seems to be the first to be reduced,  followed by abnormality of the gonadotropin cycle, and finally by a generalized drop in estrogen.  Then amenorhea (loss of menses) occurs,  followed by loss of appetite (anorexia).    Investigations of normal women have found that food intake varies as a function of the menstrual cycle.  

Extreme stress is also known to inhibit the menstrual process and prevent pregnancy in several species.  The phenomenon is well known in rodents.  When wild rabbits, for example,  are environmentally stressed,  particularly by food deprivation,  they reproduce less  -a mechanism the adaptiveness of which is quite obvious.   In women,  extreme stress can stop the menstrual process,  make her temporarily infertile,  and disturb her mood,  her thermoregulation, her sleep,  and her appetite.  The phenomenon was observed on a massive scale during the despotic and murderous reign of Pol Pot and Ieng Sary in Cambodia.   Of course,  it cannot be determined precisely to which extent the drop in Cambodian women’s fertility during the years of terror was due to psychocultural factors (less sexual activity,  attempts to avoid pregnancy)  or to psychobiological factors (hormonal imbalance, physiological infertility).   In chapter 5, I argue that men are more sensitive to stress than women (especially around birth),  -except with regard to brain serotonin physiology.

Is the left hemisphere more developed in human females than males ?   There is no argument in the scientific literature against the view that girls and women are superior on some verbal skills and that boys and men are better on certain visuospatial skills.   The first logical explanation of this that ought to come to mind would be that females have a larger, more developed left hemisphere and males have a larger, more developed right hemisphere.  After all,  nothing is more solidly established in neuropsychology than the fact that verbal functions are left hemisphere-specialized and visuospatial functions are right hemisphere-specialized.  In a certain sense,  one famous author actually made that argument and managed to convince a lot of people that his argument was valid.  Norman Geschwind,  and a few of his colleagues proposed that prenatal testosterone actually slows down the development of the left hemisphere  -but only at a certain period of its development.  This roundabout theory allowed him to eschew evidence against a basic sex-specific anatomical difference between whole hemispheres.   Is there any evidence of whole-hemisphere sex differences at all then ?  One very suggestive and exciting sex difference has been observed, as far as I know, only in rats.   Male and female rats have opposite asymmetries in cortical thickness on the left and right sides of their brains.  However,  the female rat,  if ovariectomized before birth, manifests the male-typical asymmetry as an adult !    

An anatomist named Crichton-Brown had observed in 1880 that the two brain hemispheres of women are of similar weight,  whereas,  in men the right hemisphere is heavier.  One research team reported that the right hemisphere of the human male fetus is larger than the left,  and that this is not the case of the female human fetus.  Do these anatomical brain differences have a significant impact on cognitive abilities and behavior of normal men and women ?   It is still too early to say.  However,  as usual,  answers to these types of questions are obtained more revealingly from pathology than from research on normal subjects.   There are two data bases which provide information about this issue,  IQ subscale profiles and aphasia,  following unilateral hemispheric lesions.

A very large meta-analysis was published in 1982 by  researchers named Inglis and Lawson.  They found that right hemisphere lesions affected performance (non-verbal) IQ more than verbal IQ,  in both sexes.  However,  left hemisphere lesions affected verbal IQ more than performance IQ only in men. There have been several other studies of the effects of unilateral brain lesions on IQs of men and women.   It has consistently been found that the results suggest more lateralisation of function in men than in women.   Verbal IQ is more selectively affected by left hemisphere lesions in men than in women,  and Performance (less verbal,  more visuospatial)  IQ is more selectively affected by right hemisphere lesions in men than in women.

Women who suffer cerebrovascular accidents (obstructions or ruptures of arteries feeding the brain) in the left hemisphere become less frequently aphasic (unable to understand or produce speech)  than do men.  Two explanations of the aphasia and IQ effects of hemispheric lesions as a function of gender are currently being debated.   Language functions could be represented in a more distributed fashion within the left hemisphere in women,  or language functions could be distributed to a greater extent in the two hemispheres in women,  whereas in men it could be more constrained to the left hemisphere.   One argument for the former point of view is research on the effect of barbiturization of a whole hemisphere.   An anesthetic called sodium amytal is sometimes injected into a catheter located in one of the carotid arteries,  the main artery irrigating the brain hemisphere,  in epileptic patients.   This procedure serves to determine to what extent the non-anesthetized hemisphere can support language and/or memory functions.  It is used for epileptics who do not respond well to anticonvulsant drugs.   If it turns out that language or most memory functions are localized on the side of the brain that the surgeon wanted to resect (remove),  the operation is canceled.   If the patient is lucky enough to have enough language and memory functions in the hemisphere not requiring resection,  he or she is likely to be relieved of his or her epileptic seizures after the resection of the part of the brain containing the epileptic focus.    This diagnostic technique is also known as the Wada technique, after its inventor.   Now the Wada procedure is extremely useful for the study of hemispheric specialization.     Large cohorts of men and women epileptics have now been tested for language functions after anesthesia of the entire left or right hemisphere.   It turns out that men and women have very similar profiles:  they make very few verbal errors and understand well what is communicated to them when it is their right hemisphere that is anesthetized,  but they make a lot of mistakes and understand communication poorly when it is their left hemisphere that is anesthetized.    

Finally,  a third position on the issue of sex differences in hemispheric asymmetry has been formulated by Kimura.  She reports that women manifest aphasia more frequently than men following left frontal lobe lesions,  whereas men do so more frequently following lesions in the posterior part of the left hemisphere.  Kimura believes the left hemisphere is specialized for several important aspects of motor programming,  thus the high prevalence of right handedness and left hemisphere based speech as well,  in both sexes.  She found that, as was the case for aphasia,   manual apraxia (loss of the understanding or expression of learned hand gestures)  results more frequently in women from left frontal lesions,  and in men from left posterior lesions.  She also makes the point that in those aspects of speech in which women excel over men,  it is in speed and precision of speech production and fluency.    Kimura thus speculates that women’s cognitive strengths may boil down to a sort of evolutionary specialization for fine motor coordination implanted in her brain by natural selection of a home based ecology (child care, tool making,  etc.)

My own position with regard to the literature on this particular topic is that the whole hemisphere is not necessarily the proper level of interpretation of human sex differences in the brain,  except when the data being investigated clearly pertain to the whole hemisphere.   Hemispheric barbiturization (anesthesia of a whole side of the brain),  hemispherectomy (removal of the entire cortex of one hemisphere), electroencephalographic  (EEG) topography (using electrodes placed over the entire hemisphere),  and experiments involving electrical stimulation of a wide diversity of human cortical surface areas (a diagnostic procedure in epilepsy), are examples of techniques yielding data appropriate for inferences about interhemispheric sex differences in terms of whole hemispheres.   Localized brain lesions,  tachistoscopic and dichotic listening experiments (see chapter 3),  and anatomical analysis of individual brain systems such as nuclei (closely knit neuronal networks) or fasciculi (large pathways containing many neuronal axons) are techniques which may reveal sex differences either between or within the hemispheres,  thus requiring more prudence in neuropsychological interpretation.

Do boy’s and girl’s cerebral hemispheres develop at different rates ?      An intriguing model of a sex difference in the cerebral hemispheres of humans has been principally articulated by  the neuropsychologist Jerre Levy.  Insightfully,  she has argued that the ensemble of sex differences in cognitive abilities do not support a notion of a full left hemisphere superiority of women nor of a full right hemisphere superiority of men.    Instead,  she has proposed that the fetal and infant boy’s right hemisphere develops more quickly than that of the girl,  whereas the girl’s left hemisphere develops more quickly than the boy’s.  Levy seems to be speculating about the right and left hemispheric cortex,  though she does not state so explicitely.  Evidence for a precocious right hemisphere cortical advantage for boys includes the following. One study looked at 3 year old infant’s evoked potentials to auditory stimuli.  The boys had a right hemisphere dominant response whereas the girls had a left hemisphere dominant response.  Similar sex differences in evoked potential topography have been obtained using music, noise, clicks, or speech as stimuli.   Maturation of the hemisphere protects against a form of infantile epilepsy called febrile convulsion.  In short,  there is only a short time period during which febrile cionvulsions can occur,  thus providing an interesting test of asymmetry of hemispheric development.   Post-convulsive hemiplegia (paralysis of one side of the body due to damage to the contralateral hemisphere) reveals that boys more often show evidence of left hemisphere damage,  presumably because of a developmental lag of that hemisphere.   Boys show a left hand advantage in reading braille and in discriminating shapes,  whereas girls show the opposite advantage.   Other sex differences have been reported though (not considered by Levy) which argue against faster right hemisphere development in boys.

Levy has not,  to my knowledge,  been clear on what she thinks happens after puberty to the hemispheric cortices.  Do they settle into asymmetries which are more or less sexually dimorphic ?  What happens to performances on the same tasks used with the children:  do they become more symmetrical ?  Does the sex difference disappear  ?  This model seems worth testing to me.   Much careful developmental research will have to be carried out to validate it.   The first thing that needs to be done is a careful postmortem analysis of human brains (especially of cortical brain tissues) of children and adults of all ages and of either sex.  Christine DeLacoste has reported that the human fetal left frontal lobe develops faster than the right in females but not in males.  Though this finding vaguely supports Levy’s thesis,  much more work needs to be done.  Then the behavioral concommittants expected from the evolving sex differences (if such differences exist) will have to be tested across the life span using the same tests throughout. My own understanding of the relevant developmental literature suggests to me that a) neonates have virtually no cortical function,  making the issue of perinatal hemispheric cognitive specialization nearly irrelevant, b) both male and female preschoolers do develop left hemisphere specialization for language and right hemisphere specialization for spatial analysis,  but this specialization remains very weak, most often insignificant until school age, and c)  whatever sex differences which have been observed in lateralized behavior in preschoolers are so rare, and those that have been observed are so subtle, that they do not suggest any important underlying sex difference in anatomical development of the whole hemispheres.   At most,  some parts of the hemispheres, including parts of the cortical mantle, might manifest some specific sex differences which could change during development.

Men's and women's brains,  though quite similar in gross anatomy,  are different in specific areas.   It might come as no surprise that those areas of the brain which are known to play a role in reproductive functions,  or which are located very close to those areas, have been found to be sexually dimorphic.  This is the case of several hypothalamic nuclei,  the preoptic, ventromedial and suprachiasmatic nuclei for example,  and certain interstitial nuclei of the anterior hypothalamus such as INAH3  (INAH3, whose neurons may overlap those of the preoptic nucleus, is about 40% larger in men than women, roughly confirming prior studies. Bill Byne also recently found corresponding dimorphism in the INAH3 analog in the rhesus monkey, and suggestive evidence for a hormone dependence of this dimorphism, from two hormonally manipulated females), the bed nucleus of the stria terminalis (BNSTc) which is a medial (midline) limbic nucleus of the forebrain located in front of the hypothalamus,  and an area near the cerebral aqueduct (containing cerebrospinal fluid) in the periaqueductal grey area of the midbrain.  Nearly all of these nuclei are larger in men than in women.  However,  the INAH3 nucleus seems to be outstandingly larger in the human male (Byne et al, 2000).  The ventromedial hypothalamic nucleus is the only brain nucleus presently known to be more voluminous in women than in men.  The sex-specific periaqueductal gray matter area of the midbrain is not known to be larger in females,  but it is involved in female-specific sexual behavior.  For example,  in rats,  when stimulated it provokes lordosis,  and when destroyed,  it inhibits lordosis.  Furthermore,  several of these nuclei have been found to be specifically involved in sexual behavior and even sexual “orientation” in rats, and in some cases also in humans. One experiment consisted of implanting male neurons of the preoptic nucleus into the preoptic nucleus area of female rats.  These females manifested more male-like behaviors.  The ventromedial nucleus of the hypothalamus is believed to be particularly involved in female behavior:  it controls certain hormonal cycles not observed in males.  Certain anterior nuclei of the hypothalamus have also been linked to propensity toward lordosis in rats. 

There exists a fascinating male/female dialectic  -implemented in two hypothalamic nuclei.   Though what I am about to say may be a bit too much of a simplification,  I wish to draw out the full distinction between the best known «male» hypothalamic nucleus,  and the best known «female» hypothalamic nucleus.   The first part of this story has been told by the psychophysiologist Jean-Didier Vincent in his wonderful 1994 book  The biology of passions:   First,  the preoptic nucleus is larger in male mammals in general,  and the ventromedial is larger in female mammals in general.   Castrated rats become sexually inactive over time.  However,  this can be reversed by an injection of either testosterone or estradiol into either of these two «gender-specific» nuclei.   When the injection is into the preoptic nucleus,  the castrated rat,  whether female or male,  becomes sexually active,  -in a male-typical manner  (i.e., mounting).   When the injection is into the ventromedial area,  the castrated rat,  whether male or female,  becomes sexually active,  -but in the female-typical manner (i.e., lordosis).     Now here is whats really  interesting about these two nuclei.   The preoptic nucleus is a pleasure center and the ventromedial nucleus is a center of aversion.   How do we know this ?   By the intracranial self-stimulation technique.   The  technique consists of allowing a rat with a stimulating electrode implanted in his brain to self-stimulate himself by pressing a lever (this proves that the brain area implanted is a pleasure center),   or allowing the rat to stop the brain stimulation by pressing a lever (when the rat does this it proves the electrode is implanted in an aversion center).     As if this were not enough,   direct electrical stimulation of these two hypothalamic nuclei has shown that they are both involved in sexual behavior,   indeed,  but that in addition,   the preoptic nucleus is generally involved in appetitive (approach) behavior whereas the ventromedial nucleus is generally involved in avoidance (flight) behavior,  relating to non-sexual stimuli and conditions (ex: food,  same-sex relations,  introduction of a new object,  etc...).  Now,  here is the part of our little story not contributed by Jean-Didier Vincent.      These two opposed sets of properties of the hypothalamic sub-areas are a reflection of the psychopathologies for which the two genders are differentially at risk in humans !   Men are more at risk for disorders of approach systems involving pleasure (drug dependence,  alcoholism,  sexual promiscuity and paraphylia, gambling,  etc),  whereas women are more at risk for disorders of avoidance systems involving aversion (depression,  frigidity,  anorgasmia,  phobia,  anorexia, etc).     For details about these psychopathologies,  see chapter 4.  

Neurohistologists (specialists of brain tissue) are continuously developing new techniques for mapping various naturally synthesized molecules in the brain.  One of these techniques enables a researcher to detect which neurons of the brain “drink up” testosterone.  The researcher injects testosterone into the blood stream with a marker that will show up in color in slices of the brain after death.  Then they  anesthetize the animal,  sacrifice it,  and slice the brain.  In one study,  such “autoradiograms” were prepared from the brains of male rats injected with a fluorescent retrograde tracer (the neuron “drinks” the marker from its axon terminals) and with a sort of testosterone (namely, dihydrotestosterone or DHT) into the midbrain.  Results showed an abundance of neurons that bind DHT and project to the midbrain in the medial preoptic area and bed nucleus of the stria terminalis. These neurons were also observed in the ventromedial section of the hypothalamus.  It is now known that in rats, pigs and humans,  the preoptic nucleus of the hypothalamus is larger in males than in females.  Furthermore,  one investigation has demonstrated that in rats,  this sex difference is due to neuron loss in developing females rather than neuronal multiplication in developing males.  In addition,  these sex differences can be reversed in rats and pigs by post-natal castration (orchidectomy or ovariectomy).  One study has recently reported a substantial sex difference in the localization of estrogen receptors within SRIF neurons (neurons which use somatostatin as their neurotransmitter) of the bed nucleus of the stria terminalis.  It has now been demonstrated that gonadal hormones are critical in the implementation of anatomical sex differences these nuclei.  For example, one investigation studied the effects of postnatal male orchidectomy (ablation of the testes) and female androgenization (injection of testosterone) on the bed nucleus of the stria terminalis (BNST), using 10 male and 10 female Wistar rat pups. The volume of the medial posterior region of the BNST was greater in 5 control males than in 5 control females. Sex differences occurred in the medial anterior region where females always showed a greater volume. Orchidectomy increased significantly the volume of the medial anterior region, but there was no effect from androgenization.  Bill Byne has recently found from peptide and in situ markers, as well as cytoarchitectonic analysis, that INAH3 and Gorski's SDN in rat may be homologous.  In fact these nuclei are all intimately and richly neuronally connected to each other in the several mammals studied so far,  including humans.  We will see in chapter 7 that several of these nuclei are also different in human homosexuals as compared to heterosexuals.  However,  before we come to too simplistic conclusions,  I must say that the brain nuclei I have just mentioned are not involved only in sexual behavior,   they are involved in many types of behavior such as aggressiveness, feeding, the stress response,  etc. 

Furthermore,  several brain areas not known to play a key role in reproductive functions are also sexually dimorphic in mammals.  The globus pallidus,  a large nucleus deep in the hemisphere,  is sexually dimorphic in humans,  with boys and men having a larger one than girls and women.  This particular nucleus has classically been considered to have a primitive motor role in humans.  However,  recent research has shown that the globus pallidus is very intimitaley linked not only with the emotional part of the brain called the limbic system,  but also with the intelligent part of the brain called the cortex,  particularly the part that controls action  -namely the frontal lobes.   In fact,  it is now well established that the globus pallidus contributes to the emergence of appetitive behavior because it injects « reward »  into the neural stream.   Furthermore,  this nucleus is also involved in psychomotor baseline,  a property that is inferred from the effects of its destruction in humans in both hemispheres:   indeed one of the effects of such a lesion (which occurs in hepatic encephalopathy,  in Hallervorden-Spatz disease or carbon monoxide poisoning),  is severe apathy.   In addition, agitated schizophrenics have enlarged globus pallidi.  In the case of hyperactive children,  it has been found that the larger the right globus pallidus is,  the more hyperactive the child is.   Since we know that the human male is more turbulent and is more of a hedonistic pleasure seeker (drugs, alcohol, sex, gambling, sports), in a sense,  one could consider that the globus pallidus might be a  «masculine» brain center.  Since there is no such thing as a brain nucleus which exists only in one sex,  what we mean by a masculine or feminine brain center is one which grows bigger (the masculine center) or shrinks (the feminine center) under the influence of prenatal or postnatal testosterone.

The corpus callosum (a structure containing approximately 700 million neurons linking the neocortices of each hemisphere to each other) is larger in male rats, and this sex dimorphism can be reversed either by perinatal injections of testosterone into female rats or of female hormones into male rats.  

The medial amygdala (a limbic structure located in front of the ear involved in emotion and memory,  and to some extent with sexual behavior) is larger in males of several species,  and its ultrastructure is also sexually dimorphic:  males have larger cell bodies and more synapses.   These sex differences can be reversed by perinatal injection of testosterone into the infant female.  

Nuclear and cytosolic androgen receptors in the limbic brain increase gradually over the first 10 days of life.  In general, nuclear receptor levels are higher in males than in females; however, this sex difference is most consistently seen in the amygdala.  The reader is cautioned that a recent attempt has been made to extend the finding of larger medial amygdala in males to the human species,  and failed.   The volume of the medial nucleus of the amygdala was determined in the right and in the left hemispheres in 17 human brains ranging in age from 35 weeks of gestation to 94 years of age. An analysis of covariance which adjusted for differing age and brain size distributions in the male and female samples showed no significant sexual dimorphism in medial nucleus volume. 

There are several indirect indications of sex differences in brain noradrenalin in mammals.  One important sex difference in one of the main sites of noradrenalin synthesis of the brain,  the locus coeruleus,  has been reported in rats.   The dorsal locus coeruleus was found to be larger in males.

Other sexually dimorphic brain structures include the anterior commissure (a structure similar to, but much smaller than the corpus callosum,  linking the anterior neocortices) and the habenula (a structure connecting the two sides of the brain within the thalamus,  which is itself situated right in the very center of the brain).  In several submammalian species, the habenula is known to contain receptors for sex hormones,  and also shows a sex difference with regard to concentrations of various neurotransmitters.   

Several studies have found subtle metabolic (gonadal hormone binding, neurotransmitter) sex differences in the arcuate nucleus (another hypothalamic nucleus) of several species,  including in rats and African green monkeys.   Finally,  several studies have found sex differences in brain nuclei involved in vasopressin physiology.  Vasopressin is a hormone which plays a role in blood pressure.   Men are more at risk for high blood pressure,  so a sex difference in the neural control of blood pressure has long been expected,  was sought,  and has been found.  The vasopressinergic innervation of the lateral septum (a limbic nucleus) is much denser in male than in female rats. One study demonstrated that, under physiological conditions, the development of this sex difference is dependent on the presence of androgens around the seventh postnatal day. It has been possible to induce in female or neonatally castrated male rats a fiber density as high as in control males by high doses of testosterone, given in the first, second or even third week of life.

The hippocampus is one of the major structures in the temporal lobe.   A sub-population of neurons in the hippocampus,  which use gamma-aminobutyric acid as their neurotransmitter,  is sexually dimorphic in prenatal rats. Males have more of these particular neurons.  Apparently,  a sub-population of hippocampal neurons which use noradrenalin as their neurotransmitter is also sexually dimorphic,  also in rats,  an effect which has been found to be reversable by prenatal maculinization of females.   In voles (a sort of mouse), kangaroo rats, gerbils and laboratory mice the hippocampus is larger in adult males than females and in the first four of these species hippocampal size is correlated with (related to) spatial ability.  In chapter 3,  I explain that spatial ability is greater in males in most mammalian species studied to date.  Evolution of traits is driven by adaptational advantages which allow species to settle into a specific ecological niche.  It seems that the hippocampus is important for spatial orientation and spatial learning.   But there are many types of spatial orientation and spatial learning,  and the specific contribution of the hippocampus to each of these has not yet been exhaustively explored by scientists.  Females of the brood-parasitic brown-headed cowbird (Molothrus ater) search for host nests in which to lay their eggs. Females normally return to lay a single egg from one to several days after first locating a potential host nest and lay up to 40 eggs in a breeding season. Male brown-headed cowbirds do not assist females in locating nests. One group of researchers predicted that the spatial abilities required to locate and return accurately to host nests may have produced a sex difference in the size of the hippocampal complex in cowbirds, in favor of females. The size of the hippocampal complex, relative to size of the telencephalon, was indeed found to be greater in female than in male cowbirds. No sex difference was found in two closely related nonparasitic icterines, the red-winged blackbird (Agelaius phoeniceus) and the common grackle (Quiscalus quiscula). These authors believe that differences among these species in parental care, migration, foraging, and diet are unlikely to have produced the sex difference attributed to search for host nests by female cowbirds. This is one of few indications, in any species, of greater specialization for spatial ability in females and confirms that use of space, rather than sex, breeding system, or foraging behavior per se, can influence the relative size of the hippocampus.  Another  study compared male and female hippocampi and spatial ability in wild-caught black-capped chickadees (Parus atricapillus). There were no sex differences in hippocampal size or spatial ability.  This suggests that the sex difference in spatial ability could be a specifically mammalian trait and could be heavily dependent upon the hippocampus.  However,  in birds,  it seems possible that only certain spatially demanding adaptations might present with such a sex difference,  which could be opposite to that observed in mammals.   One investigation found that hippocampal neurons sensitive to mineralocorticoids (a hormone secreted by the adrenal gland) known to be involved in the brain’s response to stress recover (return to baseline activity levels) more quickly after stress in adult male than in adult female rats. One recent study analyzed hippocampal tissue of the right and left  hemispheres excised from men and women with epilepsy.  The findings were reported to suggest greater hippocampal lateralization in men than in women with higher hippocampal neuronal connectivity on the left in males than on the right.   Prenatal androgens and estrogen influence sex differences in adult spatial navigation and exert differential effects on hippocampal CA1 and CA3  pyramidal neuron morphology in rats (Sengelaub, 1998).  

There are several indications that cerebral neocortex (the more evolutionarily recent part of the cortex -comprising six layers of neuronal types) is somewhat sexually dimorphic in humans.   The Sylvian fissure is a cleft between convolutions of the brain so big that it is recognized as a border between the frontal and temporal lobes of the brain,   and the end point of its rear extension is one of the markers used to define the beginning of another lobe,  the occipital lobe.  It has long been known that the Sylvian fissure does not have the same length in human males and females,  suggesting that the cortex surrounding it may be organized differently.  Only recently have researchers investigated the possibility that cortical language areas of the left hemisphere might be relatively more voluminous in women than in men.   This hypothesis makes obvious sense on the basis of what we know about sex differences in cognitive ability (see the next chapter).  A team of Dutch researchers analyzed human fetal brains in 1991.  They found that striate and extrastriate cortices  (parts of the the occipital lobe cortex dealing with vision) were far more asymmetrical in male brains than in their female counterparts (M = 33%; F = 13%). Overall indexes of asymmetry indicated that, on the average, volumetric asymmetries in the male brain favored the right hemisphere. In contrast, the human fetal female was likely to have two hemispheres of the same size or a left hemisphere that was slightly larger than its right counterpart. The authors believed,  at the time of their publication, that these results supported the hypothesis that testosterone in utero may lead to a more rapid growth of the right hemisphere or, alternatively, retard the growth of the left hemisphere.  This finding is all the more interesting in light of the fact that the structure of individual neurons in this part of the cortex has been found to be sexually dimorphic in rats. One study found specific sex differences in the development of dendritic spines (tiny studs on the receiving end of neurons) in the apical shaft (the main trunk of the arborization of dendrites) of visual cortex pyramidal cells (their cell bodies are prism-shaped). An Australian research team recently looked at 11 brains of women and 10 brains of men with this hypothesis in mind.  The results were astounding.   Overall hemispheric asymmetry was similar for the two sexes,  and asymmetry of the anterior pole of the two frontal lobes was identical.   However,  the volume of the left planum temporale (the top surface of the temporal lobe) and of the left Broca's area (a cortical area at the foot of the frontal lobe) relative to whole brain volume,  was very sex-dimorphic.  First, I must explain that these are the main language areas of the brain.  The left planum temporale is the area most important for understanding spoken language.  The left Broca's area is the most important area for the expression of intelligent speech.  Women had a relatively larger planum temporale by a whopping factor of 29.8%  and a larger Broca's area by a factor of 20.4%,   and both of these sex differences were statistically significant!   It is amazing that this sex difference had not been observed before 1997.   Of course,  the samples used in this particular recent investigation were small.  So it is with trepidation that we await replication.  Replication is all the more important since one older study actually found that the planum temporale,  was more asymmetric (larger on the left) in men than in women. However, recall that the Australian study was not looking at zone-by-zone asymmetry per se...  

Taking our own advice,  my colleagues and I attempted to replicate and extend the findings of predecessors with regard to gender differences in volumes of various brain areas  -including the right and left plana temporale and parietal and frontal lobes.    We obtained magnetic resonance images of the brains of 50 normal healthy adults,  24 women and 25 men.    We derived measures of volume of the whole brain,  of the right and left complete plana temporale (the left one of which is important for the understanding of speech),  of the frontal lobes at the coronal slice (this is a plane separating the front of the brain from the back of the brain)  containing Broca’s area (an area the left one of which is important for speech production),  of the parietal lobes at the coronal slice corresponding to the mid-posterior parietal lobe (an area the right one of which is important for visuospatial processing).  We also measured the volume of the entire parietal lobes.  First we found that the men’s whole brains were indeed significantly larger than those of the women (by 5 %),  a finding which has been reported many times before.    Second,  we found that several of these structures were indeed significantly asymmetric in the group as a whole.   For example,  the planum temporale was larger on the left side by 5%,  while the parietal lobe was larger on the right side by 3%, and the right frontal cortical contour (including Broca’s area) was larger on the right by  2%.   Third,  we did not find that any of these areas manifested any sex-specific asymmetry,  once adjusted for whole brain volume.  Only one sex difference approached significance:  the left posterior parietal contour was larger in the men than the women,  but the effect fell short of statistical significance (i.e.,  instead of 5% or less probability that the effect could be due to chance,  there was 7% probability).  This asymmetry is in the direction opposite to that which we would have predicted from findings of parietal lobe asymmetry gender differences in rats.  So,  in fact,  we feel that previous reports of human gender differences in cortical asymmetry should be considered with great caution.
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Figure 3.   The only structure that can be seen when the brain is viewed from the side is the cortical mantle or cerebral cortex.  It is organized,  like a walnut,  into bumps (gyri) and crevasses (sulci and fissures).  There are five pairs of lobes (frontal in front,  occipital in back, temporal on the side,  parietal between the frontal and occipital,  and insular -tucked in, and invisible here, behind the temporal lobe).  Each lobe is further subdivided into areas such as the anterior expressive speech area,  Broca’s area,  and the posterior receptive speech area,  Wernicke’s area (the temporal lobe part of which is called the planum temporale):  these two are believed by some to be sexually dimorphic.

Sex differences in cerebral cortex open a Pandora’s box.   Indeed,  to the extent that such sex differences exist,  it becomes plausible to start thinking about biologically based sex differences in higher order cognition  -an agenda which seems to disturb a great many people when they are superficially exposed to such findings.   We will need to be prudent in constraining our interpretations of sex differences in cerebral cortex.   For one thing,  it will be important to carefully determine the phylogenetic trajectories of such sex differences.  Where in evolution do they begin to emerge ?   Are they observed consistently across species ?    We have very few answers to these questions. Layer IV of rodent somatosensory cortex contains distinct arrangements of cells characterized as barrels. When barrels first form in rats, each barrel consists of a cell-dense "wall" and a cell-sparse "hollow."  With age, the distinction of the boundary between barrel walls and hollows diminishes. In one investigation, cellular arrangements within barrels were quantified to test whether the barrels are influenced by sex and manifest changing laterality (asymmetry) during cortical development. A computer-assisted method was developed to measure cell densities in relation to barrel boundaries. The boundaries between barrel walls and hollows were determined in tissue double-stained for Nissl substance and cytochrome oxidase histochemistry. The distinction between barrel walls and hollows revealed by Nissl stains differed significantly between anterior and posterior barrels (these stains help distinguish cell bodies of neurons more clearly).  Twenty days after birth, the detectable barrel cortex area was larger on the right in females and on the left in males resulting in a significant sex difference in barrel cortex asymmetry. This sex difference in barrel cortex laterality was detected only in Nissl-stained tissue. There were no differences attributable to sex or side in barrel cortex area analyzed for cytochrome oxidase reactivity. The authors believe these sex-dependent differences in barrel cortex structure result from lateralized differences in cellular organization.  Sexually dimorphic brain areas are summarized in table 1.

Table 1

Synopsis of brain differences between the sexes

	Sexually dimorphic brain areas 
	Some functions assigned to these areas

	Cortex
	Language,  visuospatial perception

	Corpus callosum
	Interhemispheric relay

	Anterior commissure
	Interhemispheric relay

	Hippocampus
	Spatial memory

	Amygdala
	Emotional tone,  immunomodulation

	Preoptic nucleus of the hypothalamaus
	Appetitive behavior, male-specific sexual response

	Ventromedial nucleus of the hypothalamus
	Aversive behavior,  female-specific sexual response

	Interstitial nucleas of the anterior hypothalamus
	Sexual orientation and possibly sexual identity

	Suprachiasmatic nucleus of the hypothalamus
	Sexual orientation

	Bed nucleus of the stria terminalis
	Immune function, stress response

	Interthalamic habenula
	Motivation, reinforcement and reward

	Globus pallidus
	Reward systems,  psychomotor baseline level

	Bed nucleus of the stria terminalis
	Sexual identity

	Periaqueductal grey matter
	Sexual behavior

	Locus coeruleus
	Sleep-waking cycle, activation


What is the significance of the male preponderance of left handedness ?    It has long been known that there are more left handed boys and men than there are left handed girls and women.   I have found close to a dozen studies having carefully investigated this issue,  so that we can now estimate the gender-specific prevalence rates over tens of thousands of cases.   The male/female ratio of left handedness in these studies varied from 1.3:1 to 2:1 (the average was 1.5:1) with every single study reporting higher prevalence in males,  and the majority obtaining a statistically significant effect.   The higher prevalence of right handedness in the female human is observed as early as it can be measured.   Prior to this,  in infancy, motoric lateralization has to be studied either by observing spontaneous movements,  or by testing reflexes on each side of the body.  One investigation found that there was a sex difference in asymmetry of three foot reflexes in newborns: females were right biased, but the majority of males were left biased.

Handedness is highly hereditary.  This influence is the primary one.  Indeed heritability estimates derived from concordance rates of homozygotic (from one ovum) and dizygotic (from two ova) twins are very high.  Also,  it appears that the hereditary determination of handedness can supercede the hormonal determination:  there have been reports of cases of left and right handers with androgen insensitivity syndrome.  In this syndrome,  every cell of the body is insensitive to androgens,  so that genetic males actually look very much like females.   If testosterone were an important determinant of left handedness,  as has been argued by Geschwind and his colleagues,  then all these cases should be right handed.

A subtle prenatal hormonal modulation of handedness certainly exists. Prenatally masculinized women,  whether by synthetic estrogen (diethylstilbestrol,  i.e., DES) or by adrenal hyperplasia are more prone to left handedness (see chapter 7 for additional details).   Likewise,  Nass and colleagues (1987) found that women masculinized by congenital hyperplasia were more often left handed than their normal sisters.  

However,  another factor may be involved.   To understand the neuropsychology of handedness,  it is imperative to grasp that motor control is contralateral in mammals.  The left hemisphere controls the muscles of the right side of the body,  and the right hemisphere controls those on the left.  The male sex is more at risk for prenatal diffuse brain damage (cerebral palsy, epilepsy, mental deficiency, hydrocephalus) and focal brain damage as well (cerebrovascular accident, localized dysplasia) (see chapter 6).   Diffuse brain damage is associated with left handedness,  independently of gender.  For example, there are also slightly more left handers among stutterers,  dyslexics,  mental retardates,  and autists.  Incidentally,  these are all male-prevalent conditions.     It is supposed that early disruptions of brain development place the individual at risk for deviation of a delicate bifurcation leading to right or left handedness.   Focal lesions have a more dramatic effect.  When the prenatal or perinatal lesion is in the right hemisphere,  the bearer of the lesion is even more likely to become a right hander than otherwise.   However,  when the lesion is "strategically emplaced" in the left hemisphere,  motor control functions may shift to the opposite hemisphere,  leading to left handedness.   In either case,  the male sex is more at risk.  

In short,  there are in fact three causes of left handedness:  heredity, prenatal testosterone,  and brain damage  -and of course,  these three factors interact.

There is no statistically significant difference between intelligence on IQ tests between left handers and right handers.   The next logical question would be whether left and right handers differ as to cognitive profiles (verbal versus visuospatial).    Unfortunately,  IQ tests are not very adequate for answering this question:  IQ test items were constructed or selected, at outset, so as to reduce,  as much as possible,  sex differences,  and this had the effect of also reducing differences between left and right handers.  It is more relevant, I think, to look at research which selected tests designed to measure hemispherically specialized functions -which is not the case of IQ tests.   One set of studies carried out by Harshman and colleagues found that left handed men perform worse that right handed men on visuospatial (right hemisphere) tasks and yet better on certain verbal (left hemisphere tasks).   However,   these results could only be extracted when “reasoning ability” had been partialed out (i.e., statistically controlled).    While these studies are important and useful,  it is most pertinent, I think,  to review investigations exploiting the two experimental neuropsychology techniques I outline in chapter 3:  dichotic listening and tachistoscopy.  A neuropsychologist called Jerry Levy has posited that women’s brain organization in charge of cognition resembles that of male left handers.  Indeed,  dichotic listening asymmetries and half-field effects of left handers generally resemble those of women.   Levy proposed that cognitive functions are more bilaterally represented in women and that they are more hemispherically lateralized in men: verbal functions being located more in the left hemisphere and visuospatial functions being located more in the right hemisphere.    She also argued that the visuospatial function is generally more efficient when it eschews verbal strategies.  In other words,  she stated that the visuospatial function is better processed by a specialized network located in one hemisphere and shielded from verbal interference (men),   than by a non-specialized network located in both hemispheres (women).   In short,  the neuropsychological significance of left handedness is very perplexing: though men are more often left handed,  left handers have cognitive profiles like women.

Sandra Witelson has proposed an intriguing neurodevelopmental model which seeks to explain sex differences not only in handedness but also in hemispheric asymmetry. She developed the hypothesis that naturally occurring loss of axons of the corpus callosum (either symmetric or asymmetric, with or without neuron death) may be one mechanism underlying the embryological development of hand preference and hemispheric anatomical and functional asymmetries in males. Specifically,  she suggests that there is a subtle deficit in natural neuronal mortality,  in healthy pruning of the male brain,  during gestation.  Supporting evidence for this hypothesis is noted from a report of increased prevalence of left-handedness in children born prematurely at the gestational age prior to the likely onset of axon loss.

Animal research into motoric asymmetry is globally concordant with the human handedness literature.   Indeed female rats are generally more motorically lateralized than the males.   Though there is no overall right or left paw preference in rats,  each animal can be shown to prefer one or the other paw   -when required to reach into a container for food.   Females show stronger preference for their preferred paw.  In other words,  they are more consistently lateralized.    Postural asymmetry is easy to measure in rats:  the tail is either to the right or to the left.  Here also,  females are more lateralized.   Rotational behavior can also be measured in terms of motoric asymmetry:  rats turn more to the left or to the right.  Females are more consistently asymmetric.    These sex differences (which we suppose operate in the brain) are mediated by gonadal hormones.  Indeed,  gonadectomy attenuates the asymmetry in females but has no effect in males.   Estradiol injections and naturally occurring estrous both increase the turning asymmetry observed in females.

Chapter 3

Sex differences in behavior and cognitive abilities

The psychology of sex differences has been the subject of much popularization.  Several books have been written on psychological, behavioral and cognitive (intellectual) differences between infants, children and adults of each sex by competent scientists for the general educated public.  Infant boys are believed to be more turbulent and fearless and exploratory than infant girls.  School age girls and women are reputed to outperform school age boys and men in discrimination of speech sounds,  fine motor dexterity (elocution,  writing, typing), reading,  singing -and several other abilities which I shall mention later.  School age boys and men are reputed to outperform school age girls and women in mathematics, mechanical reasoning, raw strength, physical endurance, most sports -and several other abilities which I shall mention later.    Finally,  females outperform males,  including in humans, on tasks of odor discrimination.  One study ascertained the generality of a sex difference noted in odor identification ability.   The University of Pennsylvania Smell Identification Test (UPSIT) was administered to four groups of subjects: Black Americans (n = 438), White Americans (n = 1559), Korean Americans (n = 106), and Native Japanese (n = 308). The women of all four groups outperformed the men to the same relative degree. The Korean American group performed better than the Black and White American groups, which, in turn, outperformed the Native Japanese.  A female superiority in olfactory discrimination has also been observed in rats. Women’s olfactory discrimination has been found to peak around ovulation and to reach its trough at menstruation.  Taken together, these data suggest that sex differences in odor identification ability, in humans,  are probably not much due to ethnic or cultural factors, per se. I am interested in trying to understand the biological underpinnings of these sex differences,  and that will be my special focus.   Unfortunately,  very little is known about several such biological mechanisms in humans,  so I will focus more than most psychologists on animal research and on those sex differences that I somehow manage to fit into the biological modeling that I have been developing over the years.  

Sex differences in infant psychomotor function.  There is huge overlap between the sexes in sexually characteristic behavior in newborns and infants.  In other words,  there are hardly any sex differences at all.  The behavioral domain in which most of the sex differences have been observed, I think,  is the domain of psychomotor function.   Psychomotor function can be conceived in a wide ranging manner.   A French medical doctor and theoretician named Henri Wallon had such a view of psychomotor function.   His numerous publications during the first half of the century led to what is now called the French school of psychomotricity,  whose adepts and practitioners intervene clinically  -inspired by Wallon’s theory of psychomotor development.   This school of thought considers that the infants’ tendency to explore the environment,  its’ general muscle tone,  the strength of its grabbing (prehension),  its’ tendency to stand up early,  its’ general level of activity,  and even its’ character,  are all phenomena within the domain of psychomotricity.    In a recent book,  published in 1997,   Roger Deldime and Sonia Vermeulen presented a table proposing that this whole domain of psychomotricity expresses itself somewhat differently in infants of either sex.   Their main point,  I think,  is that human male infants are somewhat psychomotorically precocious.  See table 2.

Table 2

Summary of differences between hypertonic and hypotonic babies

	
	Hypertonic babies
	Hypotonic babies

	Proportion  of boys and girls
	more  boys
	more girls

	Standing position
	precocious
	tardive

	Walking
	precocious
	tardive

	Prehension
	tardive
	précocious

	Mobility
	excessive
	limited

	Character
	irascible, less fixed in adulthood
	fearful, affectionate, dependent


From Deldime, R., & Vermeulen, S.  (1997).  Le développement psychologique de l’enfant (7ième édition).  Bruxelles:  De Boeck & Belin.
This point of view,  according to which boy infants are psychomotorically precocious, has recently been corroborated by June Reinisch. She collected data from maternal observations of the day of initial attainment for each of 10 developmental milestones for a cohort of 4,653 infants. Three milestones were reached significantly earlier in boys than girls, while none of the milestones appeared earlier in girls than boys. Of the 45 intervals between milestones, 7 were longer in boys and 12 were longer in girls.  Of course,  the very early developnmental milestones mostly consist of psychomotor behaviors.

Sex differences in turning behavior.    A large body of literature has documented the existence of individual preferences in turning direction among rodents which appear to be dependent on striatal dopaminergic mechanisms. The striatum is a group of neuronal aggregates embedded near the center of the brain known to play an important role in primitive aspects of movement.  Recent work has indicated that humans also demonstrate individual turning preferences, and that these preferences may also be related to the nigrostriatal dopamine system.  This system is a particular network whose input starts in a brain nucleus called the substantia nigra and consists primarily of neurons which use dopamine as their neurotransmitter.  One team of researchers recently developed a new method for measuring turning preferences in humans.  They reported a sex difference in the magnitude of the directional preference. While both men and women tended to turn towards the right, this tendency was significantly stronger among women. Analyses of test-retest reliability across two sessions (1-2 weeks apart) indicated that, in general, the rotation task elicited consistent turning biases. However, the turning biases of men and of women using oral contraceptives were significantly more consistent than those of regularly cycling females. These results are compatible with the animal literature and provide indirect evidence that ovarian hormones may modulate the mechanism(s) underlying this motor asymmetry.

Sex differences having to do with aggressiveness and fearfulness.   Though there are several bits of evidence to the effect that the human male is more aggressive from infancy and early childhood on through adulthood -as in most mammals,  I will first review the evidence in adults. 

As is the case for all the psychological traits which are relatively sex-specific in humans,  aggressiveness certainly is socially conditioned.  However,  not only is there a biological component to aggressiveness,  but there are several distinct types of aggressiveness in mammals:  predatorial,  self-defense,  territorial, sexual,  protection of offspring, etc.  Though brain circuits are basically the same for all these types of aggression,  there is some specificity of the brain physiology underlying each type of aggressiveness.    The environmental context favoring expression of these types of aggressiveness is also distinct.   The male mammal is usually more territorially aggressive than the female.   The female mammal typically spends more time nurturing the offspring. People’s exposure to frustration is a major cause of violence. Rhawn Joseph has stated that the limbic system (emotional brain) of men is wired in such a manner that aggression produces pleasure.   Indeed there are many examples of male animals going out of their way to accede to a fight.   He states that women’s limbic systems are wired more to derive pleasure from nurturance.    However, neurobiological details of this hypothesized sex difference in “wiring” remain to be discovered,  so that at present,  Joseph’s point of view should be considered speculative.   

It is perhaps not so surprising then that statistics prove that man-to-man violence is much higher than woman-to-woman violence and that infanticide is more frequently mother-to- (male) child,  than father-to-child.   Of course, everybody knows that the human male is generally more aggressive than the human female (Maccoby & Jacklin, 1980).  The vast majority of assaulters causing bodily harm,  and of murderers,  are men.  However,  their victims are far more often other men (who I suppose are themselves relatively aggressive).  In the United States today,  the risk for a black male of being killed is 1 in 30;  for a white male, 1 in 179,  for a black female, 1 in 132,  and for a white female, 1 in 495.   The U.S. Bureau of Census stated in 1989 that 94% of all American prisoners were of the male sex.  

Though there are obvious and outstanding sociocultural factors involved in all kinds of human aggressiveness,  there is also an endocrinological and neurobiological underpinning, as in other species.   Male mammals as a whole are more aggressive than females mammifère en général (Wallen, 1996).  There is an interesting and notable exception:  hyenas.  Female hyenas are larger, more vicious and more dangerous than the males.  But then,  they are stuffed with testosterone...  to such a point that their clitoris looks like a large penis.   A rat fetus which is masculinized by an appropriate single dose of steroid hormone of the opposite sex will undergo a sex-change in level of aggressivity which will be apparent in adulthood. So-feminized males will be less aggressive,  and so-masculinized females will be more aggressive once they reach adulthood. Testosterone injections increase aggressiveness in rodents and primates even when administered in adulthood (see Van de Poll et al, 1981). Castration inhibits aggressiveness in several mammalian species including humans (ww)  Birds,  like many other animals,  have love seasons.  These seasons are the period of the year where they mate and keep territory for nesting.  The circulating testosterone of the males of these species is higher during this season,  and they are more aggressive (Nottebohm, 1970).  Both male and female levels of aggressiveness are increased,  in monkeys,  by injections of androgens.  It seems that humans resemble other mammals in this respect:   a recent study investigated 87 female inmates,  several of whom were quite aggressive.   The aggressive women had significantly higher levels of testosterone in their blood.

The most extreme form of aggressiveness in humans is observed in psychopaths.   Now some of the interesting findings in psychopaths is that they are of the male sex nine times out of ten, that adult psychopathy is usually traceable back to childhood (oppositional disorder) and even infancy (difficult temperament),  and finally that antisocial adults have significantly higher levels of circulating testosterone than normal controls (see chapter 11 for more details).   

Another piece of evidence of prenatal hormonal mediation of the life-long disposition toward aggressivity has been provided by studies of fetally androgenized women.  The two most common forms of fetal masculinization are progeny of women having been prescribed synthetic hormones (ex: diethylstilbestrol or DES) during pregnancy and the androgenital syndrome which results from congenital adrenal hyperplasia (CAH) of the pregnant mother or of the fetus itself,  resulting in overproduction of androgens.

One study (Helledey et al, 1993) investigated personality traits and platelet monoamine oxidase (MAO) activity (a marker of serotonergic neurotransmission) in 22 women (aged 17-34 yrs) with prenatal virilization due to CAH due to 21-hydroxylase deficiency and in 22 healthy controls. The CAH group differed significantly on 2 scales of the Karolinska Scales of Personality which have shown significant gender differences. Both differences were in the masculine direction, with a high, male level, score for Detachment and a lower score for Indirect Aggression. There was no significant difference in platelet MAO activity between the CAH group and the controls. Although an influence of psychosocial factors cannot be excluded, results suggest a possible association between prenatal androgen exposure and the high Detachment score for the CAH group. Gender differences in empathy, affiliation motivation, intimacy, and maternal nurturant behavior may be relevant parallels.  Another study  (Berenbaum & Resnick, 1997) compared very young, less young and adult CAH girls and control groups.  The CAH groups were more aggressive on several measures.  Similar results have been reported by Reinisch and colleagues (1981).  Hines and Kaufman (1994) compared CAH girls to controls to determine whether they prefer « rough and tumble » play.  There were no group differences in that respect,  but the CAH girls prefered boys as playmates.  Of course,  CAH is not the most critical test of hypotheses about hormonal masculinization.  Indeed,  masculinization varies in this syndrome from negligeable to very marked.  

One study investigated boys with androgenital syndrome resulting in excessive fetal exposure to androgens.  Though these boys engaged in rougher and more sports,  these boys were not more aggressive than controls (Reinisch & Sanders, 1992).  Because non effects like this are frequently observed in psychoendocrinology,  it is commonly believed that there are saturation points for various hormonal effects on the brain which are sex specific.   In other words,  nature cannot easily «masculinize» a male fetus or «feminize» a female fetus. However,  it must be recalled that there are many other biological factors of male-typical behavior (genes, neurotransmitters, later occuring hormones, low levels of the sex hormones of the opposite sex,  etc).   Also,  it is always a good idea to reserve judgment on negative findings.

Reinisch and colleagues found that women born of DES-treated mothers (synthetic estrogens were administered in the 50s to prevent miscarriage),  the former of which are known to be somewhat masculinized as a result,   were also significantly more aggressive than their unexposed sisters.  In another study by the same author,  the effect of maternal treatment with a synthetic progestin (19-NET,  or 19-nor-17-alpha-ethnyltestosterone) on offspring’s aggressiveness was studied.  Offspring of both sexes were more aggressive than control same-sex siblings (brothers or sisters). Synthetic progestins are known to masculinize animal and human fetuses. 

One study investigated boys of diabetic mothers exposed to high doses of estrogens during pregnancy.   Both the estrogen-exposed girls and boys manifested significantly lower levels of aggressiveness.  In humans,  androgens may not be the only hormone prenatally involved in fixing future levels of aggressiveness.  In fact,  prenatal androgens have been shown to predict the degree of activational effect pubertal sex hormones will have many years later.   The brains of prenatally masculinized animals are less affected (transformed) by pubertal estrogen in several species.  Specifically,  prenatal masculinization results in a gradual reduction of the number of estrogen receptors in the brain.   Not all hormonal influence on aggressiveness is prenatal.  Castration of adult male mammals usually has the effect of reducing their levels of aggressiveness.  Prenatal androgenization of macaque females increases levels of aggressiveness observed in adulthood.  In similar experiments with rats,  the same effect could be obtained by prenatal androgenization or estrogenization.

I have always found it intriguing that the obvious opposite of aggressiveness,  fearfulness,  has not been an object of much neurobiological study or commentary.   It is a very basic mammalian trait that when cornered,  the two options available to an animal are "fight" or "flight".    In other words,  these two behavioral dispositions are linked opposites.   When an animal has a high disposition for one of these traits, it usually has a low one for the other.   Fear can be just as handicapping a state,  in humans,  as aggressivity.   It paralyzes,  it constrains the range of activities,  it makes a person dependent,  it makes a person weak and despondent,  it confines a person to intellectual, emotional and even to financial poverty.   It  imposes on people a boring narrow life.   It must end up being terribly depressing.   Everybody knows that women are more fear prone than men (see Johnsen & Hugdahl, 1990).  One study evaluated Norwegian versions of 4 phobic fear questionnaires in 248 university students in Norway. The scales were (1) the snake questionnaire and the spider questionnaire; (2) the Fear of Flying Scale; and (3) the Fear Survey Schedule. High internal consistency and high test-retest reliability were found for all questionnaires. A low to moderate degree of intercorrelation between the questionnaires appeared, and a clear sex difference emerged in responses to all the questionnaires.  Women consistently reported more fear than men.   Is anything known about the neurobiology of fear ? In a first pass,  I would say that it can all be inferred.  Everything particular about aggressiveness should be negatively correlated with fearfulness.  Though this seems highly likely,  it remains to be proven and deserves much more scientific attention than it has yet received.   The most extreme form of fear in humans is phobia.   The type of phobia which has most been studied neurobiologically,  I think,  is anorexia nervosa,  phobia of fatness.  Nine anorexics out of ten are female.  Now anorexics are known to have a complex set of imbalances of the hypothalamo-hypophysial-adrenal axis.  Testosterone is low compared to controls in human anorexics of both sexes. The abnormality of estrogen metabolism appears to be more complex.  In women anorexics, it has been proposed that the hypothalamus does not respond normally to the negative feedback effects of estrogen affecting luteinizing hormone -thus explaining the amenorhea (loss of menses) as well as dysregulation of appetite.  Rat anorexia is favored by high estrogen and low testosterone,   and administration of testosterone has been reported to significantly help both male and female human anorexics gain weight (see chapter 11 for more details on anorexia nervosa).

Sex differences in play behavior.    It could be debated whether the neural determinants of sex differences in play behavior are different from those involved in the expression of aggressiveness and fear.   At any rate,  there is little debate about the greater propensity of male mammals (including humans) for « rough and tumble » play (Graves, 1978; Pellegrini, 1989; Rosenthal, 1983).  In humans, this male trait appears to be manifest in a widely differing cultures (Freedman et al, 1979).  The human male infant even appears to be slightly precocious than the female in his motor development,  probably because of this gender difference (Deldime & Vermeulen, 1997;  Reinisch et al, 1991).  Sex differences in social play in lower mammals, like rats, appear to be more quantitative than qualitative, referring to frequency and not the form of the behaviors  -but in higher mammals there are some clear qualitative differences as well.  For example, juvenile male primate social rank correlates with number of peer social interactions, which predominantly take the form of play-fighting. Females on the other hand appear to spend less time play-fighting and spend more time waiting and competing for interactions with infants, i.e. play-mothering, whereby they acquire the motor skills necessary for handling infants (Erhardt, 1984).  

Whereas increased perinatal exposure to exogenous testosterone masculinizes social play, experimental manipulations of androgen levels after this period (i.e. following critical periods for neuronal differentiation) apparently have no effect on the expression of social play. This effect appears to involve, at least in part, androgen receptor occupancy in the amygdala. In the rat, there is a prominent sex difference in nuclear-bound androgen receptors in the amygdala during the sensitive period for the masculinization of play-fighting. Moreover, testosterone implants directly into the amygdala during this period masculinize social play in females (Meany & McEwen, 1986). Though the amygdala has not yet been investigated in this manner in monkeys as far as I could discern,  prenatal androgenization of female macaques has been reported to increase juvenile rough and tumble play (Goy et al, 1988).    Perinatal androgen exposure may also be important in humans, since girls born with congenital adrenal hyperplasia diagnosed and treated at birth still show male-like patterns of play (Hines & Kaufman, 1994).
In one investigation the effects of altering neonatal levels of progestins on the later development of social play behaviour was studied in rats. Progestin levels were raised in experiment one by administering injections of either progesterone or medroxyprogesterone acetate. Exposure to either hormone led to reduced levels of social play in juvenile rats of both sexes, confirming earlier reports of lowered levels of play following medroxyprogesterone obtained via maternal milk. In a second experiment, endogenous progestin levels were lowered by administration of the antiserum to progesterone. The prediction that this should result in raised levels of juvenile play was supported for males, but not for females.  Females in by contrast showed a decrease in play.  The reduction of play behavior by progestin in male rats has been reported by other investigators as well.  

Theories concerning the function of sex differences in social play often emphasize either the social or motor learning functions. However, such differences may reflect socio-biological and developmental cascades that are, in some way, initiated by perinatal hormonal events and then further modulated by hormones throughout development.

Do girls and women have a general superiority in verbal abilities ?   Women do not have a general superiority of verbal abilities  -even though this is a very common myth.  In fact,  on most tests of verbal function,  there exists no sex difference.  In other words,  women's verbal superiority is undetectable in real life.  It is only in certain very specific aspects of the language function that women are slightly superior.  For example,   women seem to do better than men on certain tasks of verbal fluency.  If you ask a person to state out loud as many words as possible within 4 minutes that start with the letter "s",   women will typically slightly outperform men.  However,  if you show pictures to people and ask them to name out loud what those pictures represent, without any time constraint, men do slightly better (non-significantly) than women.   Both these tasks have to do with our knowledge of words.   It is only in the way our memory store of words is accessed that very specific and artificial sex differences emerge.  One of the verbal skills which has been documented on a huge scale is performance on the verbal scale of the American scholastic aptitude tests (SATs).   Curiously, in 1967 there was a slight female advantage,  but by 1990,  males were superior and even more so than the females had been in 1967.   It is well known that men do better than women on analogical reasoning in the verbal domain.   It remains very difficult to link such sex differences to putative brain differences.  And switch-overs from one generation to the next certainly don't help support biological theorizing about such putative sex differences.   There is simply no reasonable simple neurodynamic explanation that comes to mind,  not to mine anyway.

Are men superior in visuospatial skills ?   It is commonly stated that men have superior visuospatial skills (maccoby & Jacklin, 1974).  This is also an overstatement.  While it is true that men are indeed significantly better on certain mental rotation tasks,  and discrimination of angles, there are several tasks requiring visuospatial analysis where it is women who are slightly superior.  For example,  women slightly outperform men on digit-symbol coding tasks,  tasks which typically form one of the so-called "Performance" IQ subtests.   Such tasks require matching of pseudo-geometric symbols (their discrimination, recognition and copy require visuospatial processing) with numbers by looking at exemplar pairs and completing matches of numbers by drawing in the missing symbols as fast as possible.     I have a feeling (it is a gratuitous speculation)  that if the time constraint were removed,  men would achieve a small advantage.  However,  even when there is no time constraint,  women do as well as men on some visuospatial tasks.  Rey's Complex Figure Test provides a case in point.  This test comprises a very complex figure comprising many angles and numerous different frames.  As far as my intuition goes,  this is a very "visuospatial" test.  The figure must first be copied,  and after several minutes of delay, it must be drawn from memory. There is no time constraint with regard to the time available for drawing.  Women do as well as men on this test. I suppose social gender-role specialists would love to argue that men could very well have superior mechanical reasoning abilities,  and by extension, visuospatial abilities,  because of their childhood and adult life experiences (taking apart toys for example).  But here's a challenge for the social gender-role approach:   If shown a beacon with a liquid in it,  a ground line,  and a water level,   men will detect more often correctly and more rapidly whether the water line is correctly parallel to the ground-line or not.   Who would seriously want to argue that men have more experience pouring liquids from beacons or containers ?  Beer drinking does not qualify when one drinks from the bottle...  Men are frequently found to have a just barely significant advantage on visual disembedding tasks.  Such tasks require that geometric forms (such as a three dimensional cube) be discerned even though they are hidden or embedded in a complex arrangement of lines and angles.  In my own research,  I have been compelled to recognize the male superiority in at least one aspect of visuospatial processing.  In an investigation of 175 men and 175 women,  very well matched for age and education,  I found that men were significantly superior on a test called the Porteus Mazes test.  In this test the subject must draw a line from the center of a complex maze,  avoiding numerous dead end channels, to finally emerge at one extremity of the maze.  The test can  be completed most efficiently if the person is able to visualize the whole path,  keep it in memory,  and then draw the trajectory in a single go by duplicating the mental image.  Though these were very large groups,  the sex difference was barely significant.  Yet to my surprise,  it transcended another much touted sex difference, namely the female advantage in verbal fluency.  Indeed these same subjects had completed a verbal fluency test called the Controlled Oral Word Association Test (COWAT).  Though the women did better,  the sex difference did not reach the threshold for statistical significance. Years later,  I came to realize that Porteus himself had observed the same sex difference on his own test when he compiled his own norms.  This sex difference has often been ignored in the mainstream literature.  The advantage of men on mental rotation tasks is probably the best established male advantage.  Tests which show this sex difference are of several sorts.  Several tests of visual aspects of mechanical reasoning have been found to yield this effect.  Another procedure consists of depicting a number of tridimensional (height, length, depth) block constructions rotated along one or two axes (right/left,  front/back) and requiring the subject to identify which assemblies are the same and which are different.    Finally,  one test presents to the subject pictures of tridimensional cubes with one or several black or white sides out of the total of six.   The subject must then look at unidimensional models, resembling flat paper cut-outs of the cubes,  as if prior to their being folded into the tridimensional cubes.   The subject is required to discriminate identities and differences between the uni and tridimensional versions.

A biological determination of male superiority for visuospatial processing,  would seem far more plausible to me if it were consistently observed in other species.   Don't you feel the same way ?  Male rats consistently learn to negotiate a maze (labyrinth) more quickly and with fewer errors than females,  -even though there are many other forms of learning where they have no superiority to females (object discrimination,  etc.).  It is even more interesting to note that a single feminizing injection of the male rat fetus will prevent him from showing the male-typical advantage at adulthood.  Likewise,  a single masculinizing hormonal injection of the female rat fetus will procure for her the male-typical advantage in maze learning.  However,  not all of the hormonal determination of this sex difference is prenatal (organizational).  One study found that the male rat advantage in spatial learning could be reversed by a single dose of estrogen applied to adults.  Furthermore,  one recent study found that female rats are worse at estrous than at diestrous,  and that female rats show a decrement in spatial learning following ovariectomy (removal of the ovaries).  Hormonal determination of cognitive differences between the sexes is an ongoing affair throughout life.  Researchers have even been able to show that female rats,  like women,  prefer to navigate in a maze by using object-markers situated along the trajectory,  -whereas male rats, like men,  prefer to rely on coordinate-space markers,  and ignore the objects along the way.    Here's what I mean by use of "coordinate-space" markers.   You want to go visit aunt Harriet at the other end of town.  You have been there once before,  ten years ago.  You don't bother looking at the map, or asking for directions.  You hop into your car,  and rely on your image of the trajectory -which in your memory is a mere vector (direction).    You figure she lives exactly Northwest from you ten miles away,  so you just head out in that general direction,  doing the right and left turns often enough and regularly enough to keep you on that vectorial track.  I tried to find evidence in the literature of a spatial advantage of male monkeys.  It seems that such important research,  on the specific theme of visuospatial ability, remains wanting.  The rat model of cognitive sex differences in visuospatial ability is extremely useful and convenient but it would be truly useful and important to carry out such studies with monkeys  -a wonderful doctoral thesis for the taking.  Even the rat model is problematic.   For example,  because there exists an intimate link between estrogen and androgen metabolism in the brain, masculinizing effects of estrogen injections on brain anatomy [SDN-POA] and behavior have been found by the neuroendocrinologist Dohler.  And two researchers named Williams and Meck found that even lordosis and maze learning could be maculinized in female rats with injections of estrogen.   So in fact,  our knowledge of the effects of prenatal manipulation of the brain with hormones remains piecemeal.  The effects probably depend on the brain site,  the developmental timing,  the dose, the molecular variant of the injections,  and of course on specific behaviors investigated.   As I explain elsewhere in this book,  virtually nothing is known about such phenomena in humans,  aside from a few studies on humans exposed prenatally to the synthetic estrogen diethylstilbestrol.

If spatial ability is determined by prenatal hormonal influences on the development of the brain in humans, as it most likely is in rats,  then human females hormonally masculinized before birth (either within the normal range or beyond) ought to show a visuospatial superiority compared to their unaffected sisters.  Conversely,  men with partial prenatal hormonal feminization should be weaker on visuospatial tasks.   This is roughly what has been reported.   Eleanor Maccoby and her colleagues measured androgen levels in the umbilical cords of normal mothers and then tested the cognitive abilities of the progeny 6 years after birth.   The only relation found was for high androgen levels (in the female range) to correlate positively with (i.e., to predict) high visuospatial ability in girls. In a more recent investigation by Gina Grimshaw and her colleagues, relations were examined between prenatal testosterone levels in 2nd trimester amniotic fluid and lateralization of speech, affect, and handedness at age 10.  Girls with higher prenatal testosterone levels were more strongly right-handed and had stronger left-hemisphere speech representation. Boys with higher prenatal testosterone levels had stronger right-hemisphere specialization for the recognition of emotion. The authors claimed that this pattern of results is most consistent with Witelson's (1991) claim that prenatal testosterone leads to greater lateralization of function.  One study has investigated boys with very low androgens at puberty (presumably of prenatal origin).  These boys had significantly weak visuospatial abilities.  Women whose mothers had adrenal hyperplasia,   resulting in excessive secretion of androgens into the blood stream and thus moderately and abnormally masculinizing the fetus,   have been found to manifest superior visuospatial abilities  -characteristic of men.    Boys born to diabetic mothers treated during pregnancy with high levels of estrogen had lower visuospatial ability than controls. Studies of testicular-feminized humans (androgen insensitivity syndrome,  see chapter 7) and of kwashiorkor protein deficiency testicular feminization syndrome have both found that so-affected men have a feminine cognitive profile:  relatively higher verbal than spatial abilities.   Kwashiorkor is due to a certain type of undernourishment (protein deficiency).    The liver of so affected boys cannot break down estrogen as efficiently as normal boys.   Estrogen then accumulates and partly feminizes the body,  including the brain.   

There is another cognitive ability which is superior in men,  namely mathematical ability.   Though there is a relation between spatial ability and mathematical ability,  the link is not fully understood. It is again very relevant here to appeal to data bases collected on gigantic and well stratified (for age, geography, culture) samples of men and women.   The scholastic aptitude tests provide such information.  The huge male superiority has remained unchanged from 1967 to 1990.   There can be no animal model of mathematical ability,  and unfortunately this particular cognitive function has not much been studied from a neurobiological focus in humans.    Two studies, that I am aware of,  have investigated cognitive profiles of DES-fetally masculinized women.  These are women whose mothers received synthetic estrogen to prevent miscarriage.    One study found that these women had higher numerical abilities than their normal siblings,  but the other study’s results fell short of significance.    

Experimental neuropsychology approaches to gender differences in cerebral dominance.   Experimental psychologists have devised two basic techniques for studying hemispheric dominance inexpensively in normal subjects without invasive or painful manipulations.  The first of these techniques is called dichotic listening.  Dichotic listening literally (etymologically) means listening to stimuli presented simultaneously to each ear -through headphones.  The left ear sends 80% of its nerve fibers to the right hemisphere and 20% to the left.  The left ear sends 80% of its fibers to the right hemisphere and 20% to the left.   I reviewed the scientific literature on gender differences in normal people in ear asymmetries in dichotic listening.   I found 33 relevant reports.  Most of the studies used verbal stimuli,  which always produce a slight average right ear advantage,  surely due to the left hemisphere's specialization for processing language.   About a third of the studies were on children.   Twenty of the studies reported that boys or men had a greater right ear advantage, only one study found women to have a greater right ear advantage,  and the rest found no difference.  This very strongly suggests that with respect to this type of brain activity,  there is a sex difference -though it is of a small magnitude.  The male sex seems to be more hemispherically functionally lateralized.   Boys and men use their left hemisphere more exclusively to process verbal stimuli under these (very artificial) experimental conditions.   They also seem to use their right hemisphere more exclusively to process non-verbal stimuli.

Several studies have shown that dichotic listening is very much dependent upon cognitive style.  For example,  the right ear advantage in verbal dichotic listening tasks has been shown to increase significantly as a function of head turning during the task,  field independence (the ability to visually disembed jumbled figures),  self-reported strategy (ex: non-verbal for visual processing of geometrical forms),  and so on.  All of these characteristics or strategies, favoring ear advantages, were found to be more typical of men than women.  At this point,  what is needed is a positron emission tomography study demonstrating that ear advantages really do reflect greater metabolic engagement of the supposedly specialized hemisphere in men. 

The second major technique of experimental neuropsychology is tachistoscopy.  Tachistoscopy literally (etymologically) means viewing of very brief stimuli.  The technique allows researchers to present a stimulus to the right or left of a centrally fixated point for a few milliseconds (thousandths of a second).   The visual pathway of the brain is such that the right visual field projects to the left hemisphere and the left field to the right hemisphere.   I reviewed the scientific literature for reports of gender differences in field asymmetries (or absence of such gender effects).  Most of these experiments consisted of spatial discrimination tasks.  Only a few studies investigated children  -probably because it is difficult to get young children to reliably fixate a central point during such a task.  I found 25 such reports.  Fifteen concluded to more field asymmetry in boys or men, only one report found more field asymmetry in women, and the rest found no gender difference.   It seems that boys and men are more hemispherically functionally lateralized in this type of brain processing as well.   This gender difference seems particularly credible for spatial processing,  but the less numerous studies including verbal discrimination tasks also found that men were more hemispherically functionally lateralized.

The exploitation of the tachistoscopic technique for supporting inferences about sex differences in brain organization is also complicated by matters of cognitive style.  A group of Italian neuropsychologists published a most eloquent demonstration of this several years ago.  They were interested in determining whether there was a sex difference in hemispheric dominance on a task of visual discrimination.  They designed a study requiring subjects to determine whether two stimuli (pictures) in a given visual field were identical or different.   The stimuli resembled  letters.  Women obtained a right field advantage (typically inferred to involve the left hemisphere)  and men obtained a left field advantage  (typically inferred to involve the right hemisphere).   It turns out that the field effects were more due to the way in which men and women carried out the task, probably more than to any inherent differences in brain hemispheres. The researchers observed that the women spontaneously tended to use a “verbal” strategy and the men a “visual” strategy.  In a subsequent experiment, irrespective of gender, subjects who were instructed to use a verbal strategy consisting of viewing the pictures as alphabetical letters got a right field advantage.   Accordingly,  subjects got a left field advantage,  whether they were men or women,  when they  used a non-verbal "perceptual" strategy.    In a task like this one,  a non-verbal perceptual strategy is more efficient,  giving to men not only a field effect but also an overall performance advantage in the first experiment.   But on other tasks,  women's preference (often noted and documented          -including in navigational situations and mazes as we saw in the previous section) for more verbal cognitive problem-solving strategies  give them the advantage.  These matters of cognitive style can give a false impression of superiority of one sex over the other.   They can also lead researchers who are too naïve into believing in the existence of brain differences and even hemispheric asymmetries which don't exist.  In my own extensive research in the domain of tachistoscopic approaches to neuropsychology I have often obtained complex interactions involving gender  -in the absence of main effects,   suggesting to me that cognitive styles are probably at work -in addition to basic intrinsic differences in hemispheric specialization. 

Broverman’s model of cognitive sex differences.    So far,  most of the research on cognitive sex differences has been expressed in terms of a verbal superiority for females and a visuospatial superiority for males.    However,  sex differences in cognitive abilities could be classifiable in a larger scheme.    Broverman has proposed such a scheme (Broverman et al, 1974)   He believes women are superior at what he calls «automatized processing» whereas men excel at what he calls «perceptual restructuring».    This could help explain some of the apparent inconsistencies in current interpretation of cognitive sex differences,  some of which I have alluded to above.    Automatized processing consists of well practiced problem solving requiring little conscious attention.  Examples include speed reading,  color naming,  associative memory,  perceptual speed,  and many verbal functions.  Women seem to excel on these tasks.  Perceptual restructuring requires suppression of immediate automatized responses to the obvious properties of stimuli so as to access and disembed deeper relations.  Examples include disembedding tasks and backward counting.  Men seem to excel on such tasks.  It seems to me that this model helps explain why women perform as well as men on several  highly spatial tasks and why men perform as well as women on several verbal tasks (see the above sections for examples).   

Broverman thought that noradrenalin is a neurotransmitter which has a good chance of being sex-specific in humans.  Consequently,  he explored relations between various indicators of noradrenalin (peripheral and central) and the two cognitive ability types he thought were sexually «segregated».    He claimed that noradrenalin or agonists (ex: amphetamine) favor the automatized task performances and disfavor the perceptual restructuring performances while antagonists (ex: chlorpromazine) do the opposite.   

Broverman and other researchers then investigated the eventuality of a sex steroid modulation of the two cognitive ability types in question.   Males and females with high testosterone «stimulation» (high clearance of testosterone per unit of time) were weaker automatizers,  a finding confirmed by others.   Testosterone-related body traits also suggested the same relation.   However,  blood concentrations of testosterone, per se,  did not correlate with either automatization or perceptual restructuring,  and this negative finding has been replicated.    Finally,  testosterone was administered to normal subjects and the blood levels monitored.   The administration of testosterone per se only marginally influenced the cognitive ability types,  but clearance of the testosterone (pre-post treatment differences) did correlate quite significantly with the cognitive ability types.

The selection of tasks under the automatization rubric and under the perceptual restructuring rubric could be a matter of some discussion.   Optimized tasks for separating in a clear-cut manner the two ability types have not yet been devised.  Much of the pharmacological evidence presented by Broverman is very non specific to brain noradrenalin per se, and the endocrinological evidence is also indirect and controversial, so I think the model should be considered a working hypothesis at the present time.

Metabolic brain imaging studies.  In fact,  experimental neuropsychological investigation of inferred brain organization of cognitive sex differences is an inexpensive prelude to the more expensive and more reliable techniques of metabolic brain imaging.  Positron emission tomography (PET) studies comparing normal men’s and women’s brain activities during sexually “segregated” verbal or visuospatial tasks  have nicely corroborated the general finding of the psychologist precursors.   The men are always more “lateralized” on these tasks.  They use one hemisphere, the right for visuospatial, left for verbal, relatively more than the women who more typically use both hemispheres.    In fact,  metabolic brain imaging studies are revolutionizing our knowledge of sex differences in brain function.    A number of surprising results have recently emerged from this type of research.  First,  it turns out that on most cognitive tasks that have been investigated,  women develop a higher overall brain metabolism,  especially in the anterior part of the brain,  the frontal lobes.  Several studies have even found a higher metabolic base rate of the brain in women,  -even when they are not expending any mental effort at all.   No study, of over a dozen, has ever found higher brain metabolism in men than in women.  Secondly,  when one side of the brain is relatively more activated metabolically during a task,  the effect is more marked in men than women,  especially in the frontal lobe area.   Third,  these differences in brain metabolism during effort-demanding tasks are generally unrelated to actual performance levels on these tasks,   most tasks failing to produce a sex difference in actual behavioral competence.  It is still not clear whether women consent greater effort on these tasks thus explaining their higher metabolic rates.  A recent study used functional magnetic resonance imaging to study 38 right-handed subjects (19 males and 19 females) during orthographic (letter recognition), phonological (rhyme) and semantic (semantic category) tasks. During phonological tasks, brain activation in men was lateralized to the left inferior frontal gyrus regions.   In women the pattern of activation was very different, engaging more diffuse neural systems that involved both the left and right inferior frontal gyrus. 

One well designed studied investigated sex differences in normal men and women on verbal and visuospatial tasks using electroencephalography.   Electroencephalography (EEG) is a technique consisting of recording electrical brain waves from surface electrodes placed on the scalp.   This  particular investigation carried out by the husband and wife team Ruben and Raquel Gur found that women had a higher baseline and task-related brain activation overall,  as in the PET studies.  However,  they found,  using this particular technique,  that it was the women who manifested more asymmetric hemispheric activation as a function of the type of task,   contradicting the PET results described above.  

Lesion studies.   Experimental lesions in normal male and female animals sometimes give sex-specific results.    For example, it makes a difference whether female mammals are pregnant or not.   Pregnant females seem to manifest better cognitive recovery from brain lesions than do non-pregnant mammals.  In fact,  females seem to frequently recover better from brain lesions in general.   This effect has been observed following prenatal frontal lobe brain lesions in primates (monkeys) and following lesions of a brain nucleus called the globus pallidus in rats lesioned during adulthood.  The human female also has a better neurodevelopmental, cognitive, and school outcome following extreme premature birth  or extremely low birth weight.  A meta-analysis of previously published results has found that women have a better recovery than men on both the Performance IQ (PIQ) and on the Verbal IQ (VIQ) scales following unilateral brain lesions.  The same effect has been observed in children. We have seen that interesting such findings are pointing toward the frontal lobes as a brain volume which is different in function in the two sexes. Patricia Goldman-Rakic found that cognitive impairments due to very precocious frontal lesions emerge earlier (in adolescence) in male than female monkeys.   The same researcher found that performance on one of the frontal lobe tasks was improved by injections of androgens in both male and female monkeys.  The task consisted of a test of the ability to maintain a discrimination and produce a discriminative response after an interval of time.    In another chapter of this book I mention sex differences in the composition of frontal lobe tissue in humans.  Finally,  recall that I found that men were superior on the Porteus Mazes test,  a test reputed to reflect frontal lobe functioning (though it also loads heavily on visuospatial processing).    Some researchers have even reported sex-specific effects of brain lesions on behaviors that are gender-specific in normal animals.    Hippocampal lesions and lesions of the ventromedial nucleus of the hypothalamus as well as of the septum,   all limbic structures,   have produced sex-specific changes in rodents.   Further research is required to determine whether there exist brain nuclei that could be termed «female»  or «male».

There are more mentally deficient men than women.   The distributions of general cognitive abilities,  as indexed, say,  by IQ,  are significantly different in men and women.   Though the average intellectual abilities are expectedly similar (recall that IQ tests are designed to equalize the two sexes),  there are more geniuses and cankers who are male.  In other words,  the male distribution is somewhat more platykurtic (flat),   even though in both sexes, the expected bell-shaped curb is obtained.   Though it is rarely mentioned in the voluminous literature on cognitive sex differences,  there is a very obvious biological explanation for one aspect of this sex difference.  Indeed, a greater incidence of male mental deficiency is wholly to be expected given the way the sex chromosomes interact with each other.   The female of the human species, as of the other mammalian species is blessed by a genetic protective device called "lyonization" after Mary Lyon, a British geneticist who first recognized the phenomenon.   Recall that women are born from the combination of two X chromosomes,  one contributed by the father,  and the other by the mother.   In female mammals,  one of the two X chromosomes is inhibited (inactivated) by the other in anywhere between 15 to 65% of the body’s cells, in a somewhat random manner.  When one of these two X chromosomes contains a disease-determining gene,  enough cells contain an inactivation of the mutant gene to protect the female from the disease.  This inhibition is not complete,  but is nevertheless quite effective. Recall that men  are born from the combination of a paternal Y chromosome and a maternal X chromosome.  The tiny Y chromosome,  being so small,  and also very different from the X chromosome, is unable to protect the male from bad genes located on the large X chromosome.    As a result,  all recessive X-linked genetic disorders affect males more often and more severely than they do females. Most X-linked diseases are recessive.  In the few cases whre the X-linked disease is determined by a dominant gene,  it is females who express the disease more severely.  One example of such a disorder is a special form of rickets,  which affects women twice as often as men.  However, though men are less frequently affected,  those who suffer it have a more severe form of the disease.  Even though some X-linked diseases are manifest only in girls (such as Rett’s syndrome),  they can be of the recessive type. In those cases, the disease is lethal for the male fetus.  Are X-related "bad" genes frequent enough to explain the extent of the known sex difference in prevalence of mental deficiency ?   Easily !   There are dozens of X-linked hereditary diseases leading to mental deficiency in boys and men only.   In fact,  as other authors have pointed out,  female mammals are «genetic mosaics»,  a phenomenon reflected very concretely in the calico fur of female cats.

Table  3.

Mental deficiency syndromes due to genes located on the X chromosome
	Syndrome
	Description 

	Martin-Bell syndrome
	Fragile X syndrome,  may present as autism, macro-orchidy, large ears

	Golabi syndrome
	Microcephaly, excessive growth, eye, heart and gastrointestinal deformities, diaphragmatic hernia, brain tumors

	Menkes syndrome
	Copper deficiency, anemia, kinky hair,  progressive cerebral atrophy, reduced life expectancy

	Juberg syndrome
	Retarded growth, deafness, microgenitalism, ocular deformities, flat nasal bridge 

	Rénier syndrome
	Epilepsy, spasticity et deafness

	Lujan  syndrome
	Marfanoid habitus, psychosis, cardiopathy

	Renpenning syndrome
	Microcéphaly and retarded growth, up-slanting palpebral fissures and  small testes

	Coffin-Lowry syndrome
	Severe psychomotor retardation, facial and digital dysmorphisms, and progressive skeletal deformations

	Lowe’s syndrome
	Major abnormalities of eyes, nervous system, and kidneys. Clinical manifestations include congenital cataract and renal tubular dysfunction

	Schimke syndrome
	Progressive atrophy of the basal ganglia, growth retardation, external ophthalmoplegia, postnatal microcephaly,  deafness, spondyloepiphyseal dysplasia, nephrotic syndrome and defective cellular immunity

	X linked hydrocephalus
	Spastic paraplegia, adducted thumbs, and agenesis of the corpus callosum, hypoplasia of the pyramidal tract and septum pellucidum, and a thin cerebral mantle with hypoplastic white matter

	Norrie disease
	Ocular atrophy,  deafness, dysmorphic features, cataplexy, abnormal REM sleep, absent platelet MAO-B activity, increased serum serotonin 

	Seemanova syndrome
	Microcephaly with epilepsy, spastic tétraplegia, absence of abdominal reflex, lymphoreticular malignancies 

	Lesch-Nyhan syndrome
	Over-production of uric acid, spasticity, choreoathetosis and a compulsive form of self-mutilation

	Opitz FG syndrome
	Macrocephaly, imperforate anus, hypotonia, partial agenesis of the corpus callosum, joint hyperlaxity, subtle facial abnormalities, sagittal craniosynostosis and split hand malformation


Other x-linked mental deficiency syndromes include the Davis, Atkin, Garéis, Vasquez, ATR-X, MASA and SPG1 syndromes.

As we shall see in several of the next chapters however,  there is also a predominance of mental deficiency in the male sex associated with several causes which have nothing to do with X-linked genetic mutations.   

Geniuses are more frequently male.    Because it is an obviously annoying finding for many people, the higher incidence of male genius has had to be studied on a very large scale to achieve any credibility.  Indeed,  it is a rather surprising finding in light of what we saw in the previous section.   Also, a greater incidence of genius in either sex, located only at the top end of the distribution, defies any obvious neurobiological explanation.   Depending on where IQ cut-offs are set (definitions of genius),  the higher prevalence of male genius varies between 2:1 and 12:1.  As the criterion is set higher, male prevalence increases.  This trait seems to be particularly manifest when measured in terms of mathematical reasoning ability.  In other words, ultra-geniuses belong to a select club ... practically males only.  One researcher,  Camilla Benbow,  certainly the one who has carried out the most extensive research on this topic,  believes that biological factors are at play.  She,  and others have found that the incidence of non right handers (left handers and ambidextrals) is much higher among cohorts of geniuses.  In fact,  it is twice as frequent than in the general population.  I explain in the next section why some researchers,  including Benbow,  believe the reason for male prevalence of genius is prenatal modulation by one particular sex steroid,  namely testosterone.

If testosterone is indeed a significant mediator of male genius,  then it would be plausible to expect that outstanding maze-learning ought to show the same steeply increasing male-prevalence gradient in rats and in primates.  Unfortunately,  I was not able to find relevant information to this effect in the scientific literature.   I was only able to verify that the male rat is superior to the female in maze learning whether both sexes are hereditary geniuses or hereditary dunces.   An enterprising analyst could make a significant contribution to science by so re-analyzing the raw data from the large-scale early breeding studies on heritability of intellect in rats.  For example a series of studies known as the Tyron studies has led to strains of rats called Tyron-genius and Tyron-dunce,  which are presently commercially available for ongoing research.

Sex differences having to do with sexual behavior.  One trait which distinguishes the male from the female mammal,  in most species,  is the greater libido  (sex drive) of males.    Some people would, I think,  disagree with that statement.  Some of the reasons why I think men have a greater libido,  at least as far as its biological dimension is concerned, are the following:  1) large scale inventories have shown that desire for more sex on the part of the husband from the wife is higher, on the average,  than on the part of the wife from the husband (by about 15%), 2) the same inventories have revealed that boys and men masturbate more than girls and women do, 3) boys (and late treated androgenital girls, i.e., prenatally hormonally masculinized girls,  see the next sections of this chapter for more details) have erotic dreams in adolescence prior to any concrete sexual experience,  whereas this happens to women only in their twenties, and 4) temporal lobe epileptics who report epileptogenic erotic or orgastic «hallucinations» are far more frequently, and disproportionately, of the male sex.   One interesting aspect of the libido of men and women is that its life-course trajectory differs slightly.  Of course,  the sex drive declines in both sexes throughout adulthood,  a phenomenon apparently related (among other things) to the general decline in steroid hormone concentrations in both sexes.   However,  it seems that the decline is a bit steeper for men from around age 30 to around age 45.  Then menopause inflects the female trajectory toward lower libido.  Even the erotic content of dreams in women could be modulated by hormones:   women have been found to have more erotic dreams during pregnancy,  a time when their estrogen level is climbing up.   Of course,  the duration of a sexual relationship ends up being a sexual inhibitor, in most polygamous species,  for both sexes. 

By the way,  it is an undeniable fact that the human species, like most primates,  is polygamous -with a strong tendency for pair bonding  -and I simply state this as a matter of fact,  not as a matter of morals.  Most of humanity’s cultures, I think, have been formally polygamous (for men).  Otherwise,  the occurrence of multiple partners in contemporary western society, as estimated from survey research, is very high. The divorce and re-marriage rate is also very high,  and this particular statistic only scratches the surface of de facto  polygamy in western culture.   I suspect that a higher proportion of this polygamous behavior is driven by male drives and behavior than by female drives and behavior.    Men fantasize more about new sexual partners than women do (by about 18%, according to one large scale survey).  

Another basically biological difference in male and female mammals is the approach to sex.  Of course, those equipped with a penis are more likely to be thrusting during copulation,  especially in species which copulate "doggy style".    To me,  it just seems technically easier for most mammals,  though not at all necessary in humans of course.  And humans like to have a more imaginative and varied sex life than animals do.  Anyway,  all mammals (except humans some of the time) behave in a sex-dimorphic manner.   Females are more passive during copulation. For example, female rats adopt a species-specific position when they are ready for copulation:  they rest chest to the ground, raise their rump, and lift their tail to the side.  This is called lordosis.  So it seems to me that there is something biological about this trait,  and I do assume that this sex difference does indeed loosely characterize most human copulation.  I vaguely recall that the Hite report corroborates this in the sense that women are slightly more passive during copulation  -not in the sense that they adopt lordosis!  Indeed, humans seem to prefer the so-called “missionary” or ventro-ventral position.   It has been argued that the missionary position is sought for some degree of eye contact,  a trait we humans are said to share with dwarf chimpanzees (bonobos) who also copulate in the missionary position (more so though when they are young,  the more experienced ones preferring the “doggy” style or ventro-dorsal position).  
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Figure 4.   Bonobos chimpanzees are, genetically,  the closest living being to present day humans.  However,  it could be debated whether their lifestyle is closer to the human’s,  than is the case for,  say,  the ordinary better known chimpanzee.    

Finally,  men and women have a different approach to the preliminaries of sex.   Men are excited more easily by visual erotica and women seem to prefer petting for a longer period of time prior to copulation.   Is the determination of these two sex differences biological ?   Though there must surely be some cultural factors involved,  I suspect that a biological sex difference must be at play here as well.   Some ethologists (specialists of animal behavior in natural settings) have proposed that the ecology of the sex drive is sex-specific:  it is in the biological interest of female mammals to be more selective of mates  because they get limited opportunities to reproduce (gestation takes time).   However,  it is in the biological interest of male mammals to inseminate as many females as possible because the male genes thus have more chances of passing on to posterity.  Of course,  this general account does not apply to all animal species because ecological pressures are multidetermined and heterogeneous:  some species, even among primates (e.g., gorillas), form a strong pair bond for life.

A vignette on the dwarf chimpanzee  (bonobos)
The chimpanzee’s smaller cousin, bonobos, was discovered in 1929 in the Congolan forest.   It has recently been realized that this interesting monkey differs from the better known chimpanzee in several respects.   Not only do bonobos copulate face to face,  but they have a far less hierarchical social structure than do the chimps.   Chimps are loosely polygamous:   higher ranking females tend to copulate with higher ranking males,   and higher ranking chimps copulate more, in general,  than do the lower ranking animals.   In the case of bonobos, all the members of the group are close to equal, and all members copulate very frequently,  several times a day in a completely polygamous manner. The average copulation lasts 13 seconds.   The females are far more dominant than is the case in chimps.   Interestingly,  bonobos has been found to be genetically closer to modern man than chimps,  and for that matter,  than any other living being.    It is now believed that bonobos is part of the evolutionary branch which led to modern man,  whereas the chimpanzee belongs to a branch which did not evolve toward the human species.   

Men and women have sexual relations mostly with the opposite sex.  So you would think that nature could have fine-tuned their sexualities for maximum compatibility.  But things are not so simple.  Men and women are different sexual animals.  Women have a lower sex drive,  a more passive approach to copulation, a more stable sexual orientation and sexual identity,  many fewer paraphylias (sexual perversions) and they manifest subtle cycling of sexual desire as a function of the menstrual cycle (apparently mostly linked primarily to their testosterone level),  and a not so subtle drop in sexual desire at menopause (see chapter 10).  All of these sex differences could be construed (only by a warped mind, I think) to be exclusively culturally determined.   However, here is an example of a gender difference in sexual behavior that cannot remotely be construed as cultural:    in 1994 a team of American researchers sprayed exaltolide (an industrial version of androstenol, a human male steroid hormone)  on a chair in a waiting room.   The women nearly all chose to sit on that chair and the men nearly all avoided sitting on that chair !  None were aware of the odor.   The physiology of this mechanism,  and its sexual potency, are well known in the hamster and they are just starting to be investigated in the human.   I suspect that we will be hearing a lot more about this phenomenon as the molecules in question approach commercialization.  Let me dwell a little on the subject of one particular male-prevalent sexual deviation,  namely rape.    Recidivist rapists are sometimes offered a hormonal “solution” to their “problem”,  namely antiandrogen treatment or castration.  One study reviewed and followed up a large set of such cases. Castration causes androgen deficiency and a decline in sexual behavior. Results showed greatly reduced recidivism rates for sex offenders who have been castrated. Antiandrogen and hormonal treatments are pharmacological methods of reducing the sex drive in sexual offenders. Cyproterone acetate (CPA) is a commercially available antiandrogen that has been used in the treatment of paraphilias. Many patients have reported a feeling of calm as a result of CPA treatment as well as reduced sex drive and reduced deviant fantasies and behaviors.   Human males castrated before puberty fail to develop sexual desire entirely.   Women do not lose their libido much after ovariectomy, they lose it more after adrenalectomy.  This is because the more critical androgens for female libido are secreted by her adrenal gland.  It is still not clear whether estrogen contributes anything at all to female libido.   

The most spectacular effects of hormones on sexual behavior have frequently been observed in rats.   Prenatal or perinatal or even postnatal injections of sex hormones can produce gender reversal in sexual behavior of rats.     This is not observed nearly as much in primates such as monkeys and humans.    Rats seem to have a special brain circuitry for sex.   Male  and female rats naturally manifest both the male-specific (mounting) and female-specific (lordosis) sexual behaviors,  in different proportions.   It is as if they have more androgynous sexual brains.   These circuits can be easily masculinized or feminized with sex hormone injections,  and other manipulations such as castration,  pharmacological neurotransmitter manipulation,  etc.    I wish to caution the reader in overextending inferences about the biology of sexual behavior from rat research.   Monkey research can generally be considered more trustworthy for extrapolation (which must nevertheless remain very reserved) to humans.   That is why it is important to note that prenatal androgenization of female macaques does indeed result in more mounting and leg clasping behavior in young adulthood,  but it is only the proportion of male-typical and female-typical behaviors which changes.

Sex differences in parental nurturance.    There have been few studies, unfortunately,  of hormonal determination of parental behavior of the nurturant type (grooming,  licking,  carrying,  and the other forms of caring).    Injections of androgens reduce such behaviors in both males and females in those few species which have been studied to date,  namely mice, rats and rabbits.    More research on this theme, in primates,  is needed.   In humans,   indications are piecemeal,  scattered and seem inconclusive to me.   Women masculinized before birth by synthetic hormones administered to the mother have been investigated for maternal interests.   Maternal interests of these women are lower than those of controls.    Transsexual men changed to women report more maternal interests than normal men.   They even fantasize heavily about getting pregnant.   

Are there gender differences in ability to discriminate or express emotion ?   I believe there are huge differences between men and women in the things that interest them,  the emotional investments they choose to make,  and so forth.  I choose to call this domain,  the domain of “affective styles”.  Whether one sex has more “ affective competence ” than the other is an entirely different matter.  It would be inappropriate, I think,  to cover affective styles in this book because they relate less to underlying brain differences between the sexes and they are more difficult to investigate with strong scientific methodology.  However,  I do find that neuroscience has something important to say about the second domain, affective competence.  First,  we need to clarify what we mean by affect.   I propose that there exist three different tiers of affect,  namely mood, emotion and sentiment.   Mood is the more primitive, hereditary, biologically determined.  Mood is a bidimensional psychobehavioral phenomenon:  one’s mood is, at all times,  situated somewhere between dejection (extremely bad mood) and elation (extremely good mood).  Mood is easily manipulable by psychoactive drugs.  Emotion however is a more rapidly occurring and a more differentiated psychic and behavioral response to a situation.  The main emotions are joy, sadness, fear,  anger, disgust, and surprise.   Finally, sentiment is a higher order affective phenomenon, more culturally determined,  more intellectual.   Religiosity,  solidarity,  righteousness are examples of sentiment. 

I think it is commonly believed (especially by women) that women are more affectively competent and have more intuition than men.   However, the empirical data in support of these contentions is generally based on self reports.   To get a clearer picture of “affective competence”,  rather than of “affective styles”,  it is important to subject people to objective tests of competence...

Mood is obviously the more privileged form of affect for neurobiological research into gender differences.  I will simply summarize the situation here because I mention sex differences in mood on many occasions throughout the upcoming chapters.  Women are more fragile than men with regard to mood.  In particular,  they are more prone to negative excess which expresses itself in the clinical syndrome termed « depression » (see chapter 11).  There are a limited number of research approaches to emotional competence:  can a person distinguish or express emotion in the voice ?...  in the face ?...  in gestures?...  in words, sentences, paragraphs, jokes?...    I believe the vast majority of investigations of emotional competence have found no evidence of a basic sex difference.   However, there have been a few findings which suggest some sex differences.  One research team (Zuckerman and colleagues) found a female superiority.   In my own research projects on discrimination of facial expressions,  I found sex differences that could best be explained by sex-specific biases, females tending to attribute sadness to faces and men anger,  for example.  This interpretation is bolstered by the fact that the brain hemispheres of men and women seem to be mobilized in different manners in the processing of tachistoscopically presented faces.   Similar sex differences have been reported in tasks requiring discrimination of emotional tones.   But these,  I think,  can best be interpreted as differences in style rather than of overall competence.   And in the dichotic listening implementations of tasks of emotional tone discrimination,  the two sexes again seem to mobilize the brain hemispheres in somewhat different manners.  Finally,  sentiment is such a complex value-laden psychobehavioral process that I feel it is nearly futile to search for neurobiologically based sex differences in this domain.  Some phenomena seen in neurological practice give vague indications of brain mechanisms of sentiment,  but these are piecemeal.  For example,  it has been noted that patients with a certain type of epilepsy (called partial complex epilepsy)  involving foci (the starting points in the brain of electrical convulsive activity) in the temporal lobes can be sanctimonious, moralizing and interpersonally sticky.  This epileptic trait has been termed « pseudoreligiosity ».  If any neurobiologically-based sex difference exists with respect to sentiment,  it would consist of a female superiority.  Indeed,  men are more often subject to extreme forms of immorality and lack of sentimental sophistication,  a condition called psychopathy,  which may be adaptative in a wild environment and anachronistic in post-industrial and highly civilized society (see chapter 11).  However,  in the normal range of expression of sentiment,  I don’t see how it could possibly be argued that one sex is superior   to the other, except on the basis of esthetic preference.  The philosopher Nietsche agued that the wild masculine prototype is more beautiful than the domesticated christian law-abiding female prototype.   I think this is a minority opinion.

Like many people,  I believe that sense of humor is an important social and emotional ability.   Psychologists have studied humor extensively.   Men and women articulate and interpret humor in manners which are qualitatively different.   Men are more prone to engage in humor and they usually claim to appreciate humor more than women do.  However,  tests of the ability to understand humor have generally failed to demonstrate superiority of either sex (Shirley & Gruner, 1989).   This came as a surprise to me,  as I expected a slight superiority of men.

Empathy is a trait which many women seem to claim for themselves.   Hoffman reviewed 16 studies of sex differences in empathy (Hoffman, 1977).   This researcher concluded that women show more vicarious empathy (sponataneously express the same emotion), a form of submission according to ethologists.  However Hoffman also concluded that women show no superiority whatsoever in ability to understand other’s emotions, take other’s perspectives, etc.   Curiously,  in her 1980 review of Hoffman’s work,  Anne Peterson concluded that  «females are more empathetic».   

Rather, I claim that it is important to distinguish emotional styles from emotional abilities.    When abilities are well isolated,   few sex differences are ever observed.   There seems to exist, I think,  a truly persistent myth, denigrating men’s emotional ability,  which calls for vigorous rebuttal.

Hormonal determinants of personality.   The brilliant endocrinologist named Helmuth Nyborg has proposed a theory which he calls the covariance-androgen/estrogen (GTC-A/E) model.  This model claims that the balance of androgen and estrogen concentration levels is the critical variable in determining not only “ average ” behavioral sex differences,  but also important individual differences in behavior and even in personality traits in the general population.   So in fact,  it is a biological (hormonal) theory of androgyny,  the relative “maleness” or “femaleness” of a person.   That's why this approach is also known as “hormotyping”.   Everybody knows that there is some overlap in the sexes with regard to sex-typical personality traits:   there are some very aggressive women and there are some very very fearful men.   What many people do not know is that there is also some overlap of sex-specific hormone levels.   Some women have hormone levels that resemble the male profile,  and some men have a female-like hormone profile.  Nyborg’s model predicts that people who have low levels of their own sex hormone and high levels of the opposite sex’s hormones will be psychologically androgynous.   In other words,  these people are predicted to obtain an immediate score on any measure of any behavioral, attitudinal, mental or ability trait that is sex-specific.  The model even makes a fascinating and very risky prediction about distributions of mental abilities as a function of race.  Black males have highest testosterone levels, Caucasians being intermediate and Asians lowest.   This leads Nyborg to predict a fetal testosterone overshoot in blacks  -leading to depressed brain estradiol,  leading to relatively weak visuospatial ability.  Asians are predicted to have the highest relative visuospatial ability level.  The model also predicts greatest physiognomic sexual differentiation in blacks and the least in Asians.  Note that the model is not making a prediction about any race difference in overall mental ability.   Does the model work ?   Because hormone levels are technically so difficult and expensive to measure,  the chickens have not yet come home to roost as far as the GTC-A/E model is concerned.  Most of the scientific work done so far  on the theme of androgyny has eschewed the measurement of sex hormones.  

A researcher named Sandra Bem has developed a well validated psychological test of androgyny (the BEM sex-role inventory) that has been used in many research projects.  Bem has developed a theoretical model of psychological masculinity and femininity which distinguishes itself from Nyborg’s.   She believes that masculine and feminine traits do not necessarily segregate in blocks.  More specifically,  she has found that people are not necessarily more or less feminine or more or less masculine.  They can also be very highly masculine on some traits and very highly feminine on other traits.  They can also be very low on both,  a condition which is termed «undifferentiated».   This model is called the «orthogonal or independent» model.   Reinisch and her colleagues have adopted an intermediate theoretical position termed the «oblique» model.   It postulates that the independence of masculine and feminine traits is a matter of degree.

It is very very difficult to do research on effects of prenatal events on pre or postpubertal activities and behaviors in humans.    It would be extremely convenient if we could find reliable markers of degree of prenatal masculinization or feminization.    The German physician W.S. Schlegel has tried to develop such a marker.   The shape of the hips is a very strongly 
sexually dimorphic trait,  which could tightly depend on prenatal hormonal events.  Nevertheless hip shape varies enough within each sex to allow for estimation of «degree» of prenatal masculinization or feminization.  At any rate,  sex-specific personality traits have repeatedly been found to correlate with hip shape,  suggesting hormonal effects on human psychology that could in fact answer to simpler psychoendocrinological models than those of Nyborg, Bem or Reinish.   

Nevertheless,  there is unquestionably a great deal of wisdom in the idea of «independence» of male and female traits.  Prenatal hormonal manipulation of mammals has resulted in all kinds of realignments of sex-specific traits which can in no way be reduced to simple feminization versus simple masculinization.    Also,  in higher primates,  especially humans,  who rely the most on learning and who’s behavioral repertoires are the most plastic (adaptible),   it seems to me that the best adapted male or female will be the one who can express male-like or female-like behavior according to  the demands of the varying situations he or she finds himself or herself in.   

Chapter 4

Neurological and neuropsychaitric differences between the sexes

Stress on the brain and developmental delay.  Getting born and getting on with early life seems to present more problems for the male sex.  There is evidence that prenatal development of the brain is not as smooth,  that there are more complications,  in the male sex.  Even in the absence of any evidence of an X-linked disorder,  boys tend to have more brain disorders than girls.  For example,  boys suffer from transitory childhood enuresis (bedwetting) more often than girls.  The phenomenon is explained by pediatricians as a minor maturational lag of the brain circuitry controlling micturition (urination).   Boys present soft neurological signs more often than girls.  These tend to disappear spontaneously,  again suggesting a sort of maturational lag of certain brain systems.   Finally,  most developmental delay disorders affect boys more than girls -whether they be emotional,  language-related, or intellectual.  And indeed,  it could be argued that boys' brains behave as though they were subject to a slight generalized developmental lag and fragility,  even though there is no apparent lag in the development of the musculo-skeletal system or viscera.  Normal boys start to talk later than girls,  they have a slight lag in the development of their emotional autonomy,  they develop fine motor coordination a bit more slowly than girls.  One investigation presented data from a 4 year developmental screening program serving 1,735 children (940 male) from birth to age 6 years. The program was designed to identify children with potential disabilities or problems in the areas of physical health, dental health, hearing, vision, speech and overall developmental skills. Screening measures included the Denver Developmental Screening Test, the Goldman-Fristoe Test of Articulation, and clinical assessments. It was found that girls consistently performed at a higher developmental level than boys. Boys recover less well than girls from prematurity or from pathologically low birth weight (taking into account the sex differences in expected birth weight of course).  For example,  these boys present more neurological signs, have lower IQs,  and do worse at school.  Another study investigated 648 children at age five who had been born before thirty two weeks of gestation (severe prematurity).  At age five,  the prevalence of handicaps was 21% in boys versus 7% in girls.   The sex difference remained statistically significant even after correction for gestational age and birth weight.   There have been several other reports of similar findings in humans.   Similar findings have been reported in subhuman species.   Male rodents are more affected by manipulations of the maternal matrix (alcohol,  toxines, malnourishment, etc).  Male juvenile rodents subjected to extreme overcrowding survive less often than females.   Male rodents left in complete isolation in a natural environment also survive less than female rodents.   A number of important longitunal studies have now reported that some of the main long term costs of marked stress during the foetal stage or around birth are 1) hypertension,  hyperactivity, type-2 diabetes,  and alcoholism.    It is surely not a coincidence that all of these conditions of poor psychological or medical health are markedly male-prevalent.  

Brain damage in early development.  It has been documented that there are slightly though significantly more mentally deficient persons of the male sex than of the female sex.  Though it certainly is possible for impoverished socio-cultural conditions to cause mental deficiency in a child,  this is by far the least frequent cause in advanced industrialized countries.  The cause of mental deficiency, in the vast majority of cases, is a hereditary or early-acquired insult to the brain.  Many categories of mental deficiency affecting boys more than girls can  readily be explained by their mode of transmission,  which is X-linked.   But there are also numerous mental deficiency syndromes which are male-preponderant, and yet show family recurrence which is not suggestive at all of an X-linked determination.   There are more epileptics of the male sex than there are of the female sex  (1.5:1),  and most epileptic syndromes of childhood are not believed to be X-linked.       A large-scale epidemiological (survey) study concluded that the male to female prevalence ratio of cerebral palsy is 1.5: 1.   Cerebral palsy is caused by a multitude of prenatal stressors such as anoxia (lack of oxygen),  fetal jaundice,  fetal intoxication, and so on.  It consists of brain damage resulting in a spastic incoordination.   Though there are many causes of deafness,  the disease process is often located in the nervous system.   The male/female ratio of deafness is around 1.17:1.

Aside from the obvious importance of X-linked disorders, several explanations of male preponderance of prenatal neurological disorders have been proposed. One version attributes the greater vulnerability of the male fetus to slower development of the brain. Another version proposes an immune mechanism: mothers produce anti-male antigens.  It is believed that they do so increasingly as a function of the number of male progeny, especially consecutive male conceptions. I present this latter model in some detail in another section of this chapter. Edward Miller views these phenomena as exemplars of greater phenotypic variability of the male sex. Miller posits that male reproductive success is more variable than female reproductive success, because of the large female investment in pregnancy, lactation, and child rearing. In a fluctuating environment, he writes, a genotype that produces various phenotypes can out reproduce a genotype that always produces the same phenotypes (Miller 1997).  In many environments, he reasons,  a human with the best phenotype out reproduces one with a phenotype less well suited to that environment. Frequently the highest ranking male enjoys a disproportionate reproductive success.  Having a phenotype suitable for the environment is a major advantage in obtaining this high rank.  In contrast, because females have a maximum limit (due to limited capacity for childbearing) to how much reproductive benefit they can receive from a good environment, the benefits to males from variability are greater than for females.   This explanation has the interesting advantage of accounting not only for more frequent male deficiency (neurobehavioral syndromes,  mental deficiency,  sexually deviant behavior, etc.) but also for more frequent male genius at the very high end of the human distribution.

 Juvenile dystonia and tardive dyskinesia.   The male sex is more at risk for a central motor disorder called dystonia (abnormal postures due to a brain disorder),  especially the variants with juvenile onset (2.4:1).    Tics are frequently present.  The disorder can be iatrogenic (caused by medication,  usually neuroleptic, i.e., antipsychotic) or can be idiopathic (the cause is biological and seems limited to the individual,  i.e., is not hereditary).   Both forms are male prevalent,  but male prevalence is greater for the juvenile idiopathic form. 

However,  the female sex is more at risk for a central motor disorder called dyskinesia  (abnormal movements such as grimacing, lip smacking),  especially the late onset variants (ex: tardive dyskinesia) (5.2:1).    There is a greater incidence of jerky movements (chorea). The disorder seems to be due to a hypersensitivity of dopamine receptors.   The prevalence of the disorder increases with age,  and the female preponderance also increases with age.  There are also two forms of this disorder,  iatrogenic, usually antipsychotic i.e., neuroleptic medication, or idiopathic.  It is the late-onset iatrogenic form that is the most female-prevalent.     

Cluster versus migraine headache: a gender split.  Cluster headache is massively male preponderant (10:1). It is reputed to be the most painful of all headaches.  The throbbing pain is typically unilateral and is localized behind one of the eyes. As is the case for the vast majority of pathologies,  cluster headache has a hereditary component.  Immediate family members of affected individuals are 14 times more at risk for the condition than relatives of an unaffected person. There seem to be many aggravating factors (alcohol, cigarettes, allergy, orgasm, stress, brain lesions) but the most basic mechanism seems to be neurovascular inflammation of unknown origin. Because of the male preponderance, the effectiveness of cyproterone acetate, a synthetic steroid with antiandrogenic action, has been tested and has been found effective in lithium-resistant cases.  One conventional pharmacotherapy is lithium,  a non-specific serotonin agonist.   Curiously,  most relevant studies have shown that cluster headache male patients have low circulating testosterone, a finding compatible with the increasing incidence of the disease from adulthood to senescence.

Migraine is also a type of vascular headache,  more prevalent in women (4:1).  The throbbing pain is typically felt on one side of the back of the head.  The syndrome is four times more frequent than cluster headache.  There is a strong hereditary component.  The most common treatment seems to be GR43175, a serotonin agonist.  The unabbreviated name of this drug (3-(2-dimethylamino) ethyl-N-methyl-1H-indole-5-methane sulphonamide),  mercifully,  is not commonly used. Ergotamine, another serotonin agonist, is also effective.

There does not seem to be any articulated model apt to explain the sex difference in prevalence of these two pairs of very similar disorders.   Such models should be articulated as a contribution to our global understanding of the neurobiology of sex differences.  They could be of great help particularly in advancing our understanding of neurotransmitter dynamics which are different in men and women.

Another female-prevalent disorder is adductor spastic dysphonia  (ASD: 1.5:1).  These patients often experience a tremulous voice associated with evidence of an essential tremor (tremor related to action) elsewhere, including head, trunk and limbs. The mean age of onset in patients with ASD is around 45 years.  In about half the patients the onset is gradual (suggesting a neurodegenerative process).  However,  the remainder of the patients experience an abrupt onset, related to an upper respiratory tract infection, or, more often, to psychosocial stress. Factors which frequently result in a worsening of speech include stress, public speaking, tiredness, strong emotions, upper respiratory tract infections and prolonged use of the voice.  A few patients with severe symptoms undergo recurrent laryngeal nerve sectioning.  Another treatment for the most severe cases consists of local injections of botulinum toxin (Botox) bilaterally into the vocalis muscles.   My hunch as to why there is a .5% greater incidence of this disorder in women is simply that the precipitating factor of stress affects women more than men.   We will see in upcoming sections that women are more susceptible to developing personality disorders that are stress-related.

A vignette on a case of hysterical aphonia

McCue and McCue reported a case of hysterical aphonia in a 1988 issue of the American Journal of Clinical Hypnosis.   The patient was a 44 year old woman who,  shortly after onset of marital discord (loss of employment, violence, litigation, etc.),  had a panic attack on a bus,  lost consciousness and was hospitalized.   Upon awakening she could not move or speak.  Upon examination,   she was hyperventilating.  She soon recovered all her movements -except speech.    She understood what was said to her.   She expressed herself by writing,  gesticulating and drawing.   She was able to speak under hypnosis only.  As marital reconciliation progressed,  she recovered her speech,  though she occasionally stuttered.  She reported feeling very anxious.   Two and a half years later,  she had separated from her husband and was feeling much better and had no speech problem at all. 

Though each sex is at risk for its own set of neurological problems,  overall,  the human male fetus seems to be at a slight disadvantage in face of any kind of diffuse physiological stressor:  such stressors include prematurity and low birth weight,  and various poisons.  In a study reported by June Reinisch, sex differences were analyzed in children whose mothers had taken barbiturates during pregancy.  Barbiturates reportedly have been prescribed in as many as 25% of pregnancies in the US and Europe over the last 30 years. Nevertheless, there are little if any data on long-term consequences of prenatal exposure to barbiturates in humans. Evidence from laboratory animals indicates that barbiturate exposure during early development results in abnormal neural and biochemical differentiation of the CNS, deficits in learning, retarded attainment of developmental milestones, alteration of behavioral and physiological sex differences, increased activity, and decreased responsiveness to aversive and appetitive stimuli. Barbiturates appear to influence the brain via 2 routes: by direct action on neural tissue and indirectly by altering hepatic metabolism of steroid hormones. In her study Reinisch concluded that prenatal exposure to barbiturates in human subjects may lead to learning disabilities, decreased IQ, performance deficits, increased incidence of psychosocial maladjustment, and demasculinization of gender identity and sex-role behavior in boys.   

Are there sex differences in corpus callosum pathology ?  Neurons are brain cells whose most characteristic property is to rapidly transmit information over certain distances, which in the spinal cord, can reach as far as a meter.  The part of the neuron that carries the information over any distance is called the axon.   The axonal part of the neuron is often called the neuron fiber.   One of the major fiber systems in the human brain is the main commissure connecting the two hemispheres called the corpus callosum.   Estimates of the number of neurons contained in the human corpus callosum range from 200 to 800 million.  A careful electron microscopy study for the purpose of a neuron count in the corpus callosum has yet to be carried out in humans.  The corpus callosum,  like other neuronal systems of the brain,  starts developing late in prenatal development,  during the third trimester of pregnancy,  and undergoes exuberant overdevelopment followed by massive and rapid pruning.   In short,  it contains many more neurons at one (prenatal) stage of its development than at its (post-natal) maturity,   many of its neurons being required to retract and die.  This is a normal process of prenatal development called neuronal mortality.  The corpus callosum is easy to measure macroscopically (with a simple ruler) in a brain sliced down the middle from front to back,  for it measures about six centimeters in length and is about a centimeter large.  Many studies have been carried out to determine whether the corpus callosum of the human is sex-dimorphic,  both using brains of dead people, as well as using radiological images of living patients.   My reading of that extensive literature has led me to conclude that,  in the human adult,  if there exists any macroscopic sex difference in the corpus callosum,  it is only in relation to handedness  -left handed men having the largest callosi and right handed women having the smallest.   So I don't want to make a case for a basic sex difference here.   However, perhaps because its prenatal development is subject to very rapid changes during a brief period,  the corpus callosum is very sensitive to teratogens (substances which cause deformities in fetuses).   For example,  as has been extensively studied in rats (less so in humans) maternal consumption of alcohol during the second or third trimester can cause agenesis (failure to grow) of the corpus callosum,  and this affects male (pups) more than females.  The same effect is observed with prenatal exposure to cocaine.  This sex difference is rather well established in the animal literature, having now been consistently replicated. Furthermore,  in rat fetuses,  contrarily to humans,  there is a basic sex difference in callosal dimension.  Males have larger callosi. Electron microscopes have now been extensively used to investigate callosal neurons in rats.  Axon number calculations revealed no sex differences in total axon number. Males, however, have significantly more myelinated axons than females.  Hormonal masculinization of female rat fetuses results in development of a larger corpus callosum.   Even more interestingly,  hormonal feminization of male rat fetuses results in development of a smaller corpus callosum !  

Could it be then,  I wonder,  that steroid hormones influence the development of the microstructure of the human corpus callosum ?   Or is there anything special about the human corpus callosum as a function of sex -in a manner we have not yet detected ?   If the male sex is more subject to teratogenic callosal aberration,  would the effect occur with any brain stressor during the late fetal period ?  Would this be particularly typical of male-prevalent disorders ? Male-prevalent disorders include fetal alcohol syndrome, fetal malnutrition syndrome,  and several hereditary disorders known to affect fetal brain development in a diffusely unfavorable manner such as dyslexia,  hyperactivity,  Tourette's disease,  and schizophrenia.  There is preliminary evidence to the effect that the corpus callosum does not function normally and/or looks abnormal in hyperactivity, dyslexia, schizophrenia, Gilles de la Tourette disease,  human fetal alcohol syndrome,  and developmental delay due to maternal malnutrition.   I do not believe that the callosal abnormalities are the sole cause, or even the most important cause of any of the above mentioned syndromes.    I do believe however that the corpus callosum deserves study in the context of the developmental neuropsychology of sex differences in each of these specific disorders.    

One example which will help highlight this call for research is alexithymia.   Alexithymia,  as its etymology indicates, consists of an inability to "read" one's emotions.  More specifically in fact,  it consists of a relative inability to give a verbal account of the emotions one is going through at a given time.    If neuropsychology is anything at all, it is the study of hemispheric specialization.  The main specializations of the human hemispheres are verbal specialization of the left hemisphere and emotional and visuospatial specialization of the right hemisphere.   Alexithymia is therefore an extremely interesting condition for neuropsychologists to investigate because while leaving intact one important specialization of each hemisphere (verbalization for the left,  and emotion for the right),  it represents a failure of integration of the two.   This directly leads to the hypothesis that the corpus callosum could,  and perhaps should, be the site of dysfunction in alexithymia.   Indeed,  several investigations have recently shown that this is the case.   When a patient has an epileptic focus in one hemisphere,  an electrical barrage occasionally is triggered from that focus,  jumping across the hemispheres in a cascade leading to a grand mal   attack (generalized convulsions).  When the epilepsy resists most anticonvulsant drugs,  neurosurgeons sometimes cut the corpus callosum (the operation is called a callosotomy) in the hope of constraining the electrical disturbance to the one hemisphere -containing the epileptic focus.   This approach has often been successful in completely preventing grand mal  attacks.    Several investigations have now shown that such patients,  though capable of normal (or very close to normal) emotion and verbal abilities,  have a disproportionate difficulty in expressing,  verbally,  the emotions they are undergoing in emotiogenic (emotionally upheaving) situations.   What does all of this have to do with sex differences, you may ask ?   You already know the answer of course.   Normal boys and men score higher (i.e., are worse) on tests of alexithymia than do normal girls and women.  This finding has been replicated by separate research teams using several different tests of alexithymia,  in different cohorts of normal people.   

A vignette on a case of alexithymia and callosal agenesis

In 1980, Buchanan, Waterhouse and West published a report of Mr H,  an alexithymic with callosal agenesis (absence of development of the corpus callosum before birth).    This case is particularly revealing because he had no brain abnormalities which are commonly associated with callosal agenesis and he was quite healthy and had a normal IQ.   He was seen at age 37.  He was slightly uncoordinated,    had a reading disability,    and complained of emotional distress and inadequacy.   During one meeting with the authors of the report,  he described the funeral of his only sister in great detail.   During this account,  he wept copiously.  Upon being asked whether remembering the incident was still painful for him he “ looked up quizzically, smiled and then laughingly responded:  I don’t know,  I just can’t explain what I feel. ”   Insistent probing was ineffective in obtaining any emotional label for what he had felt during the account.     As the authors of the report explain,  this condition,  alexithymia,  gives an impression of emotional immaturity and lack of introspection.    Mr  H has little explicit emotionally-laden inner life, is drab,  and even bores himself.   He has always been very dependent on the significant women in his life (mother,  wife). 

What little relevant information we have from research on hyperactivity, dyslexia, schizophrenia, Gilles de la Tourette disease,  human fetal alcohol syndrome,  and developmental delay due to maternal malnutrition,  points in the same direction.  These predominantly male disorders seem to be associated with callosal dysfunction and/or abnormality.    Dyslexia is a particularly interesting case in point:   interhemispheric relay and the corpus callosum have been studied in more detail in this disorder.  It makes sense to think of an interhemispheric relay problem in this disorder.  First,  several investigations have found that the corpus callosum is larger in dyslexics than in normals.   Second,  physiological and behavioral investigations have found that interhemispheric relay is faster in dyslexics than normals.  Although I don't wish to get into the technical details of how this is achieved,  I do wish to provide an interpretation of how the callosal dysfunction could contribute to the reading problem of dyslexics.  It seems plausible, though not yet fully proven,  that one of the problems of dyslexics could be that the processing of the written word,  which in normal children is accomplished to a very large extent by the left hemisphere,   is disrupted in dyslexics by concomitant processing occurring in the right hemisphere.  Since post-mortem histology has shown that most developmental dyslexics have cortical ectopias (local abnormalities in tissue composition) in the posterior temporal lobe, more than elsewhere, it would be reasonable to suspect that it is the mid posterior part of the corpus callosum that is the most disturbed in its function.       

Tourette's disease is another very interesting case supporting speculation about a callosal disturbance which could relate to some of the behavioral abnormalities afflicting these patients.   One of the most extraordinary symptoms in psychiatry has got to be the Tourettian coprolalia (filthy language).   Gilles de la Tourette,  a French physician,  was the first to note that there is a recurrence of cases in families,  with multiple changing complex tics, including gestures and vocalizations.  What is extraordinary about this neurological hereditary disorder is that the gestures and vocalizations of the affected children,  as young as eight or nine, may be antisocial or obscene (though most are not).  They are compulsive,  occurring despite the patients' wish to withhold them.    There is much evidence that emotional tone, in particular,  is generated more in the right hemisphere than in the left.  For example,  aprosodia (loss of emotional tone of speech) occurs after right hemisphere lesions,  not left.   However,  speech itself,  except for singing overlearned songs and swearing,  is generated by the left hemisphere.  For example,  a callosotomized patient (a patient who has had his or her corpus callosum surgically severed) is totally unable to name things out loud if they have been seen only in the part of the visual field that feeds the right hemisphere.     Could it be then,  that patients with Gilles de la Tourette's disease are subject to incoercible abnormal activation of the hemispheric centers of spoken language in the left hemisphere (such as Broca's area of the posterior dorsolateral frontal lobe),  themselves throttled by inordinate activation of right hemisphere-generated emotion,  through a defective and unbridled anterior corpus callosum ?   There is not much evidence apt to determine the fate of this idea.   A recent study was the first to investigate gross size of the corpus callosum in Gilles de la Tourette's disease,  using radiological brain imaging.   The corpus callosum had a significantly abnormal morphology.   Unfortunately,  nothing is known at all about interhemispheric relay in this disorder.

Finally,  the most interesting and potentially important example of a disorder suggestive of callosal dysfunction,  is stuttering.   There are two to three times more boy than girl stutterers.   It is well accepted that only the left hemisphere can produce deliberate spontaneous speech (we exclude from this singing, swearing or the like).  Suppose though,  that during speech,  an abnormal influence would come from the motor areas (especially, I think,  an area called the supplementary motor cortex of the frontal lobe) of the other hemisphere,  unbridled ?   This would easily explain why  dysrythmia  of speech (stammering, stuttering, hesitations, etc.) would occur.  A disruptive neural activation from the right hemisphere would interfere with the activities of the left hemisphere during speech.  There is only indirect evidence that this could be the case.   When stutterers are asked to do a different task with each hand,  simultaneously,  it has been repeatedly found that the part of the brain controlling the left hand (the right hemisphere,  probably specifically the supplementary motor cortex) interferes with the part of the brain controlling the right hand (the same area of the left hemisphere).    This is deduced from effects observed in right and left hand performance,  not from observations of the brain itself.   What remains to be done at this point is a magnetic resonance imaging study of the corpus callosum of stutterers and a control group,   and physiological studies of interhemispheric relay.   Interestingly,  some enterprising neurosurgeons have not waited for these studies to start relieving their heavily affected patients by means of callosotomy.   The procedure consists of beaming a high intensity focused magnetic energy force at the corpus callosum. This beam is known to harmlessly inactivate the targeted neurons.  If the patient stops stuttering,  he becomes a reasonable candidate for the surgery.   Table 3 presents details of sex differences in callosal dysfunction.

Table 3

Pediatric neuropsychological syndromes believed to comprise callosal dysfunction and for which the male child is at greater risk and/or is more severely affected
	Syndrome
	Reference

	Head trauma***
	Brooks, 1985

	Schizophrenia*  **
	Szymanski et al, 1995

	Dyslexia* **
	Geschwind et al, 1985

	Tourette’s disease*  **
	Hyde et al, 1993

	Fetal alcohol syndrome**
	Zimmerberg, 1991

	Stuttering* **
	Andrews et al, 1964

	Attention-deficit hyperactivity disorder* **
	Szatmari et al, 1989

	Alexithymia* **
	Saarijarvi, 1993

	Prenatal malnutrition**
	Galler, 1981

	Learning disabilities *  **
	Schacter et al, 1987


Note.  A single asterisk indicates a congenital male-prevalent disorder,  a double asterisk indicates a more severe expression of the behavioral disorder,  and a triple asterisk indicates a non congenital disorder involving callosal dysfunction for which the boy is more at risk than the girl.
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Figure 5.  After one has sliced the brain in the middle from front to back,  one obtains the two hemispheres separated from each other.     Once this has been done,  it becomes possible to view the brain from the inside, as in this schematic illustration.    This presentation allows us to discern deep non-cortical structures embedded within the hemisphere,  as well as a ring of cortex surrounding them.    In this figure,  several of the sexually dimorphic deep structures of the brain are identified by name.  In addition,  though it may not be sexually dimorphic macroscopically,  the corpus callosum is also identified.   

The immunoreactive theory of selective male affliction.     The idea the general male preponderance of affliction could be caused by maternal antibodies to male fetuses was first fully articulated by Thomas Gualtieri and Robert Hicks in 1985.   Stated in simpler language,  the immunoreactive model proposes that some male fetuses come to be considered by the mother’s body to be undesireable parasites and get attacked and damaged by the mother’s immune system.  There are three major empirical arguments (sets of facts) in support of this general model.   1) X-linked disorders are insufficiently frequent to fully explain the greater male risk for developmental disorders:  many male-prevalent disorders are known not to be X-linked.  2) Whereas developmental disorders seem to be more often purely genetic in females,  they seem to depend more on gene-environment interactions in males:  complications of pregnancy affect males more than they do females and expression of the various disorders is more heterogenous (variable) in males.   3)  Disorders which affect males more frequently clearly tend to be congenital,  their onset is earlier:  a uterine influence can justifiably be suspected.    

The immunoreactive model proposes that maleness is a complication of the basic (female) prototype,   making maleness a riskier trajectory:  more things can go wrong.   And as I articulate in chapter 6,   this is clearly reflected even in mortality rates.   What then is the main immunological argument in support of the model ?   Gualtieri and Hicks proposed that because maternal parity (number of previous offspring) increases risk for congenital disorders,  this suggests a sort of «memory»,  or sensitization, which the immune system is known to be capable of.  In other words,  the mother could develop a sort of «allergy» to her own male fetuses.  This is a nearly gratuitous argument.  After all,  parity, correlated with aging,  are each known to cause a reduction of endocrinological « competence » of the mother,   and both could affect her reproductive competence in many other non-immunological ways as well.   But there are other indirect arguments in favor of immune mother-son toxicity:   1) male-to-male and female-to-female tissue grafts are less rejected than male-to-female or female-to-male; 2) the mother seems to develop an auto immune disorder (toxemia) more often when the fetus is male;  3) women with repeated miscarriages reject tissue grafts from their husbands more than from third parties.      Maternal immune rejection of the male fetus should probably not be evoked as a major source of sex segregation of pathology,  and probably has nothing to do with most pathologies.   However,  it may well have something to do with a few specific pathologies.   The likeliest candidate,  as far as I can tell, would be autism.    Indeed,  the risk for autism seems seems to depend,  more than the other sex-segregated disorders,  upon sex ratios of the mothers previous offspring.

Why gender differences in neuropsychiatry are theoretically important.   Neuropsychiatry is the study of mind-warping disturbances of the brain.  As is the case for several sectors of medicine such as endocrinology and immunology,  neuropsychiatry offers several opportunities for observing spectacular sex differences.   To the extent that neural causes (etiologies) of psychic disturbances are detected, accepted and understood,   neuropsychiatry can serve as a magnifying glass for interpreting sex differences in normal brain function.   Indeed,  disturbances of the brain which are relatively sex-specific often exaggerate underlying sex differences which occur as a "silent" baseline in normals.  Most men are more frequently angry than women and most women cry more frequently than men do.    Now imagine those traits exaggerated by a factor of ten:   there is a psychopath lurking inside nearly every man and a phobic depressive in nearly every woman.  Even more subtle personality differences between men and women get exaggerated in gender-typical psychiatric disorders.  For example,  one study found that  pathologically anxious patients had a high level of "external locus control" compared to normal control subjects.   External locus of control is a cognitive-moral-personality trait typical of women.  It consists of a sort of attitude of helplessness,  a sense of non-empowerment,  a feeling that others control one's destiny.  And of course,  the whole spectrum of anxiety disorders is more prevalent in the female sex.

There is no direct chromosomal explanation of sex differences in neuropsychiatry.  Of the neuropsychiatric disorders which we shall insist upon in this chapter,  all are clearly more prevalent in one sex than in the other.  All of them are mildly to heavily genetically determined.   However,  none of these is seriously believed to be X chromosome-related,  and the Y chromosome is thought to contribute even less.  On the contrary,  the evidence accumulated so far regarding genetic modes of transmission are always suggestive of autosomal mechanisms,  even in those disorders which are male predominant.  Most of the neuropsychiatric disorders to which we shall attend in this chapter have been related,  not very significantly however,  to poor maternal health during pregnancy and/or to unfavorable obstetric events.  This clearly means that we will have to search for underlying biological mechanisms in steroid hormones and the developmental cascades which they engender (neurotransmitter differences, etc.).   To me, it is obvious that we are facing complex interactions involving obscure hereditary and environmental factors.

The earlier the onset,  the more boys are at risk.  One outstanding sex difference in neuropsychiatry is that diseases with early onset are more prevalent in the male child.   Some of these diseases or disorders are more prevalent in males no matter whether their onset is relatively early or relatively late in childhood:  autism (consisting essentially of emotional and verbal shutdown), hyperactivity (extreme agitation without psychosis), Tourette's disease (bizarre tics including obscene utterances),   character disorder (immorality and destructiveness).   Likewise,  nearly all developmental language disorders affect boys more than girls, and do so earlier in boys.   These include  language delay,  developmental aphasia (severe and relatively permanent failure to acquire language functions), stuttering, dyslexia (reading impairment), and hyperlexia (excellent recital or reading out loud,  but without understanding of what is being read).  There is one interesting exception to this rule in the domain of language disorders, namely elective mutism.  For reasons which I shall explain later,  girls are more at risk for this disorder.      In a more subtle vein,  those neuropsychiatric disorders which affect either sex approximately equally over the entire life span,  are more prevalent in male children in their early onset forms:  obsessive-compulsive disorder (uncontrollable thoughts or acts), schizophrenia (delusions and hallucinations), mania (agitation, euphoria or extreme happiness, grandiosity).  Several psychiatric disorders which afflict the female sex more prevalently tend to become manifest at puberty or adolescence.  These include depression (extreme sadness with insomnia, loss of appetite, constipation), anorexia nervosa (extreme repulsion for personal fatness with resultant self-starving), phobia (unreasonable fear of specific objects), anxiety (fear without an identifiable object).  Elective mutism, a female-preponderant disorder,  can also be considered a form of internalizing disorder:  it is essentially a social phobia,  or anxiousness expressing itself as a partial shutdown of social interaction limited to language.  The elective mutist typically refuses to speak to anybody with the occasional exception of a sister or one or both parents.  Jane Campion, the director of the film “The Piano” presents a wonderfully effective portrait of an elective mutist woman.  Finally,  some diseases such as schizophrenia or tardive dyskinesia (abnormal movements) tend to occur around menopause in women,  whereas their onset is more often in childhood in males. 

There is an additional twist to this story:   early onset variants of behavioral disorders usually express themselves more severely than do the late (adult) onset variants.  Consequently,  the male sex is not only more at risk for a longer pathological trajectory,  but also for a more debilitating condition.   Details of these phenomena are presented in table 4.

Table 4

Examples of neuropsychiatric disorders whose early onset forms are more severe than the adult onset forms
	Disorder
	Reference

	Female prevalent disorders regardless of onset

	Anorexia nervosa
	Walford et al, 1991

	Panic disorder
	Maier et al, 1989 

	Generalized anxiety disorder
	Scheibe et al, 1992

	Bulimia
	Witcher et al, 1992

	Phobia
	Holt et al, 1992

	Male prevalent disorders regardless of onset

	Tourette’s disease
	Hyde et al, 1993*

	Autism
	Garreau et al, 1984*   Short et al, 1988*

	Psychopathy
	Offord et al, 1983* 

	Alcoholism
	Lee et al, 1985*

	Disorders which are male-prevalent only in the early onset forms

	Manic-depressive disease
	Dwyer et al, 1987 Thompson et al, 1992*

	Obssessive-compulsive disorder
	Flor-Henry, 1990*   Hanna, 1995*

	Schizophrenia
	Szymanski et al, 1995*  Seeman, 1982*

	Depression
	Golden et al, 1985;  Gasquet,  1994*


* These authors demonstrate that the early onset  and more severe forms are more prevalent in the male sex.

There are several lines of explanation of this wide-reaching pattern of sex differences:  the human male could manifest early-onset forms of neuropsychiatric disease because 1) he is more susceptible to brain damage related to difficult prenatal or obstetric events relating to maternal health during pregnancy and complications during childbirth; 2) there could be an adverse influence of maternal immunity on the male fetus;  3) the balance of his steroid hormones could affect his early brain development in an unfavorable direction. 

The early onset forms of schizophrenia (hebephrenia, catatonia, etc.) are more chronic (long lasting bouts of incapacitation) and are more devastating (requiring institutionalization) than the late onset forms.   The latter (often the paranoid form) are typically less chronic (intermittent,  recurrent) and are less devastating (less frequently requiring prolonged institutionalization).  The childhood-onset forms of schizophrenia are twice more frequent in the male sex.  On the other hand, schizophrenia occurring at or just after the age of menopause is twice as frequent in women.  There is only one type of drug class which has unequivocally been proven to alleviate the problems of schizophrenics (delusions, hallucinations, agitation).  These are neuroleptics (also known as major tranquilizers).    All neuroleptics are effective against these specific symptoms exactly in proportion to their ability to reduce the brain activity of one neurotransmitter,  dopamine.    Estrogen has an antidopaminergic brain effect.  It is an indirect dopamine antagonist.   Testosterone, on the other hand,  is an indirect dopamine agonist.  It favors the synthesis of dopamine.  Menopause comprises a gigantic drop in estrogen,  many times more significant than the low point in the fertile woman's menstrual cycle.  In men, the blood concentration of testosterone undergoes a constant decline in adulthood through to senescence. The girl is protected against schizophrenia by her estrogen until menopause at which time she becomes more susceptible than the age-equivalent man,   whose testosterone has descended low enough to remove the risk factor which threatened him as a child.   

This reasoning could apply to another  male preponderant psychiatric disorder,  though perhaps less clearly.  Indeed,  the most effective medication for the specific symptoms of Tourette's disease, a male prevalent disorder, is neuroleptic medication.   As for hyperactivity and character disorder,  another neurotransmitter of the brain could be involved,  noradrenalin.   Noradrenalin has a molecular structure identical to the hormone secreted by the adrenal gland called adrenaline.  It is commonly known that adrenaline excites people when it is secreted in large doses into the blood stream.   The effects of noradrenalin in the brain are more complex,  more subtle,  and less understood.   The drugs most effective against the specific symptoms of hyperactivity and turbulent forms of character disorder are composites molecularly close to amphetamine (a central nervous system stimulant) as well as to noradrenalin,    such as methylphenidate (Ritalin).   Logically, in light of the effectiveness of methylphenidate, one ought not be surprised to find some sort of insufficiency of brain noradrenalin in hyperactive or conduct-disordered boys,   and this has indeed been observed in several investigations.   In accordance with this,   one experimentally induced brain lesion which produces hyperactivity in rats happens to be situated in a posterior part of the brain surface (cortex) called the parietal lobe,  but only when it is the right side of the brain which is lesioned,  not the left.  And it is the right sided lesion of this brain area which produces a huge drop in brain noradrenalin, not the left.  One ought perhaps not be surprised then that right sided cortical lesions result much more frequently in psychomotor agitation or mania (psychomotor agitation with delusions of grandeur or persecution and elated mood) in humans,  than do left sided lesions.

A vignette on a case with Tourette’s disease

S1 is a case seen in a hospital neuropsychology service which came to my attention recently.  This 11 year old boy of Haitian extraction was first seen because of learning disability in a Quebec school.   He had been to five schools previously and was already in a special education class in a public school.   In school and at home he was disobedient,  disruptive, pig headed,  socially inept and isolated,  suspicious, anxious and very nervous but not depressed.   He was believed to have an attention deficit by his teachers.   He reached the clinical criteria for hyperactivity and conduct disorder,  but his essential problem was immediately identified by the neuropsychologist:  he manifested multiple changing tics,  eye blinking,  shoulder shrugs,  sniffing, barking, swearing,  trichotillomania (hair twirling),  and he would slap his own head persistently when frustrated.  These are typical manifestations of Tourette’s disease,  and the other behavioral disturbances noted above are common co-morbidities.   Cognitive evaluation revealed preserved attention,  borderline IQ and memory,  normal visuospatial ability,  but very poor executive abilities.  Executive abilities are a constellation of abilities associated with frontal lobe function which include planning,  judgment,  mental flexibility,  and the like.   Recommendations were made to transfer him to a school specialized in behavior disorders,  and to provide him with ongoing neurological care and a very structured environment with regard to surveillance,  rules,  emotional security,  leisure activities,  and so on. 

Why would many female-preponderant psychiatric disorders often have an onset at puberty or adolescence ?   One idea has been that the onset of these disorders, though determined primarily by hereditary factors and by environmental stress (family conflict or emotional disturbance due to life events),  is helped along by high levels of estrogen,  which in turn favor the build-up and metabolism of the neurotransmitter serotonin in the brain.   Studies of animals and humans have shown that serotonin influences appetite and sleep more than most other neurotransmitters.  Drugs effective against depression, such as Prozac, influence the metabolism of serotonin more than of any other known neurotransmitter.   Estrogen is an indirect serotonin agonist.   The problem with this model is that it predicts that depression ought to be caused by excess serotonin,  and should be treatable with serotonin antagonists.  Well,  it just so happens that things are the other way around!  Antidepressant medication increases serotonin concentrations and activity in the brain.   What seems more likely to me is that estrogen puts serotonin neuron networks into high gear and at the same time destabilizes and disturbs them,  and antidepressant medication such as Prozac somehow stabilizes serotonin metabolism.  I review this notion three sections down.

Externalizing disorders affect boys.  The second outstanding sex difference in neuropsychiatry is that male-predominant disorders and female-preponderant diseases belong to distinct behavioral classes.  Most male-preponderant syndromes can be classified as belonging to the axis of  disorders of excessive turbulence (externalizing disorders) and/or of deficient language.  However,  most people consider that language handicaps are not psychiatric disorders,  and that is why we covered them in the section on neurological sex differences.  Most female preponderant disorders can be considered internalizing disorders. 

The externalizing disorders which occur more frequently in boys and men are Tourette's disease, hyperactivity, conduct disorder, and the various dependencies such as substance abuse, gambling and sex addiction -which affect men many times more frequently than women. Details about male risk for externalizing disorders are provide in table 5.

Table 5

Externalizing disorders 

	Disorder
	Male to female prevalence
	References

	Alcoholism
	(14.1:1)
	Yamamoto, 1993

	Antisocial personality
	(3.4:1)
	Barry et al, 1997

	Hyperactivity
	(6.7:1)
	O’Leary et al, 1985

	Tourette’s disease
	(9.3:1)
	Burd et al, 1986

	Compulsive gambling
	(1.4:1)
	Buchta, 1995

	Paraphylia
	(50:1)
	Zaviacic, 1993

	Drug abuse
	(2.2:1)
	Brown, 1988


One of the important reasons women are catching up to men in cigarette addiction,  or so they say when questioned,  is that cigarette smoking keeps weight down, an aspect which women claim to fancy more than men.

A vignette on a case with attention deficit disorder  and hyperactivity (ADHD)
S7 is a 9 year old boy, who, like S1, was recently seen in a local hospital neuropsychology service thus coming to my attention recently.   His father is a “compensated” hyperactive himself:  he manages a busy restaurant  -an occupation he enjoys and is good at despite his childhood hyperactivity and learning disabilities.   S7’s teachers knew in his first year that he was a hyperactive child:  he was distractible and agitated.   He is disobedient, impulsive, remorseless,  jealous, argumentative,  and gets along very poorly with other boys.  Cognitive evaluation revealed normal IQ,  but he was often unable to finish a task -revealing a major problem maintaining attentional focus.  His language was normal,  but his memory scores reached only borderline-normal levels.   Visuospatial functions were normal,  but he had a dysexecutive  syndrome (poor planning,  poor judgment, little flexibility).   He has difficulty with several school subjects and receives special education services.  This child’s parents had the good sense to get him involved in intensive sports activities which help him blow off some steam. The neuropsychologist recommended that Ritalin (methylphenidate) be prescribed in this particular case.   

Kleine-Levin syndrome affects nearly exclusively boys,  and is also an externalizing disorder.   It usually appears at adolescence and is transitory.  It comprises hyperphagia (extreme and compulsive over-eating),  aggressiveness or extreme acting out,  and hypersomnia (excessive sleep).  It is believed to follow from hormonal changes in the brain (probably the hypothalamus) occurring at puberty,  but this remains to be proven.  What then is meant by an externalizing disorder ?   Psychiatric disorders are termed externalizing disorders when most of the behavioral problem has to do with such things as acting out,  impulsivity,  destructiveness,  aggressiveness.   

A vignette on a case of Kleine-Levin syndrome

Christopher Gillberg reported case F,  with Kleine-Levin syndrome,  in a 1987 issue of the Journal of the American Academy of Child and Adolescent Psychiatry.      Until age 15, F was a happy, sociable and normal boy.    After a fever,  he became sullen and withdrawn and showed autistic traits.   He had a period of hypersomnolence (slept too much) and hyperphagia (ate too much).   Then he recovered.   However,  he had seven more such spells,  each time of decreasing intensity.  His EEG (electroencephalogram), CT scan (brain imaging) and blood tests were normal.   There was no consumption of drugs.   As often happens in this clinical syndrome,  the boy was misdiagnosed for a very long time.  He was first believed to have an encephalitis (infection of the brain).   It took two years and 25 consultations with pediatricians, child psychiatrists and psychologists before the correct diagnosis was finally made.    Because the prognosis (predicted outcome) for Kleine-Levin syndrome is very good,  early correct diagnosis would have spared the family a tremendous amount of anguish and expenditure.

N.B.   Kleine-Levin syndrome sometimes comprises symptoms of aggressiveness and hypersexuality,  but neither of these occurred in the present case.

One of the most disturbing aspects frequently seen in externalizing disorders is aggressiveness.   Pathological aggressiveness is more often seen in the male sex.   Table 6 provides details of several disorders comprizing high levels of aggressiveness  which are clearly male prevalent.

Table 6

Male prevalent early onset syndromes comprising neurogenic aggressiveness
	Neurogenic syndrome
	Reference

	Neophobic aggressive outbursts

	Psychosis
	Lewis et al, 1985

	Rett syndrome*
	Oliver et al, 1993

	Autism
	Smith, 1985

	Sporadic aggressive explosions due to irritative brain disorders

	Hypothalamic hamartoma
	Berkovic et al, 1988

	Episodic dyscontrol syndrome
	Elliott, 1984

	Epilepsy
	Gillingham, 1988

	Syndromes comprising chronic behavioral turbulence

	Tourette’s disease
	Comings et al, 1985

	Character disorder
	Miller, 1987

	Hyperactivity disorder
	Farrington, 1989


        *Rett’s syndrome is an X-linked condition which is fatal to the male sex prior to birth.

Internalizing disorders affect mostly women.  The internalizing disorders more prevalent in female children and women are depression,  phobia or extreme incapacitating fear of specific things  such as crowds or open spaces (agoraphobia),  spiders (arachnophobia),  enclosed spaces (claustrophobia),   anxiety disorders including panic disorder, hyperventilation syndrome, tension headache, as well as most of the neuroses (conversion disorder, hysteria, dissociative neurosis, etc.) and anorexia nervosa. Details concerning the female risk for internalizing disorders are presented in table 7.
Table 7

Internalizing disorders     

	Disorder
	Female to male prevalence
	References

	Anorexia nervosa
	(10:1)
	Rastam et al, 1989

	Depression
	(1.9:1)
	Kivela et al, 1988

	Phobia
	(1.9:1)
	Dick et al, 1994

	Anxiety disorders
	(2.3:1)
	Angelopoulos, 1994

	Neuroses (conversion, hysteria, dissociation, etc.)
	(5.4:1)
	Peiro et al, 1996

	Elective mutism 
	(1.5:1)
	Domènech, 1996

	Post traumatic stress disorder
	(1.5:1)
	Garrisson et al, 1995


An interesting example of a female-prevalent internalizing disorder is somatization (also known as Briquet’s syndrome).  Somatization is a neurotic disorder consisting of numerous vague complaints of physical discomfort which cannot be medically substantiated.  One of the major psychiatric classification systems (DSM-III) used to require that women have 14 uncorroborated physical complaints, whereas only 12 were required of men -for the diagnosis to be posed.   The later versions of DSM modified this strange procedure,  removing the gender-specific criteria.  When the same criteria are applied to men and women for this type of disorder,  at least three times as many women are diagnosed as men.  These disorders are called internalizing disorders because most of the problem has to do with internal suffering,  dominated primarily either by feelings of sadness or of fear.   Even anorexia can be considered essentially a phobia ...  of fatness.  Because there are numerous signs of hormonal imbalance such as amenorhea (absence of menses), and lanugo (prolonged presence of baby hair),   and because this disorder typically appears at adolescence and is most often transitory, this latter disorder has been postulated to result from hormonal changes in the hypothalamus at puberty.   One author has even proposed that anorexia nervosa is the female analog of Kleine-Levin syndrome. We saw above that the only language disorder which affects girls more than boys is elective mutism,  an anxiety disorder.  We also know that boys are more at risk for virtually all sorts of epilepsy.   There is one exception however,  namely pseudo-epilepsy  -which affects girls more than boys.  This syndrome is more an anxiety disorder than anything else.   Pseudo-epilepsy,  self-induced convulsions,  occur most commonly in passive and emotionally dependent people who are very anxious.  Even though there is no overall sex prevalence for the obsessive-compulsive disorder,  boys and men are more often subject to aggressive compulsions,  and women to self-oriented compulsions such as cleaning, hand washing, and trichotillomania (hair twirling and pulling).    And remember that the early-onset, more severe forms, affect boys more often than girls.  

A vignette on a case of depression

D’Mello described Mrs A.,  a 32 year old depressive woman, in a 1983 issue of the Journal of Clinical Psychiatry.   Mrs A had been suffering from multiple depressive episodes over fifteen years.   She had been successfully treated with tricyclic antidepressant (serotonin agonist) medication.    She suffered from insomnia,  anorexia,  anergia (low energy),  and dysphoria (extreme sadness and dejection).    At age 32 she had a depressive episode which was treated with the tricyclic antidepressant protriptyline.     She soon developed dry mouth, constipation and eventually, severe epigastric distress (stomach ache) with marked abdominal distention.    It was determined that the severe epigastric distress was caused by aerophagia:  her anorexia,  dry mouth, excessive drinking of water,  constipation,  and additional effects of the tricyclic antidepressant medication had all concurred in producing swallowing of air and pocketing of this air in the abdomen.   Additional treatment was required to solve this particular problem.   

Female-prevalent disorders are stress related,  but the biological underpinnings are very complex.    It is very difficult to distinguish familial and interpersonal stress caused by a behaviorally disordered child from stress antedating and precipitating the behavioral disorder in that same child.  It is also difficult to tease out the effect of stress caused by the hereditary vector.  All the neuropsychiatric disorders,  male and female-prevalent, are to varying degrees heritable.  That means that one or both parents are relatively likely to suffer from some disorder within the hereditary spectrum,   thus stressing the child.   I never cease to be intrigued about how psychologists can claim to ever be dealing with «psychosocial stress» in a given individual,  giving no thought to the eventuality that something biological might be involved.  Nevertheless,  it has been observed that so-called psychosocial stress is a more significant and prevalent precipitator of female-prevalent chronic disorders.   Depression,  phobia, anxiety, somatization disorder, anorexia nervosa and elective mutism are all more prevalent in people (mainly of the female sex) undergoing interpersonal stress (dysfunctional families, bereavement,  financial crisis,   etc.).    The male-prevalent disorders are also stress-related,  but they seem to me to be less so (or are less linkable to ongoing stress in adulthood).   One of my reasons for believing this is that the female-prevalent disorders resemble the classical stress syndromes (post-traumatic stress syndrome for example),  whereas the male-prevalent syndromes do not.   For example,  psychopaths have nerves of steel, no sleep disorder,  no anxiety,  no sadness,  and do not suffer much emotionally.   Furthermore,  psychometric investigations of college students have generally found higher scores on scales of post traumatic stress disorder in women than in men.   One study investigating psychological effects of natural calamities found that women had higher scores on scales of post traumatic stress disorder.   In 1995, Sarah Ullman published results of a randomized community survey of 2,364 Los Angeles residents, in an investigation entitled “the Epidemiologic Catchment Area study”,   to examine the relationship of traumatic events to Diagnostic and Statistical Manual of Mental Disorders-III (DSM-III) criteria symptoms for post traumatic stress disorder (PTSD). Women manifested the syndrome more often than men.  In a study carrried out in 1989 in Japan (Tokyo) a well-known State-Trait Anxiety Inventory was administered to a representative community sample of 1,234 men and women whose ages ranged from 25 to 92 years. Women showed significantly higher anxiety than men.  Of course women’s stressors (rape, marital violence, poverty) are not the same as men’s (military combat, dangerous occupations, financial responsibilities),  but the results may reveal,  I think,  weaker resistance of mental health to stress in women.   

That women develop mental health problems with stress more than do men does not necessarily mean that women manifest a greater physiological stress response during stressful events themselves  -especially in parts of the body outside of the brain.  And in fact,  it appears that if there is any sex difference in the immediate physiology of stress,  it is the male sex which manifests a greater response.   Physiological components of the stress response include cortisol and adrenalin secretion by the adrenal gland,  as well as various indicators of autonomic nervous system arousal of the sympathetic branch (increased skin conductance associated with sweating, increased respiratory and heart rates, etc).  Cortisol is the main hormone involved in the stress response.  It is a steroid hormone like testosterone and estrogen,  but it is not a sex hormone. There is relatively greater conversion of cortisol to cortisone (a cortisol metabolite) in normal women than in matched men providing multiple blood samples (without any additional stress),  suggesting a more active physiological stress response in women  -even in the absence of a highly stressful event.   On the other hand,  several studies have found that men secrete more cortisol when faced with substantial stress than women do,  a finding which argues for greater stressability of men, not women, as could be superficially expected from our review of sex-typical prevalences of psychopathology above.  Adrenalin is the second most important hormone involved in the stress response.  There have been many investigations of adrenalin secretion during or soon after stress in male and female animals.  Males have generally been found to secrete more adrenalin than females when stressed.  In most of the relevant investigations, the heart rate response to stress does not seem to differ between males and females.  A few studies found a slightly greater heart rate response in women.  In animals (mice, rats, monkeys) and in humans,  stress reduces testosterone level,  especially in males.   None of the above argues for greater physiological (short term) stressability of females  -at least as can be judged from indicators found in the periphery of the brain (except perhaps for the heart rate indicator).   

However,  there is evidence of brain differences between the sexes in the response of neurotransmitters to stress,  and even that these sex differences are mediated by sex hormones.   A very interesting investigation was carried out on this subject in 1993 by a team of Japanese researchers. Sex-dependent changes in dopamine (DA) and serotonin (5HT) metabolisms under restraint stress were investigated in correlation with sex hormones. Male and female rats were divided into normal groups (in which female rats were further divided into proestrus, estrus, metestrus and diestrus subgroups), and castrated, estradiol-given, progesterone-given, and testosterone-given groups. Each group was subjected to the same restraint stress (the animal is immobilized, a subjection which is well known to be highly stressful), and DA, 3,4-dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA), 5HT and 5-hydroxyindoleacetic acid (5HIAA) in the cerebral cortex, thalamus and brainstem were measured by the HPLC-ECD method.  DOPAC and HVA are dopamine metabolites,  and 5HIAA is a serotonin metabolite.  In the normal female group, DA and 5HT and their metabolites showed remarkable increase under the stress during proestrus and estrus phases. These phenomena were not observed in the castrated female group, suggesting that estradiol and progesterone are related to stress reactions of DA and 5HT metabolisms. In male rats, however, no distinct difference in the stress reactions of monoamine metabolisms was noted between the normal and castrated groups. In comparison of the hormone-given groups with the castrated groups, the increase in DA and DOPAC in the brainstem for both sex and the increase in 5HIAA in the brainstem for females, were notable.  In the progesterone-given group, DOPAC, HVA and 5HIAA were increased in female cerebral cortex, but not in male cortex. DA metabolism showed no great difference between the testosterone-given and the castrated groups for both sexes, but 5HIAA was increased in female cerebral cortex and brainstem. These findings suggest that stress reactions of DA and 5HT metabolisms in the brain differ according to sex, and that estradiol and progesterone accelerate the stress reactions of DA and 5HT metabolisms.    Another investigation on similar mechanisms in rats led the authors to the following conclusion and speculation:  « ...corticosterone facilitates adaptation to single restraint but impairs adaptation to repeated restraint  [in rats]. As failure to adapt to repeated stress is an animal model of depression, results as a whole suggest that increased corticoid levels and decreased 5HT functional activity may have a role in the development of the illness and its greater incidence in women ».    Ingenious experimentation has even begun to map the brain’s physiological response during stress as a function of an animal’s gender.   In one such study carried out on rats, restraint and formalin injections into a forelimb were used as stressors and 2-[14C]-deoxyglucose (2DG) autoradiography was used to evaluate regional brain glucose metabolism, an index of neural activity.  Analysis of blood samples collected during the 2DG procedure confirmed that stress elevates plasma glucose levels signficantly more in females than in males. Moreover, females showed higher brain glucose utilization in all regions examined, including sex hormone-responsive regions such as the medial amygdala, medial preoptic nucleus, the ventromedial nucleus of the hypothalamus, and arcuate nucleus, as well as the CA1 layer and dentate region of the hippocampus, the posterior parietal (sensorimotor) cortex, medial and lateral habenula, and splenium of the corpus callosum. The sex differences were apparent regardless of whether animals were injected with saline (a less painful injection) or formalin. Interestingly, the medial preoptic area, which shows robust neuroanatomical sex differences, demonstrated greater activation in response to formalin than to saline only in females. In some brain regions of both males and females, glucose utilization was higher on the side of the brain contralateral to the saline or formalin injection site. These findings suggest that there are widespread, gender-related differences in neuronal as well as endocrine activation in response to highly stressful conditions.    In monkeys,  severe early postnatal psychosocial stress caused by rearing in isolation chronically disturbs male behavior more profoundly and more frequently than female behavior.    

The brain’s response to the physiological components of the stress response (e.g., cortisol secretion)  may also in itself be sexually dimorphic.  Indeed,  it seems that estrogen  has a protective function against cortisol in the brain,  particularly in the oxidative destruction of neurons wrought by stress-induced brain cortisol.  One study found that oxidative stress-induced cell death caused by the neurotoxins amyloid beta protein, hydrogen peroxide and glutamate in the clonal mouse hippocampal cell line HT22 is inhibited by the antioxidant effect of 17-beta estradiol. Other steroid hormones, such as progesterone, aldosterone, corticosterone and the steroid precursor cholesterol, did not protect the cells. The neuronal protection afforded by 17-beta estradiol was estrogen receptor-independent. These data demonstrate a potent neuroprotective activity of the antioxidant 17-beta estradiol, which may have implications for the prevention and treatment of Alzheimer's disease.

The interaction between age of onset and the effect of stress.    Though adult males seem to present a more vigorous peripheral bodily reaction to stress,  suggesting that they are more stressable,  adult females seem to present a characteristic delayed response to stress occurring in the brain from puberty through adulthood.    It has now been documented that prolonged central nervous system effects of stress include degeneration of hippocampal and other neurons,  via the effects of cortisol.   The human female brain could be sensitive to the deleterious effects of cortisol in a manner different from what occurs  in the male brain:  the female brain’s response being perhaps somehow delayed and perhaps destabilizing more selectively the serotonin brain network.   In human males,  perhaps the effects of cortisol on the brain are more immediate and destabilize more selectively the brain dopamine network...   Therein lies a speculative explanation of why women would develop more stress-related psychopathologies.   Psychopathology severe enough to be recognized as an official mental disorder does not develop in the short term,  but usually over several years.   It would be absurd to think that a psychopathological syndrome could result directly form morbid peripheral physiology without some central nervous system abnormality intervening.   However,  the above account may be a little too simplistic to fully account for the relevant facts.   Effects of stress on the brain seem to depend on the age of the animal.   Offspring of rats stressed during pregnancy manifest brain changes in several of the sex dimorphic nuclei and in the cortex.   In particular,  the preoptic nucleus of the hypothalamus is substantially reduced in size once the prenatally stressed offspring reaches adulthood. Furthermore, the asymmetry in cortical thickness (favoring the right side) normally observed in male rats,  is not observed when that rat’s mother has been stressed during pregnancy. Finally,  the spinal bulbocavernal nucleus also does not develop to full size in prenatally stressed rats.  These effects are observed only in males.  When one thinks of it,  this is not so surprising:  masculinization of the male fetus brain is androgen dependent,  and a stressed mother is androgen deficient, so the fetus’s brain could be left unmasculinized in that  manner. However, there are numerous other indirect findings suggesting that prenatally stressed male rats have weakened development of brain areas that are not sexually dimorphic.   So  it could also be that stress contributes to the masculine propensity to show early onset psychopathological disorders,  and the feminine propensity to show stress-related psychopathological disorders in adulthood.  A gigantic epidemiological study carried out by the American National Institute of Mental Health in 1967 supports this point of view.   One broad category of psychopathology surveyed in hospitals  and clinics throughout the country was labeled «neurotic disorders ...that are highly reactive to situational stress».   Between the ages of 5 and nine years the female to male prevalence ratio was .51.  Between 10 and 14 years of age,  it was 1.06,  and between 15 and 19 years of age it was 1.77.

A vignette of a case of elective mutism

Atoynatan described in a 1986 publication the case of a girl named Ruth.   At age three,  shortly after her family moved and her mother’s miscarriage,  Ruth gradually stopped talking to boys and men  -whom she claimed to be afraid of.   The only man she would occasionally talk to was her father.   She had been friendly to men prior to this.    Ruth had been and remained disobedient, capricious, defiant and idiosyncratic.    Ruth’s mother had been treated roughly as a child,  making her shy and very reserved it was thought.  She had several psychopathological traits (anxiety attacks, phobias,  illusions,  nightmares,  unjustified symptoms of stress).     It is at the time these symptoms took the form of depression that Ruth developed her selective mutism.   Then the mother’s psychological and emotional state improved during a prolonged regimen of psychotherapy.  In parallel to these improvements,  Ruth also gradually started talking normally to boys and men.

Is the right hemisphere more fragile in females and the left hemisphere more fragile in males ?   A few neuropsychiatrists have put forward the speculation to the effect that the main cause of gender differences in neuropsychiatry are due to a sex difference in asymmetric fragility of the hemispheres,  but I believe most specialists remain unconvinced.   Metabolic imaging of the brain,  neuropsychological testing and electroencephalographic investigations have shown that depression and anorexia nervosa are associated slightly more with right than left hemisphere abnormality.  On the other hand,  investigation of depression secondary to a localized brain lesion has concluded that the left frontal lobe is the most critical brain area. There is not much convincing evidence available, as far as I was able to determine, suggesting any asymmetry of hemispheric disturbance in other female-prevalent disorders such as phobia or anxiety. One interesting study investigated the asymmetry of galvanic skin response (GSR),  a measure influenced by sweat,  which is in turn controlled by a primitive part of the nervous system called the autonomic nervous system.  It is known that the autonomic nervous system is not controlled in the same way by the two cerebral hemispheres.  At any rate,  the study found a relative left-hemispheric GSR dominance in panic patients and a relative right-hemispheric GSR dominance in generalized anxiety patients.  This hint of a greater involvement of the right hemisphere in pathological anxiety has recently been bolstered by a study of 309 patients who had a stroke (a cerebrovascular accident in one hemisphere) and subsequently developed a pure clinical anxiety disorder.  A large proportion of the cases had a right hemisphere stroke.  One study investigated a sample of 42 females and 10 males (mean age 34.3 years) with conversion symptoms (neurologically implausible body symptoms such as forearm paralysis believed to be of psychological origin).  The conversion symptoms occurred on the subjects' left side in 63%. The probability of this distribution occurring by chance is .07 (2-tailed test). For the females, the distribution was even more skewed; the symptoms occurred on the left in 30 cases, or 71%.    The majority of similar investigations have reported trends in the same direction.

There is no disagreement about the fact that developmental language disorders are much more associated with (and also caused by) left hemisphere than right hemisphere disturbance.  However,  boys are more at risk for just about every developmental disorder,  not just the language disorders.  There is little if any evidence to the effect that character disorder, or even its most extreme form, psychopathy,  is a left hemisphere disorder.  There is electroencephalographic, neuropsychological, and even brain imaging evidence to the effect that hyperactivity is more a right than a left hemisphere disorder,  and yet boys are more often affected. 

Student’s tribune:  Mania and agitation versus depression and lethargy  result from right and left lesions respectively
My student,  Caroline Larocque has recently completed a research project on psychomotor agitation or mania and psychomotor lethargy or depression caused by unilateral brain lesions. She found that the lesion is much more often located in the right hemisphere for agitation and mania in adults,  but not for acquired childhood hyperactivity.  She also found that psychomotor lethargy and/or depression are more often caused by left hemisphere lesions,  even in children.  However,  these effects were strongly significant in girls and women,  but barely so in boys and men,  suggesting again that neuropsychiatry does not support a simple notion of hemispheric fragility being segregated by gender.  

One common effect of a unilateral lesion is contralateral hemineglect.  A right hemisphere lesion will typically cause a patient to neglect visual, auditory or somesthetic (tactile) stimuli located on his or her left body side. Congenital dyslexia and hyperactivity are both highly male-prevalent brain disorders. Recent findings of left hemineglect in congenital hyperactivity  argue against a general postulate of left hemisphere fragility in boys,  on the contrary.   

Student’s tribune:  Developmental hyperactivity and dyslexia result from right and left hemisphere dysfunctions respectively
My student Marie-Anne Archambeault recently completed her thesis on performance deficits on each side of the body in unilaterally brain damaged children, in developmentally dyslexic children and in developmentally hyperactive children.   She found that children,  as adults,  show neglect and motor weakness on the body half opposed to the brain lesion.   There is a simple explanation for that:   in the normal brain the right or left body half is controlled by the brain hemisphere opposite to it,  both sensorially and motorically.   What was more interesting was that dyslexics and hyperactives showed the same lateralized weakness and hemineglect as the brain damaged children.    The dyslexics neglected significantly on the right body side suggesting a left hemisphere dysfunction and the hyperactives neglected significantly on the left body side suggesting a right hemisphere dysfunction.

Finally,  there is a very slight trend in the evidence suggesting that Tourette's disease, a male prevalent disorder,  may involve more pathology of the right hemisphere.  It is important to take note of the fact that many findings of psychiatric effects resulting from unilateral brain lesions have not,  at least at present, given any indication of a sex difference.  For example,  orgasm seems to be harder to achieve in both sexes after right hemisphere lesions than after left hemisphere lesions.  In short,  it seems  incorrect to make a general statement about a uniform sex difference in asymmetry of fragility of the hemispheres of the brain.  Rather,  it seems that sex differences in neuropsychiatric disorders relate to a variety of hemispheric disorder asymmetries -sometimes located in different areas within the hemispheres,  as well as to disorders without asymmetric hemispheric disturbance.  

Do human females have a fragile serotonin network and human males a fragile dopamine/noradrenalin network ?   Only a few neuropsychiatrists have dared go out on a limb and propose that the fundamental reason for sex differences in psychiatric disease prevalence is a fragility of specific brain neurotransmitters.   Pierre Flor-Henry, for example,  has stated that women have a fragile serotonergic brain network and men have a fragile dopamine/noradrenalin network.   The model certainly explains female prevalence in insomnia, migraine, depression, panic disorder, anorexia nervosa, bulimia, lower pain thresholds (including recognized syndromes such as maxillary joint pain syndrome),  and higher prevalence of obesity.  All these disorders are treated with serotonin reuptake inhibitors  -though I would not want to argue that this treatment is always extremely effective. Serotonin reuptake inhibitors even seem to be just as effective in treating most anxiety disorders and phobias as are the so called anxiolytics (anti-anxiety drugs) which belong to the class of drugs called benzodiazepines (GABA agonists).  Post-mortem investigation of clinically depressed patients has identified specific forebrain anomalies in the serotonin neuron network. In unmedicated depressed patients studied post mortem, several studies found a significant cortical increase in serotonin (5HT-sub-2) receptor binding over control values.  Antidepressant-treated patients dying while depressed had 5HT-sub-2 receptor densities not significantly different from control values. Patients who died euthymic (i.e., recovered) showed a marked reduction in 5HT-sub-2 receptor binding when compared with controls.  However, in another study a drop in 5HT-sub-2 receptor binding was observed in the limbic structure called the hippocampus.  A recent positron emission tomography (metabolic brain imaging) study looked specifically at the serotonin network in living depressives by injecting into the blood stream with the standard radioisotope a serotonin ligand (a molecule that has an affinity for serotonin receptors).  A forebrain deficiency in the serotonin network was found.   There exist inhibitory self-recurrent serotonin loops making the whole issue very complex,   but altogether,  the research shows without a doubt that serotonin neuron networks are critical in depression.    One piece of evidence presents a more direct argument for human female fragility of serotonin brain dynamics. The increase in plasma prolactin (a primarily female hormone) which follows intravenous administration of L-tryptophan (LTP) (a metabolic precursor of serotonin,  i.e., a molecule used by neurons to synthesize,  create, serotonin) was used to assess changes in brain 5-hydroxytryptamine (i.e.,  the neurotransmitter serotonin,  also known as 5HT) function in normal male and female subjects, following a three week period of dieting. In women, but not men, there was a marked increase in the prolactin response to LTP, suggesting that dieting had caused alterations in brain 5HT-mediated responses. In contrast, dieting did not alter the prolactin response to thyrotropin releasing hormone in either men or women, indicating that the changes in response to LTP could not be attributed to an increase in pituitary reserve of prolactin.  These same authors (Goodwin and colleagues) also published another report on sex differences in effects of dieting on dynamic relations between other hormones and brain serotonin. The authors concluded that dieting alters brain 5HT function in women but not in men,  and that biological factors as well as greater psychosocial pressures to diet may contribute to the high prevalence of eating disorders and depression amongst women.  This study has been recently replicated and the same findings were reported.

Flor-Henry's model certainly also fits with the known male prevalence of hyperactivity  -which is treated with amphetamine agonists (ex: Ritalin)  -themselves molecularly related to noradrenalin,  and Tourette's disease,  stuttering, and juvenile schizophrenia,  all of which are best treated with dopamine (D2-receptor) antagonists.   One of the fundamental roles of the dopamine neurotransmitter is the modulation of pleasure.   For example,  patients with Parkinson’s disease are known to be anhedonic (pleasureless).  The pleasure they used to derive from  food, sex, cultural activities dwindles very significantly.   These patients have pathologically low levels of brain dopamine in one of the main dopamine neuron networks,  called the nigrostrial network.   We have seen (in chapter 2) that the male mammal usually has slightly higher brain dopamine concentrations than the female mammal (though this has not been consistently found),  this certainly being the case for humans.   A few years ago,  evidence was reported of presence of an abnormal gene on chromosome 11 controlling aspects of one dopamine receptor molecule (D2) in alcoholics,  Tourette patients and  psychopaths.  Since these are all male-prevalent disorders,  the hypothesis of a sort of fragility of the dopaminergic network in boys and men began to take credence in the scientific literature.  Replications of this specific finding were,  however,  not very conclusive.     Very recently,  several research teams, in Israel and in the United States,  found that an abnormal variant of another dopamine-controlling gene is over-represented in heroin addicts, gamblers, and even in people with spinal cord injuries.   Of course,  these disorders are all male-prevalent.  Specifically,  it was the D4DR gene,  involved in the metabolism of the D4 dopamine receptor, which was found in mutant form.    Several of these researchers are suggesting that this gene,  via abnormal dopamine metabolism,  favors risk taking behavior.   

It is noteworthy that Ritalin and amphetamine are known to alleviate psychopathic excess (a highly male-prevalent psychiatric disorder).   However,  since there is little internal distress or suffering in psychopaths,  psychiatrists are reticent to prescribe such a drug regimen.  Furthermore,  there is little reason why non-incarcerated psychopaths would comply with such a regimen.    The idea of  fragility of the central nervous system noradrenergic axis in men is  still controversial.  One investigation looked at beta-adrenergic receptor binding in frontal cortices obtained at autopsy from 21 suicide victims (mean age 36.4 years) who died predominantly by violent, nonpharmacologic means and from 21 control subjects who were matched for age, gender, postmortem delay, and degree of violence associated with death.  There was a significant 28% increase in the number of serotonin-sub-2 binding sites and a 73% increase in beta-adrenergic antagonist binding in the frontal cortices of suicide victims compared with controls.   Of course there were many more men than women in this sample because violent non-pharmacological suicide is more typical of men.  Animal models relevant to a « neurotransmitter fragility » concept of sex differences in psychiatry are,  in principle,  of paramount importance.    In one investigation male and female rats were treated with different high doses of adrenaline for five days. Their food and water intakes and body weights were recorded. A considerable sex-difference was found on the 5th day in body weights and plasma glucose concentrations. Males had higher plasma glucose and lost more weight than females. Females ate and drank more than males throughout the experiment. The adrenaline-sensitivity of females decreased by the third day but it did not change in males. These data suggest that females are able to activate mechanisms that compensate the effects of high adrenaline levels while males are not, or their compensatory mechanisms are less efficient.

Now my evaluation of this "pharmacological" model of gender differences in prevalence of psychiatric disease is the following.   It seems to contain a great deal of truth,  but it does not explain all of the important sex differences in psychiatric disease.    For example, women are more at risk for tardive dyskinesia, a disease probably involving a dopamine dysfunction...    On the other hand,  this "pharmacological"  model of gender differences in prevalence of psychiatric disease  presents one important advantage.  It reconciles several apparently contradictory generalities in neurobiological gender research.  On the one hand,  normal women are known to have higher concentrations of serotonin,  and normal males may have higher concentrations of dopamine.  But on the other hand,  female-prevalent disorders seem to be associated with insufficient serotonin and insufficient serotonergic activity (enzymatic activity for example),  and male prevalent disorders are often associated with an excess of dopamine or of dopaminergic activity.   One would have predicted the pathological male pattern from the normal male pattern,  but one would not,  it seems to me,  have predicted the pathological female pattern from the normal female pattern.   Recall that women seem to have higher concentrations of brain serotonin, overall,  than men.   However,  perhaps the key to understanding the role of these neurotransmitters in psychiatric disease is not so much in terms of their concentrations or activity levels,  but indeed in terms of the fragility of the neuronal network which makes use of a specific neurotransmitter.  I suspect that though the human female's normal serotonergic baseline is higher than the human male's,  she cannot tolerate to descend as low as the male without developing psychiatric symptoms.  One piece of evidence in support of this is the following.  Post-mortem comparison of serotonin concentrations directly measured in suicide victim's brains found that the women who had committed suicide still had higher serotonin concentrations than normal men.    Another argument in support of this interpretation is that extreme psychosocial stress has been shown to first increase the serotonin level in the human brain (measured from cerebrospinal fluid),  but prolongation of extreme stress ends up depleting  brain serotonin.


[image: image6.wmf]SEROTONIN'S INVOLVEMENT IN NORMAL BEHAVIORL
AND IN FEMALE-PREVALENT PSYCHOPATHOLOGY

BODY TEMPERATUREL
Poor thermoregulation(]
PAIN] Hot flashes at menopause
Psychogenic pain syndromel] IMMUNE RESPONSE
Somatization Auto immune diseases
MOODO SEROTONIND
Dépression  —__ (5-HT)
Ho— 7 (CH2):—NH, SEXUALITY
| | Frigidity
XN
APPETITED__— |
Anorexiall
Obesity / \
STRESSO
BALANCE OF THE DISPOSITIONLC Post traumatic stress]
TOWARD "FIGHT" OR "FLIGHT"[J Panic disorder[

Phobia Hyperventilation syndrome









MOOD�

Dépression

APPETITE�

Anorexia�

Obesity

BODY TEMPERATURE�

Poor thermoregulation�

Hot flashes at menopause

BALANCE OF THE DISPOSITION�

TOWARD "FIGHT" OR "FLIGHT"�

Phobia

SEXUALITY�

Frigidity

STRESS�

Post traumatic stress�

Panic disorder�

Hyperventilation syndrome

PAIN�

Psychogenic pain syndrome�

Somatization

IMMUNE RESPONSE

�

Auto immune diseases

HO NH

2

(CH

2

)

2

H

N

SEROTONIN

�

(5-HT)

SEROTONIN'S INVOLVEMENT IN NORMAL BEHAVIOR�

AND IN FEMALE-PREVALENT PSYCHOPATHOLOGY


Figure 6.   In the center of this illustration,  the molecular structure of the neurotransmitter serotonin is schematized.   Serotonin is also known as five-hydroxytryptamine (5HT).   It is a very simple molecule composed of hydrogen (H), oxygen (O), carbon (C), and nitrogen (N).      Exploded around this schema are the basic functions and behaviors associated with serotonergic function (in print characters) and female-prevalent disorders of those same functions (cursive characters)           -which are themselves known or suspected to be mediated by abnormal serotonin physiology.

Why do idiot-savants  belong disproportionately to the male sex ?   We saw in chapter 3 that there are more male geniuses than female geniuses.   Is it a coincidence that we see this phenomenon in isolated form more frequently among males,  and even disproportionately so,  in pervasive developmental disorders such as autism and psychosis (particularly manic-depressive psychosis) ?   First of all,  what does the term "idiot-savant"  mean ?    It is a generic term referring to isolated extreme cognitive talent or ability in people otherwise extremely intellectually handicapped.   The most typical forms of its expression are calendar counting,  drawing of photographic quality,  musical ability,  extraordinary addition or subtraction ability, hyperlexia.  One example of the idiot savant   phenomenon was portrayed in the film Rain Man  in which Dustin Hoffman played the role of an autist who was an extraordinary gambler.   Now,  one study,  carried out by one of the great early specialists of autism,  Rimland,  investigated the incredibly large number of 5,400 autistic children.   Among these children,  the ratio of boys to girls was 3.16:1.    However,  the ratio of boys to girls in the idiot-savant sample (531 cases altogether)  was 3.54:1.      The statistics are similar in reports of manic-depressive children.  Unlike the situation in the conduct disorder, hyperactivity, and unipolar depression disorders,  outstanding special ability is quite common in juvenile manic depressives (as high as 40% according to one study) and in pervasive developmental disorders like autism (as high as 35% according to one study).   The proportion of boys among idiot-savant  children is always very high. 

I am tempted to advance a speculative interpretation of the male-prevalence of special abilities in the "pervasive" developmental disorders (autism, psychosis,  mental retardation).   Solitary play of a visuospatial nature may be a more tempting activity for boys,  normal or deficient.  Isn't it true that normal boys will more often take apart toys,  get heavily into drawing,  like to play with puzzles such as Rubic's cube ?  It seems to me that most special abilities noted in the pervasive disorders involve some sort of visuospatial processing.   Calendar games involve spatial mnemonics (memory aides).  Does not musical genius involve a special ability to "see" melodies in one's mind's eye ?  Idiot-savant  drawing is a sort of exercise in photocopying.   In short,  the point I want to make is that the male prevalence of special talent may be the result of preferred activities which become over-practiced,  and there may not truly exist a localized and distinct brain superiority underlying them,   but rather a general sex difference which gets blown out of proportion in socially isolated children.   

A vignette on a case of prodigeal musical ability in a pervasively impaired child

In a book entitled The exceptional brain   Lola Bogyo and Ronald Ellis describe the case of musical prodigy JL.    This “mono-savant” case was born prematurely with brain damage rendering him blind, mentally deficient and epileptic,  and requiring institutionalization.   He was paralyzed on the right side of his body.  His speech was severely impaired.  Even in adulthood, he still had no concept of time, of size, form,  and could not wash, feed or relieve himself autonomously.  He had the overall developmental level of a two year old,  and was intellectually untestable (profoundly deficient).    He started playing the piano at home around 3 years of age.  Several family members were musically active.  He spontaneously spent whole days and nights on the piano,  and this pursuit was not discouraged by the family.  He then mastered the organ, melodica,  harmonica and guitar.  He also sings quite well.   He  has absolute pitch,  and can replicate just about any melody.  He has a repertoire of hundreds of musical pieces including jazz, opera and classical music.  He can join into a group improvising jazz.   He plays with his left (unparalyzed body side) and invents effective solutions to compensate the unavailability of his right body side.   Bogyo and Ellis propose that this case simply manifested an area of mental preservation,  a normal learning rate within that particular domain,  and exceptional motivation bolstered by a supportive family environment.

Why are male and female alcoholism so different ?  A few  researchers specialized in alcoholism have been so impressed by gender differences in the alcoholic career that some have gone out on a limb and actually argued that the heredity of the two forms is not the same. Women alcoholics typically drink at home and are depressed and have tendencies toward somatization.  Onset is typically in adulthood. Alcoholic men typically drink anywhere but home and have a conduct disorder.  Onset is often pubertal or adolescent.   I propose that alcohol researchers who have argued for hereditary sex segregation of alcoholism have simply gotten mixed up in a chicken and egg problem.  My explanation of the phenomenon is simply this:  Alcoholism in women is going to be more likely to occur when the woman is in the grips of a female-typical mental disturbance.   This disturbance is likely to be depression.   Likewise,  alcoholism is more likely to develop in a man with a male-typical mental disturbance,  like character disorder.   The depression and character disorder are primary and the alcoholism is secondary in a sufficient proportion of men and women for the alcoholic trajectory to simply piggyback the primary disorder.   

Chapter 5

Sex differences in life expectancy
Cultural determinants of the gender gap in life expectancy.  Gender is a matter of life and death, literally.  Women's life expectancy in North America today is about 82 years.  Men's life expectancy is about 75 years.  The gender gap in life expectancy has varied from one historical epoch to the other.  For example,  death of the mother during childbirth was much more frequent in medieval Europe.  Of course,  the evolution of medicine and public health, two eminently cultural phenomena, had a lot to do with this particular change.   The more dangerous occupations of men (construction work,  race car driving, professional boxing,  clear water logging, etc.) and their higher historical incidence of smoking and alcohol and drug consumption are also culturally determined life-shortening phenomena. In several agrarian economies,  because male offspring represent an "old age pension and health plan" all rolled into one,  many a parent has gone out and killed his or her female offspring at birth.  Finally,  male roles (high pressure jobs) are believed by some authors to be more stressful,   enough to be life-threatening -primarily via heart attack.

However, it has been counter-argued that men's much greater propensity toward the vast majority of addictions (narcotics, alcohol, gambling,  risk-taking, sex dependence) is itself partly biologically determined.  About 30% of compulsive gamblers had a hyperactivity-attention deficit disorder as children.  Like aggressive men,  psychopaths and violent criminals, gamblers have low levels of serotonin turnover as indexed by blood assay of an enzyme,  monoamine oxidase,  which catabolizes serotonin.  A study recently reported that the antidepressant drug fluvoxamine,  a serotonin agonist,  significantly helped gamblers overcome their vice.  One study found that a particular allelic configuration (pairing) of a gene favoring synthesis of the D2 dopamine receptor is present more often (by a factor of 25%) in pathological gamblers compared to normal controls.  A similar finding has been reported for drug abusers, men with character disorder, alcoholics,  and  Gilles de la Tourette patients.  Similar findings are now accruing with regard to a mutant gene involved in the D4 dopamine receptor.  Since these genes are autosomal,  one would speculate that the expression of pathological behavior in the presence of these mutant variations of these particular genes might be modulated by sex hormones,  particularly testosterone.   Stress associated with high pressure male-prevalent occupations is certainly a killer via heart disease.  However,  the cultural determination of this phenomenon could be disputed (or rather, relativized) since it is well known and admitted that male mammals are at greater risk for fatal vascular disease,  even independently of stress.  Several studies have led to the conclusion that stress leads to heart disease in men,  but not so much in women.   Men are much more often victims of lethal assault (by men) than are women.  Again however,  there are strong biological factors underlying this basic aggressiveness of men,  which could include  assault-provoking behavior (especially aggressivity) of homicide victims (who are typically other men).  Criminological and autopsy investigations of homicide victims have shown that the great majority of homicide victims have criminal records,  and had consumed alcohol before dying.   One of the things that will have to be analyzed very carefully is whether the things that stress men are really the same as those that stress women.    It is possible that certain stressful life conditions (perhaps single-parenting in association with poverty, smoking and junk food consumption),  but not others, indeed place women at high risk for vascular disease.   Finally,   could not male-typical dangerous occupations also have something to do with biological determination of occupational preferences ?   If boys and men are more turbulent, more physically active,  enjoy muscular exertion more, are more aggressive, are less fearful (all of these comprising some biological determination),  could it not be expected that they would naturally choose more dangerous occupations ?   

What is the importance of cigarette smoking,  food preferences, alcohol consumption,  and occupational choice in determining life expectancy of each sex ?  It is probably not great.    One study investigated 40,000 monks and nuns,  white,  unmarried, native-born American,  non drinking,  non smoking.   The nuns had a 5 and a half year life expectancy advantage over the monks.  

Biological determinants of the gender gap in life expectancy.   Many analysts of human life expectancy believe that though cultural factors are obviously important, there is a substantial biological basis for women's advantage in life expectancy.  The life expectancy advantage of females seems to be characteristic of many species,  but the data available most often does not comprise longitudinal follow-up of individuals to death.  In other words,  indications are indirect.   In laboratory animals, neither sex seems to have an advantage in longevity.  Then again,   laboratory conditions favor the male sex,  because the male sex's weaker immune system is minimally challenged in such an aseptic environment.  Several investigations have shown that laboratory rats and mice are more susceptible to infection and death when exposed to controlled doses of viruses or bacteria.  For example, the possible site of expression of the sex difference in susceptibility to infection with Strongyloides ratti (a parasite) was studied in C57BL/6 mice. The intensity of infection, measured by daily larval output in faeces or by intestinal worm burden, was significantly higher in males than in females. This sex difference was already expressed during the migration of larvae from the site of subcutaneous inoculation to the cranial cavity or lung as early as 24 h after infection. Conversely, there was no significant difference in the larval output in faeces or in the worm burden of male or female recipients after implantation of adult worms using a stomach tube. When the susceptibility to infection with S. ratti of gonadectomized animals was examined, the daily larval output in faeces of orchidectomized males was significantly reduced to the level of intact females, while ovariectomy had no effect, suggesting that androgen is one of the important regulatory factors for the expression of sex difference. In fact, testosterone treatment of orchidectomized males or normal females could increase their susceptibility to or above the level of intact males. These results strongly suggest that sex difference in the susceptibility to infection with S. ratti in C57BL/6 mice is mediated by 'natural defence mechanisms' which are modulated by testosterone.   The life threatening diseases whose prevalence is most influenced by gonadal hormones are infection, vascular disease and cancer.   It is through its influence on these diseases that male castration has a life-enhancing effect in the few species so studied (rats, cats and humans).

Biological theory of life expectancy predicts that the gender gap ought not be the same in all types of species.  The Gompertz law,  dating back to 1860,  states that the more monogamous species ought to have a gender gap in favor of females,  whereas sexually promiscuous species ought to approach equal life expectancy.  This prediction is based on the idea according to which fitness of genes has to do with the assurance of available resources,  particularly food,  for the individuals most fit, at any given time, to further the species.  In other words, an animal will have a better chance of multigenerational posterity if at the moment he or she has a negative balance-sheet he or she dies.   In monogamous animals, the male becomes "redundant" more quickly,  according to this theory.   Worse,  redundancy is short lived.   Biologically speaking,  an individual is basically a reproductive asset,  or a liability:  an over-aged animal will at some point be consuming resources needed by its own progeny without contributing to the gene pool,  thus defeating its own posterity.  Of course, humans are relatively monogamous, like other supposedly monogamous species such as birds who also tend to cheat on their life-long mates.  It took some pretty astute field work by scientists for this to be discovered by the way!  So these species should,  according to biological theory,  have a gender difference in  life expectancy.   Humans are not the most sexually dimorphic of primates,  but they are not the most monomorphic either.    In fact,  men weigh,  on average, 15% more than women do.    This directly affects,  I think,  in numerous ways,  life expectancy.   Larger specimens of a same species (especially the heavier ones) generally have a shorter life expectancy.  And though it is risky to compare species with this scheme,  it is less so to compare sexually compatible races.   This can be done fruitfully with dogs.   Small dog races have a longer life expectancy than large dog races.   A McGill University researcher, Siegfried Hekimi  has been studying and breeding worms (hematods) to gain understanding of the mechanisms of longevity.   He has found differences between worms with short and long lives and he is now breeding the «short lifers» with  «short lifers» and the «long lifers» with the «long lifers» so as to create pure races.  The short-lived worms have higher basal metabolic rates, develop faster and become bigger.     Hekimi has isolated four of the genes responsible for the race differences,  but expects to find several more.   He believes there are numerous systems involved which are controlled by various genes:  cell division rates, resistence to different diseases,  metabolic rate, etc.     The particularities of short-lived hematods are reminiscent,  to me,  of general characteristics of males in sexually dimorphic species.  As I will try to demonstrate in detail next,  I believe that gonadal hormones modulate the function of many of these same systems found to correlate with life expectancy in genetic research such as that of Hekimi.   

For the first million or so years of its existence,  until the human species developed a relatively formalized and generalized public culture (ex: of hygiene, of medicine,  of division of labor,  etc.),  life expectancy did not reach beyond the age of menopause and many women died during childbirth.  I imagine that these primitive women must have been much more exposed to viruses and bacteria than were men (see chapter 7 for details).     It seems to me that it was to the advantage of the species, in this context,  for women reaching the age of procreation to develop,  by natural selection,  a certain robustness,  particularly of the immune system,  so that progeny could be cared for.  Nature having limited resources,  this advantage had to be paid for in suffering,  namely by auto immune diseases,  which without usually being fatal or preventing child care,  really compromise the quality of life (especially life long after menopause,  which as I have just explained,  was not part of nature's plan).    Perhaps to some extent because men ensured territorial integrity,  repulsed predators, and hunted,  they developed a greater muscle mass and strength,  also by natural selection,   which in turn required a special type of  blood supply.   Nature, having limited resources,  might have made them pay a price for this advantage,  namely heart and vascular disease.    The idea according to which prolonged infant care by one parent makes longevity advantageous for the parent in question has recently been supported by a study comparing various species of monkeys. Among humans and other advanced primates,  the sex that does more of the child-rearing tends to live longer,  according to a study in the June issue of the Proceedings of the National Academy of Sciences.  In species where mothers bear primary responsibility for childcare --   among humans and gorillas, for example -- females tend to have longer  lifespans than males.  But in species where fathers do as much or more of the child-rearing such as owl monkeys and titi monkeys -- males tend to live just as long or longer than females, according to Dr.  John Allman,  professor of biology at the California Institute of Technology in Pasadena, and colleagues.   Analyzing survival data for 10 primate species, the researchers compared male and female lifespans, and looked at the relationship between lifespan and parenting role. In six of the species they studied -- humans, gorillas, orangutans, chimpanzees, gibbons, and spider monkeys -- females provide most or all of the childcare. In two species -- Goeldi's monkeys and siamangs -- the sexes spilt child-rearing responsibilities.  Among another two -- titi monkeys and owl monkeys -- males take primary responsibility for carrying and caring for their offspring after birth.   In general, the sex that provides more childcare tends to live longer, the researchers found. And the greater the difference in childcare responsibilities between the sexes, the greater the difference in longevity.   "These results run counter to the reasonable expectation that the increased energy expenditure and risk of falling associated with carrying an infant would result in increased rather than decreased mortality," the authors acknowledge.  But the trend makes sense from an evolutionary perspective, they point out. Higher primates usually give birth relatively infrequently, have just one offspring at a time, and give birth to young that need care for a relatively long time. Consequently, parents are more likely to produce offspring that survive long enough to reproduce themselves, if the caregiving sex lives longer.   The bond between parent and child may also play a role in parental longevity, note the researchers. "It is conceivable that the strength of these bonds and their underlying neurochemical and hormonal bases might enhance survival," they write.  "If there's a differential in care provided by father and mother, the sex providing for the care will be favored by natural selection, because their act is essential for the propagation of the species," Allman told Reuters Health in an interview.

Most of the biological factors favoring longevity of the female sex, in today's post-industrial societies,  derive from steroid hormone sex differences.   Longitudinal studies of men with unusual longevity (more than 80 years old) have revealed lower testosterone in the survivors,  itself related to lipid and lipoprotein metabolism  (metabolism of fat). Thinner people have significantly longer life expectancy.  The life-preserving effects of post-menopausal estrogen include resistance to osteoporosis and subsequent hip injuries,  and resistance to coronary heart disease.  Though there are life-threatening effects of estrogen replacement therapy, including endometrial and breast cancer,  these risk factors seem to be calculable from a woman's genealogy,  and can be weighted into the decision, such that overall,  we are looking ahead to an even greater chasm between the longevities of the two sexes,  especially if we assume that smoking in women will reach a plateau soon.   A recent multi-center large scale study found  that post-menopausal estrogen replacement therapy prevented mortality by 17.4% in women without heart diseases at outset,  and by a whopping 52.55 % in women with heart disease at outset !   Since only about 20% of North American women are now opting for estrogen replacement therapy,  imagine the effect full conversion would have on life expectancy !   There seem to exist metabolic sex differences,   in mammals,  due to gonadal hormone action,  which cause diffential risk for hypertension.  For example,  one study determined the effects of gonadectomy on the pathogenesis of hypertension. Male and female rats were gonadectomized at age three weeks.  In intact rats, hypertension developed more rapidly and to a higher level in males than in females.  By contrast, in gonadectomized rats, there was no sex difference in blood pressure because the development of hypertension was attenuated in males and exacerbated in females. None of these differences could be attributed to differences in either saline consumption or vasopressin release since no differences were found among the groups for either variable. Although the underlying mechanisms remain uncertain, the results of this investigation clearly show that the gonadal hormones affect the development of hypertension in the rat.

One could scrutinize the chain of events behind female longevity even further,  and thus discover that risk factors in male mortality are not all hormonally mediated.  Some are directly genetic.   Because the human female has the XX gonosome pair and the human male the XY pair,   the female is protected from bad genes by healthy genes on the allelic locus of the gonosomal counterpart.    Male humans cannot inhibit bad genes located on the large X chromosome.  These bad genes are responsible for countless nervous system disorders associated with mental deficiency.   Worse,  some of the X linked pathologies are lethal  (Rett syndrome,  Lesch Nyhan syndrome,  etc.).   

One outstanding sex difference in matters of health is that women are less satisfied about their health and men are more subject to life-threatening diseases.  This apparent paradox invites some reflection.   In industrialized countries,  women consult doctors far more than men.  It has been written hundreds of times that women simply complain more about, and consult doctors more, for their health problems. I believe this common attitude is not fair to women.  The female predispositions for hysteria (which includes fabricated symptoms), hypochondria (imaginary disease) and somatization (exageration of symptoms) are far from sufficient to explain  the higher medical consultation rate. One study investigated health problems of men and women in general medical practice.   It found that so-called « psychosomatic » problems accounted for only 20% of the sex difference.  I think one should also attribute some of the phenomenon to the types of diseases that women endure more frequently than men.   Women are more subject to non-deadly chronic (long lasting and untreatable) inflammatory diseases (the auto immune diseases,  see chapter 8),  and to more subjectively painful psychiatric disorders such as depression.  Men are more subject to diseases which they quickly recover from (infections for example) or which immediately kill them (cardiovascular disease for example).  

In short,  there seem to have existed evolutionary pressures for greater longevity of the female sex in humans and in several sepcies of monkeys and apes.   The difference in life expectency seems to relate to genetic adaptations to the distinct ecological niche of each sex. To the extent that the males are specialized for aggressive action and the female for childcaring,  then a sex differnce will be apparent,  and it will be biologically fixed in that species.  These genetic differentiations within a given species entail a cascade of biological and biosocial events operating through hormonal,  neurochemical and even anatomical maturation,  including, of course, in the brain.

 The human male seems to be at a disadvantage for survival at all ages without exception,  and biological factors seem to be invariably involved.   I will cover the life span over four periods: prenatal, childhood, adolescence and senescence. I have decided to term the female advantage in life expectancy at these four ages the theory of the horseman of the four apocalypses,   the horseman being the male specimen of our species.  But before I get into these issues,  it seems important for us to determine whether and how in humans one sex seems to get born more often than the other.

Birth ratios as a function of gender.    For every 100 human females conceived,  there are between 107 and 124 male conceptions.  But the male embryo is more likely to abort,  by a factor of about 135 to 100.  As a result,  for every 100 female births there are 106 male births.  One author suggested that the higher conception rate of males could be due to the fact that a sperm carrying the tiny Y chromosome will have a swimming advantage up the fallopian tube  over the sperm carrying the large X chromosome.  In other words,  the unburdened sperm (we are talking about a weight difference measured in nanograms, billionths of a kilogram) will have a statistically significantly greater chance of reaching the ovum and fertilizing it.   I don't believe this explanation is valid.  For one thing,  it has been shown that the ovum gets swamped by about 2000 spermatozoa before any one of them actually penetrates it (175 million of them will have met a sadder fate).  Mechanisms have been recently discovered suggesting that the ovum somehow actively “swallows” a selected spermatozoid,  rather than passively assuming penetration on the part of a particularly enterprising visitor. It has been documented that a crop of fresh sperm contains an equal number of Y and X-carrying exemplars.  So a "proliferative" advantage of one or another type of sperm is not the answer either.  In fact there seem to be several factors involved in determining prevalence of male and female births.  There are racial differences that could reflect a hereditary mechanism  -the nature of which remains uncertain.  It can be surprising sometimes to see which scientific data bases can answer obtuse questions.  There has been very large scale genealogical investigation of beef.  This research has shown that the sex of progeny seems to reveal a genetic pattern.  In other words,  the disposition to have boys or girls could be a trait which is partly inherited.  Mothers of the AB blood type seem to have more boys.   Young parents have more boys.  However,  curiously,  mothers over 45 also have more boys.  Women who become impregnated at the luteal peak have more girls.  The luteal peak is that moment of the menstrual cycle when luteinizing hormone is at its highest blood concentration.  Hormone treatment against sterility certainly increases a woman's “chance” of having boys.   So it appears that there are hormonal details which influence the receptivity of the ovum to one or the other type of sperm.
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Figure 7.   This schema depicts the manner in which an ovum gets encircled by thousands of spermatozoa.  This occurs prior to penetration and fertilization of the ovum by any one sperm cell. It is now known that the ovum and its immediate maternally controlled environment play a more active role than was heretofore thought.    It is clear that the key to accession to the ovum by the sperm is not limited exclusively to fast swimming.
   

The first apocalypse: the human male has lower life expectancy before birth.  Detailed analysis of spontaneous abortions reveals that these affect male embryos and fetuses more often.  There are at least five killers which disfavor the male embryo or fetus:  infections,  errors of mitosis (of cell division),  vascular anomalies and diseases, chromosomal aberrations, and disorders of cell migration.  

The human male is inherently at greater risk than the female for infections throughout the life span.   I say "inherently" because some cultures place such low value on the life of girls that neglect can lead to high rates of infections for the female child.  Of course,  some infections are severe enough to cause death,  and reduce life expectancy.  Why is the human male inherently more at risk ?  The reason for this phenomenon is rather straightforward.  The immune system of the human male is less aggressive against  “hosts”,  especially the truly dangerous ones that can infect and kill us,  but also many of those that can cause developmental malformations.  One exception is the class of antigens which make us allergic:  boys are more often allergic than girls because of an over-enthusiastic response of their immune system to things like pollen,  dust mites, dog and cat dandruff, etc.  Note though that this sex difference is only temporary.   After puberty,  women become three times more at risk than men for developing allergies.  But allergy is not the immune process of greatest interest for our purposes here.  So let’s return to those immune processes which protect us from infection. Most types of immune processes including the proliferation and voraciousness of B and T lymphocytes in reaction to deadly intruders are weaker in human males.  Lymphocytes are circulating cells which attack and disintegrate undesirable foreign bodies (particularly viruses and bacteria). Some of these mature from the bone marrow (B cells) or from the thymus (T cells).   A third category of lymphocyte is the natural killer (NK) cell circulating in the body (white blood cells are natural killers responsible for the color of pus),  and which literally envelop and devour foreign bodies.   The weaker immune system of the male human begins to put him at a disadvantage even before he is born,   which is why male fetuses succumb more frequently to  infections transmitted from the mother during gestation such as toxoplasmosis,  rubella,  etc.  The infectious agents more likely to kill men in adulthood  have historically included agents such as tuberculosis and pneumonia.  It has long been believed that steroid hormone differences between the sexes suffice to create the cascade of developmental events leading to the basic sex difference in the immune system.  After all,  it is well documented that estrogen fans auto immune inflammation,  and is prophylactic against infection.  However, to preclude an overly simplistic interpretation of the relation between estrogen and immune function,  I have to say this:  estrogen reaches its highest concentration in women as pregnancy advances toward parturition.   However, at this same point most immune responses are actually weaker than in women who are not pregnant.  Why ?  So that the mother will not reject the foreign body (parasite) which is her own baby !   In short,  hormonal-immune relations are very complex.   There is increasing evidence,  though still tentative,  to the effect that X-linked genes also play a modulatory role in immunoregulation  -even though the most important gene complex in immunoregulation is located on the sixth chromosome,  an autosomal chromosome supposed to be identical in the two sexes.  

 The mechanism, or mechanisms responsible for the greater risk of the human male of mitotic error is less understood.   Mitosis is nothing other than cell division.  Cancer is an error of cell division.  In fact,  it consists of unbridled mitosis.   The young male of the human species is at greater risk for most cancers (but not all kinds) than his female counterpart.  A recent study conducted in Italy reviewed 90,431 cases of cancer in humans. Women had a better prognosis for most cancer sites (overall 5-year relative survival in women 48% vs 32% in men).   Of course,  it would be very difficult for men to have higher rates of breast or ovarian cancer since men do not have these organs.  Actually,  things are not quite that simple.  Men have rudimentary vestigial mammary glands,   and the odd few can get breast cancer (and Klinefelter patients,  who have gynecomastia or female-like breasts,  are more at risk than normal men).  However,  in the cases of those organs which are similar in both sexes (viscera, bone, muscle, brain, etc.),  the human male is slightly more at risk for cancer,  at all ages.  Though this is an overriding general tendency, there are some exceptions.  For example, the incidence of gastric cancer is much higher in men than in women, and a similar sex difference is also seen in a rat experimental model of gastric cancer.   One line of investigation which could explain the generally greater male risk for cancer is biomolecular research into X-linked mechanisms.   The catalytic polypeptide of DNA-polymerase-alpha,  which seems to play a basic role in cell division in the entire body,  has been mapped to the X chromosome,  thus offering a tentative mechanism for female resistance to cancer.  Finally,  at least one cancer has been linked to concentrations of a male steroid hormone.   Indeed,   cancer of the prostate (a male organ) has recently been found to be curable with a treatment involving,  among other things,  administration of Zoladex, a testosterone antagonist.   

Excessive proliferation of cells in the brain is one problem which affects male fetuses more than female.   However,  insufficient cell division can be another major problem.   One of the severest such problems,  anencephaly,  consists of a failure of development of the last layers of brain tissue.  Anencephaly is the failure of development of the most anterior part of the brain.   It occurs very early in prenatal development at the moment when the brain consists of a mere tube (the neural tube). This problem is very rare,   but it affects females more often than the male fetuses.  The female to male ratio is 1.49: 1. Female newborns are also at greater risk for an abnormally small head and brain (microcephaly).  This is also a failure of growth which usually occurs very early on in fetal brain development. Later occurring disorders of fetal brain development are more common in the male sex.   For example,  the corpus callosum is a large bundle of neurons which develops relatively late in fetal development.   Male fetuses are more at risk for all callosal abnormalities including holoprosencephaly (fusion of the two brain hemispheres)  and callosal agenesis (failure of development of the corpus callosum).  Spina bifida,  a failure of encasement of the spinal cord into the vertebrae (or spinal cord hernia),  is also preponderant in male over female newborns. Hydrocephaly is also more common in the male sex (2.2: 1). Some authors call these disorders defects of “canalization” of the nervous system.   

Vascular disease of blood vessels can lead to two types of conditions which kill people:  bleeding (hemorrhage) and obstruction (thrombosis or embolus).   Heart disease is another vascular condition.  All three forms affect the human male more than the human female.    Because it is rightly known that an unhealthy life style (alcohol, smoking, heart disease, fatty diet, sedentarism, stress) can increase risk for heart (especially the strongly male prevalent coronary atherosclerosis) and other vascular diseases,  it has been argued that women will catch up with men  -as they seem to be doing as a direct function of the decreasing sex difference in prevalence of smoking.   This well founded observation does not however explain the whole story.   The male fetus and child are particularly at greater risk for vascular disease,   a sex difference difficult to attribute to life style.   In other words,  there is a biologically inherent weakness in the male vascular system in the human species.  

 Of course,  it is easy to explain why there would be more gonosomal aberrations in the male sex.   The male is not protected by lyonization (see chapter 3 if you have forgotten the explanation of this mechanism).   However,  the human male is slightly more at risk for autosomal aberrations as well !   This is truly a remarkable sex difference.   Why in heaven's name would there be significantly more boys with Down's syndrome (trisomy 21)  than girls ?  It has now been found in several investigations that whereas female humans are more susceptible to errors occurring at the moment where the future mother's egg (ovum) is dividing up its chromosomes into half the full set (meiosis),  human males are also in addition to that, more at risk for such an error occurring in the future father's sperm.   This sex difference seems to be most true of one of the most common chromosomal aberrations,  trisomy-21 or Down's syndrome.   It is still not known why this paternal legacy is handed down so much more often to the male offspring,  nor what is special in this respect about the 21st chromosome.   Curiously,  I have come across many reports of an exception to the overall trend disfavoring males:  the female sex has been reported to be at greater risk for Edward's  syndrome (trisomy 18).  I have not been able to find much scientific explanation of this phenomenon,  but it seems that more female zygotes with major chromosomal abnormalities (trisomy 13 or Patau's syndrome,  trisomy 18 or Edward's syndrome) actually survive to term.   So in fact,  the male sex is probably truly more at risk for all the autosomal trisomies.  Overall,  the most extensive investigations of chromosomal aberrations (trisomies, monosomies, structural abnormalities such as partial deletions) of very large cohorts have found that the male sex is somewhere between 1.2 and 1.3 times more at risk.   

Neuronal migration in the brain, like neuronal proliferation (cell division or mitosis), is a phenomenon of prenatal development.   Neurons are most often born in a central area of the brain called the periventricular area.  That is where the mother neurons divide and multiply (mitosis),  a process  reaching near-completion around the fourteenth week after conception. I cannot resist mentioning that this process of mitosis becomes so intense that at the high point of the process,  the fetus's neurons are multiplying by a factor of 5,000 a second !  Shortly after they are born,  many things happen to the daughter neurons.   They migrate,  differentiate, interconnect,  form systems, etc.    Given the rapid rate at which all of these processes occur in fetal development,  is it any wonder that errors may sometimes occur ?   One of the errors that does occur is in the migration of the daughter neurons to the gray area of the brain,  the intelligent part, called the cortex.   Neuronal migration is guided by complex chemical processes diffusely (and not so diffusely) occurring in the brain.   Newborn neurons are attracted to specific mature neurons (targets) with which they are destined to make contact and form synapses. A diversity of molecules located on the targets (cell adhesion molecules) and around the targets (hormones,  immune processes, etc.) also play a role.  Most of the process of neuronal migration is complete by the time of birth.  Sometimes,  cell migration is off by a whole cortical layer.  One such syndrome is called double cortex,   and is characterized by extra layers of cells in the cortex,  beyond the usual six.  Incidentally,  the double cortex syndrome is very rare,  and the few cases reported in the medical literature that I have consulted were all of the female sex,  for reasons that remain, I think, completely unknown.  However,  several more common syndromes due to errors of neuron migration are more prevalent in the male sex.  One disorder of neuronal migration, which is less dramatic than double cortex, causes dyslexia.   During fetal development, pockets of neurons get installed here and there in inappropriate layers of cortex,  and these can be accompanied by micro-vascular anomalies as well.   These migrational anomalies are called ectopias.  They are characteristic of all developmental dyslexics which have been studied post mortem.   Dyslexia is a male-prevalent disorder.  It is not clear to which extent the male sex is at risk for errors of cell migration in the brain in other developmental disorders.  Many developmental disorders have not been systematically explored with autopsy material.  More severe disorders of neuronal organization may involve multiple errors of cell division as well as migration.  Trigonocephaly is a deformation of the cranium and brain characterized by a triangular forehead.  This condition was studied in a pedigree and was found in six relatives through three generations of one family. In addition to the trigonocephaly,  the carriers had minor ear, vertebral, and genital abnormalities, mild microcephaly, and minor eye abnormalities.  In this family, trigonocephaly was an autosomal dominant trait. The ratio of affected males to affected females was 5 to 1.   Porencephaly is a major aplasia (localized failure of development of the brain).   One study investigated porencephaly in 2793 consecutive autopsies of children aged up to 18 years.   There were 12 cases of porencephaly, accounting for 0.43% of the autopsy material, and 5.2% of all anomalies of the central nervous system in this age group. The anomaly was twice as frequent in boys than girls.   

An intact brain requires not only proper emplacement of neurons,  but also of all the other tissues forming the head, including bone.    It is easy to detect errors of bone development because the cranium can be assessed directly in a living newborn.   One of the disorders of development of the cranium is craniostosis,  inappropriate timing of the fusion of the bone plates forming the head.   This results in deformities of the head and of the underlying brain.   And indeed,  boys are slightly more frequently victims of this developmental disorder than are girls.

The second apocalypse: the human male survivor has lower life expectancy during childhood.   Greater risk of boys for vascular disease, infections, and cancer does not go away during childhood or adolescence,  but it accounts for a small proportion of mortality at these ages  -at least in post-industrial rich societies.    Involuntary suicide does however become possible in childhood.   Involuntary suicide consists of a self-inflicted mishap leading to death.   One of the causes of such a mishap is likely to be recklessness,  dangerous behavior,  self-carelessness,  absence of fear,  and the like.  This is where a sex difference could intervene.   The male sex is slightly more "rough and tumble"  than the female sex.   Boy infants and children stray more easily away from their mothers.   They are slightly less fearful.   They more often suffer head trauma,   and are more often victims of fatal accidents.   

The third apocalypse: the human male survivor has lower life expectancy during adolescence.   Vascular, infectious, oncological, and accidental death continue to affect adolescent boys more than girls.  There is however, an additional sex difference which rears its ugly head at this age:  suicide.   Suicide exists in pre-adolescent children, but is quite rare.  The suicide rate climbs rapidly however, during adolescence, to become in fact, the major killer in this age group -especially in Nordic countries where suicide rates are generally higher (probably for reasons having to do with climate,  such as lack of sunlight).   Intense light such as tropical sunlight (or certain special very high intensity electric lamps) is an effective antidepressant,  as numerous controlled clinical experiments have now shown.   There is a huge gender gap in adolescent suicide rate:   whereas girls have just as high rates of suicidal rumination as boys,  the latter are about five times more prone to actually killing themselves  -more often by violent and effective means (gunshots, jumping off bridges) than are selected by girls (superficial wrist slashing,  pills).  Over all ages, in western cultures, the human male is about 3 times more likely to commit suicide than the female.  It could be argued that this is a culturally determined gender difference.   But I would counter-argue that part of the difference is biological.   The more aggressive and fearless disposition of boys is partly inherent,   and when a boy is upset,   this trait,  whether turned against himself or against others can more easily lead to death.

A vignette on a case of attempted suicide in an adolescent boy

S9 was a 15 year old boy who was referred to a local clinical neuropsychologist after a near fatal suicide attempt.   He had attempted to kill himself by shooting himself in the anterior temple.   The bullet ripped through his frontal lobes.  Because the optic tract (the eye’s nerve) travels there,  he was permanently blinded.   He had not fully recovered medically when he was first assessed psychologically.   During the hospitalization he was very angry and suicidal.  Prior to the suicide attempt,  he was a very bright student.   His parents were divorced but regrouped after his suicide attempt to care for him.  He had had no specific complaints about any aspect of his life except that most of his friends, who were older than he,  had left his school for college.  He had a girlfriend at the time of his suicide.  She remained very close to him after his suicide attempt.  His suicide attempt took everybody by surprise, given his previously apparently happy childhood.    He had however been a bit of a braggart and was not much  sought out by other children:  this distressed him.      During his hospitalization,  he did not complain,   and his depression and anger eventually both lifted.   Upon follow up,  he was learning Braille in a school for the blind at a very fast rate and stated that he was satisfied with his life.   Neuropsychological evaluation after his medical recovery revealed superior cognitive ability in all spheres.  This boy has a narcissistic personality.

Some readers might wonder whether men are more at risk for death during young adulthood.  They are.  One of the factors involved is work related deaths.  This factor is not very important epidemiologically (it is not a “ major ” killer),  but it is a true sex difference.  For example,  in Canada there are about 1,000 work-related deaths per year.  Of these,   960 are men.

The fourth apocalypse:  the human male survivor has lower life expectancy during senescence.   Very old men do not tend to be behaviorally very aggressive,  though they can of course be quite grouchy.  Several factors may be involved in this behavioral change.  As men get very old,  testosterone rates drop considerably though very slowly.   However,  it could be that very old age,  with its sedentary lifestyle,  and also with the lowering of a person's vitality,   just takes away the cutting edge of violence.   One piece of evidence to the effect that testosterone continues to modulate men’s aggressiveness in old age is the following:   a recent study investigated testosterone in violent aggressiveness in elderly men with dementia.   Dementia, as in Alzheimer’s disease, is a brain disease causing a person to loose all of his or her mental abilities.  The violent patients had much higher levels of testosterone than did the non-violent control group.   One could easily imagine that cultural factors could be at play in changes in male violence in old age as well:  maybe very old men finally learn that violence is antisocial and counterproductive...   At any rate, the gender gap in suicide rate wanes in senescence -a phenomenon which as I have tried to explain,  is related to violence in general.  However, vascular, oncological and infectious risk factors continue to disfavor males in old age,  and these elements of the gender gap in life expectancy even get worse.  This is not very surprising.   We all have to die,   and we are likely to die from whatever weakness of our body is the more critical for survival.   

I personally expect the gender gap in life expectancy during old age to widen in the next few years for the following reasons:  1)  smoking in women will reach a plateau,  2)  estrogen replacement therapy for post-menopausal women will become more prevalent (it protects against Alzheimer’s disease and against vascular disease including stroke).

Gender differences in risk for brain lesions.  Neuropsychologists are generally more interested in brain pathology than in pathology of other body tissues. Several gender ratios in cerebral disease seem to depend on sociocultural factors. In his compilation and analysis of 800 medical records of patients with brain diseases in a hospital serving a severely socioeconomically disadvantaged community (with a very high proportion of impoverished single mothers) in the city of Montreal,  Alain St-Marseille found that there are nearly as many women with cerebrovascular accidents as there are men.   He interprets this as an effect of stressful living conditions of the women.   More precisely,  he suggests that in the middle classes,  men are more stressed than women,  but that in the very low social classes,  women are more stressed than men.    However,  there is another factor involved:  his sample consisted of elderly patients only,  and we know that early onset of disease is generally typical of the male sex.  Finally,  I suppose that impoverished post-menopausal women seldom opt for estrogen replacement therapy,   thus depriving themselves of a potent protection against cardiovascular disease.

Student’s tribune:  Men and boys are more at risk for most kinds of brain damage
My students,  Isabelle Montour-Proulx, Caroline Larocque and Loïc Villeneuve, and I, have had the opportunity,  recently,  of completing a vast meta-analytic investigation of 563 cases of radiologically confirmed unilateral cortical brain lesions (lesions of the gray matter mantle of the brain in only one hemisphere).   We tried to draw every single relevant published case into our data bank (we had numerous selection criteria that need not be mentioned exhaustively here). We also went through medical dossiers of several large hospitals and drew all the relevant cases we could find. There were as many children as adults in the overall sample.  Because one of our selection criteria was availability of IQ scores (intelligence quotients),  this represents a rather particular data base for epidemiological analysis.  I feel it is nevertheless interesting to mention here the distribution, as a function of gender,  of the pathoetiologies (the causes of the lesions) of these numerous cases.   We found that males were more at risk for unilateral cortical lesions as a whole (a ratio of 1.8:1).  Onset in males was significantly earlier (26 years,  versus 34 years).  Vascular etiology (or cause) of the lesion was much more frequent (157 males to 60 females,  i.e., 2.6:1),  as was tumoral etiology (50 males to 32 females, i.e., 1.6:1).   Epilepsy was also present more often in the male sex (139 males to 108 females, i.e., 1.3:1).   Of course,  head trauma was a more common etiology in males than in females,  especially in the children (69 males to 17 females,  i.e., 4.1:1).  Finally,  these brain lesions were not caused by infections frequently enough to support comparison of the sexes. 

Chapter 6

Neuropsychology of sexual orientation and sexual identity

Can homosexuality or transsexualism be biologically determined ?    This chapter will demonstrate that there are numerous indications of biological determinants of homosexuality and transsexualism.     In humans, genetic differences, brain differences,  endocrinological differences,  and neuropsychological differences have been documented between these two groups and «straight» comparison groups.   All of these will be reviewed in detail in pages that follow.    One problem in concluding from such evidence that homosexuality or transsexualism can be biologically determined is that  you can never argue that biological factors would be sufficient cause  for such upheavals of sexual orientation or identity.   However,  if one were to observe,  say,  a full fledged preferential and durable homosexual relationship in intact animals,  then given that culture as we know it does not exist for them,  we would have an existence proof of biological determination as sufficient  cause.    Such an existence proof has indeed been provided in the scientific research literature for homosexuality.  In a 1976 issue of the juornal Archives of Sexual Behavior Erwin and Maple described a relationship in Rhesus monkeys in which the two males prefered each other for sexual contact over a sexually receptive unfamiliar female.

Sexual genotypic and phenotypic configurations.   The way I see it,  there are two fundamental aspects of human sexuality,  sexual orientation (the object of one's sexual desire) and sexual identity (whether a person subjectively feels like a man or like a woman). Nature delivers us,  the vast majority of times,  encased in a clearly male-looking or female-looking body.   The various forms of apparent hermaphroditism are the exception.   Our sexual appearance, feelings, desires and behavior are phenotypical,  they are the manifestations of things largely determined by our genes (genotype).  Of course, not all inflections of inner life and behavior are direct emanations of our genes.   However, as I shall explain,  the big picture (our basic sexual orientation and sexual identity)  certainly is determined,  to a very large extent, by details of brain anatomy and brain physiology.  Most of this brain anatomy and physiology is directly determined by our genes, and most of the balance is greatly determined by congenital factors (not necessarily hereditary, but nevertheless biological and present at birth:  trisomy-21 or Down’s syndrome is a congenital non-hereditary condition consisting of an accident of meiosis occurring before birth).  Of course,  extremely disfavorable environmental conditions (maternal alcoholism or malnutrition) can play a part in congenital defects.  However,  curiously,  even though there is a much greater heterogeneity of psychosexual configurations in genotypic males,  the details of phenotypic expression are under tighter genetic and/or congenital control in males than in females of the human species.  In other words, atypical sexual orientation or identity  in genotypic females is relatively more influenced by life experience, i.e., by culture, and relatively less by nature.  The typical sexual configuration is that the XY individual is, by definition, a genotypic male,  feels like a male, and is sexually attracted to females.  Likewise,  the typical XX individual is by definition a genotypic female,  feels like a female, and is attracted to males.  You knew that !  Let’s review the neuropsychology of variations of this basic normal configuration.

Homosexuality and transsexualism as a function of chromosomal aberrations.   Some people receive an extra Y chromosome from their father.  Because they have the XY chromosome pair, they are genotypic males.  Grown up, these XYY individuals look like men, are on the average  taller than ordinary XY (and even than XXY) men and are not very intelligent -though they are rarely mentally deficient.  They  have a male sexual identity,  but often have a homosexual orientation. They have diminished fertility.  I have even come across a publication describing two cases of male-to-female transsexuals requesting a sex change operation who were XYY karyotypes.  Given the rarity of transsexualism,  this finding could be more than coincidental.   Weakly masculinized sexual identity is not necessarily associated with other androgynous traits.  For example,  several investigations have shown that XYY men are more irritable,  anxious and impulsive,  and are less empathetic,  than XY control subjects.   It has even been thought that because these men are proportionately more often found in penitenciaries,  the Y chromosome can be labeled the «crime» chromosome or even the chromosome containing «killer» genes.  It is now more generally considered that the tallness and low intelligence of these men suffice to explain their more frequent presence in prison:  they are not more intrinsically criminal,  they are more sollicited by criminals because they are tall,  and they get caught more because of their low intelligence.     I disagree slightly with this very current point of view.  Of course there is no such thing as an intrinsic disposition toward crime.  However,   I believe the higher prevalence of this genotype in prisons (which undeniably exists) could very well be caused by more than the above two characteristics.   The adaptational difficulties caused by their frequently «atypical» sexual orientation, and especially by their bad tempers could also contribute to higher rates of criminal behavior.   The XYY criminals are not more violent than the others,  but they more frequently do have personality disorders (beyond the ones involved in criminal behavior).

Another viable gonosomy consists of receiving an extra X chromosome -in addition to the XY pair.  This condition is called Klinefelter's syndrome (XXY).  These men are typically tall,  and not very intelligent -though rarely mentally deficient.  They have (on the average) a weakly male identity and weakly heterosexual orientation.    Men with Klinefelter syndrome are at risk for infertility.

A vignette on a case with Klinefelter’s syndrome

Mandoki and Sumner presented an interesting case of Klinefelter syndrome in a 1991 issue of the journal Clinical Pediatrics.   Case SS had been a psychiatric outpatient for two years.   He was aggressive, emotionally immature,  socially withdrawn and schizoid.  His verbal IQ was 70 (low normal bordering on mental deficiency) and his performance IQ was 80,  a profile absolutely typical of Klinefelter syndrome.    He was tall and had disproportionately long legs.  Though his penis was of normal size (an exceptional finding in Klinefelter’s syndrome),  his testes were small.  He was glabrous (no body hair), had gynecomastia (female-like breasts),   abnormally low testosterone and abnormally high luteinizing and folliculostimulant hormone levels.  He received propanolol for his aggressiveness, testosterone replacement therapy via intramuscular injections,  suction lipectomy for the gynecomastia,  and bilateral orchidectomy with testicular implants.  He was placed in a special vocational program.   Two years after these multiple clinical interventions,  his behavior and subjective well being improved dramatically.  

N.B.  Anomalies which have been noted in Klinefelter syndrome (not mentioned in this case report) include  low energy,  passivity,  sexual inactivity,  low self esteem, hypospadia (opening of the urethral canal along the penis), a female configuration of pubic hair (the patch forming an inverted rather than an upright triangle) and a small head circumference.

Some people fail to receive one of the gonosomes from either of their parents,  leaving them with only one X chromosome.  These people,  who have what is called Turner syndrome, look more like women than men  -though they do have a barrel-shaped thorax,  thin hips, no breasts, and no uterus.  These women are also not very intelligent,  but are rarely mentally deficient. They feel strongly like women,  and are clearly heterosexually oriented. One interesting question which Turner syndrome brings up is whether what is missing is one of the maternal X chromosome or the paternal Y chromosome.  There is no doubt that both occur.  Interestingly,  the stigmata (abnormalities), and the sexual identity and orientation, seem to be about the same regardless of which chromosome is missing.   Finally,  I cannot resist mentioning the implications of Turner syndrome as a test for the lyonization hypothesis that I explained in chapter 3:    in the absence of a second X chromosome,  the lyonization hypotheses predicts that Turner cases should be at risk for X-linked recessive diseases and disorders as frequently as men.  This is indeed the case.  For example, while 8% of Turner women are color-blind,  only .5% of normal women are so affected.

Finally,  some genotypic females receive an extra X chromosome (XXX).   Grown up,  these women are a bit taller than average,  feel resolutely female,  and have a normal heterosexual disposition. Though their genotype often goes undetected,  they have several problems.  They have diminished fertility,  many have abnormal menstruation and/or reach menopause early.  They are slightly at risk for schizophrenia or manic-depressive disorder and mental retardation.  About one third of these women are nevertheless perfectly normal in all the above respects.   There is a lesson to be drawn from these configurations:    genotypic females seem to have a more robust sexual orientation.  Even when there is a chromosomal aberration (the XXY, XYY, and XXX patterns are trisomies,  and Turner syndrome is a monosomy),  those individuals with the female genotype have the species-specific sexual identity and sexual orientation, whereas not all those with the male genotype do. 

A vignette on a case of Turner’s syndrome

Case S17 is a 14 year old girl who came to my attention after having been seen in a local hospital neuropsychology service.   She has an unambiguous X0 karyotype.  In other words,  every single cell of her body has only one X chromosome instead of the usual XY or XX pattern.   She had poor coordination as a young child,  suffered frequently from otitis, had eczema and had renal problems.  She started hormone replacement therapy at age 10.   Her main problem at school was difficulty in mathematics.   She is a secluded, quiet,  compliant child who is not much sought out by other children.    She showed depressive signs and was anxious at the time of neuropsychological consultation.   As is typical in Turner’s syndrome,  her verbal IQ was normal and her performance IQ was low-normal, bordering deficiency.   She had no attention deficit,  normal language abilities,  normal memory.   However,  she did have a selective visuospatial deficit,  a finding again typical in Turner’s syndrome.   She was heterosexually inclined,  though sexually inactive,  wished to raise children,  and hoped to work as a daycare employee with young children.    This child’s only adaptational problem was that parental academic expectations were too high for her ability,  and she was suffering from decreasing self-esteem.     The clinical neuropsychologist expected a good outcome for this particular case.

N.B.   Typical abnormalities in Turner’s syndrome include short chubby stature, scoliosis (curved spine), short palmed neck, barrel-shaped chest, craniosynostosis (prematurely fused cranial plates), micrognathia (receding chin), strabismus (crossed eyes), cardiac, ovarian, uterine, intestinal and renal dysgenesis,  hypoplasic (small) fingernails,  abnormal dermatoglyphs (finger and hand ridges),  and callosal agenesis.

So far,  I have reviewed only the aberrations of whole chromosomes.  However,  major biological gender effects can result from translocation of a single gene.    Recall that gender is determined by a single gene,  Sry, located on the Y chromosome.  This gene can,  very rarely,  be installed in the wrong place,   namely on the homologous position of the X chromosome.  This can result in a genetically XY individual who lacks male organs or an XX individual presenting marked masculine qualities.   One investigator has become able to produce at will such exemplars in mice with a bit of genetic engineering.   He adds a DNA fragment containing Sry to the ova of a female mouse,  and obtains male-looking XX offspring.  Interestingly though,  these chimera are sterile,  which strongly suggests that there may in fact be more to maleness and femaleness than the mere Sry trigger.   

Endocrinological factors in homosexuality.   There are three to four times as many homosexual men as there are lesbians.  Most homosexuals have a sexual identity concordant with their genotype. In other words,  they feel psychologically like men if they are XY and like women if they are XX.  Is there something biological that can happen to an XY fetus that will invariably make him a homosexual ?  Absolutely.   There exists a condition called androgen-insensitivity syndrome.  This X-linked hereditary condition consists of inability of any of the body's cells to respond to androgens (the main androgen is testosterone).  This is a very specific metabolic disorder.  Normally,  the male or female fetus receives a small but significant dose of androgens through the blood stream from the mother -who secretes them with her adrenal gland and to a lesser extent with her ovaries.   Then, if the fetus is male,  he will develop gonads (testicles) and secrete his own androgens in much greater concentrations (in addition to those he secretes with his own adrenal glands).  If the fetus is female,  she will secrete the same small amount of androgens with her adrenal gland as a male fetus will with his own adrenal gland.   However,  the XY fetus with androgen insensitivity syndrome does not respond to the androgens at all.  The result is that this fetus,  who was genotypically destined to become a boy and a man,  does not appear to do any such thing.    Sadly,  the internal reproductive organs are more male-like,  but are sterile.  These cases used to be taken for girls and were identified only due to the discovery during adolescence of an insufficiently deep vagina,  or because of absence of menstruation.   The male with androgen insensitivity syndrome is born looking exactly like a female,  though taller.  The sexual identity and orientation are both like those of normal females (Money, 1993).  

One form of androgen insensitivity syndrome is male pseudo-hermaphroditism.  This inherited enzyme deficiency syndrome causes males to develop as females until puberty.  However,  at puberty,  the individual turns into a male.  His testicles descend,  a penis develops, the voice deepens, facial and body hair appear and the musculature becomes masculine.  These individuals,  raised as girls until puberty,  have little difficulty adjusting to the male identity after puberty.  They are even sexually attracted to females like normal men.  Often more in hindsight than otherwise,  it has been noted that these people had already started shifting toward a male identity by 5 or 6 years of age.  

Is there a form of estrogen receptor insensitivity in humans ?   Until recently,   such a condition was thought lethal.  However,  a few cases have been described including one man by Smith and colleagues (1994) who presented an abnormal estrogen receptor gene and cellular insensitivity to estrogen.  This man developed relatively normally but had osteoporosis and slowed development of his physiognomy.   He was sexually functional,  had a male sexual identity and a normal male sexual orientation towards women.  Another man with the same syndrome developed cardiovascular disease supporting the widespread belief to the effect that estrogen protects against vascular disease.  A few female  cases have been described as well.   These cases were pseudohermaphroditic (very enlarged clitoris),  but eventually did manage to partially cross puberty with estrogen replacement but female secondary sexual characteristics appeared with a delay and incompletely.  Only one report comprised assessment of sexual identity,  and none of sexual preference.    Conte and colleagues (1994)  mentioned that their case of an adolescent with mutant P450 aromatase gene (necessary for estrogen synthesis) had a female identity despite her masculinized appearance.  This corrobotates the generally acknowledged fact that sexual identity is more robust in the human female than in the male.

In short,  in the genotypic human male,  species-specific sexual identity and sexual orientation is determined by a cascade of events following from the androgen infusion (probably independent of estrogen),  into the blood stream, coming from the mother and/or the fetus's own gonads,  but which may also require a receptiveness on the part of all those cells which will eventually partake in sex differences.   In addition though,  there remain many mechanisms of these developmental cascades which remain obscure. 

A vignette on a case of incomplete androgen insensitivity syndrome

In 1991,  Gooren and Cohen-Kettenis published an account of case F.  He was born looking like a girl,  but had an enlarged clitoris.  The infant was diagnosed as having a male genotype (XY) with androgen insensitivity syndrome (AIS),  and was assigned to the female sex and raised as a girl.   This case is particular in that the insensitivity to androgens was not complete (thus the enlarged clitoris).   The small amount of androgen activity going on in F’s brain may have been sufficient to instill a male sexual identity and sexual preference for women.   Indeed,  from early childhood,  F incoercibly behaved as a boy:   F was belligerent, turbulent,  very sports oriented,  and at 14,  started having sexual relations with girls.   F felt attracted exclusively by girls.   A few years later,  F underwent a sex-change operation,  had “ her ” breasts surgically removed.   F is now satisfied to be living a stereotypically male life:  he owns a house,  he has three female sexual partners simultaneously,  he is an aggressive and successful businessman,  he is free and independent,  and he is perceived as a “strongman” by family and friends.

N.B.  The authors of this report suggest,  reasonably, I think, that this case argues against (but does not definitively disprove) the “prenatal androgen” theory of male homosexuality.

Can genotypic females also be made homosexual by a metabolic quirk of nature ?  The answer is yes,  but less uniformly so.   There are several medical conditions which cause hypertrophy (enlargement) and over activity of the adrenal glands.  One of these is Cushing's disease.  When this happens to a pregnant woman,  she can produce too many androgens,  which are secreted into the blood stream, and of course,  eventually travel through the umbilical cord to the fetus.  If the fetus is a genotypic female,  she will be masculinized,  but never completely so.  This is because even an over-productive maternal adrenal gland will secrete nowhere near the concentration of testosterone that the male fetus's gonads will.  For example, the daughter will be born with a very enlarged clitoris which may look more like a penis.  The female reproductive system is intact in these cases however.  So it is only logical that these androgenized females are usually treated with feminizing surgery,  feminizing hormones, and are raised as girls.   However,  about half of them develop a very androgynous identity,  and as many are sexually attracted to women -though not as many opt for overt homosexuality Money et al, 1984).   Another condition which has similar effects is congenital adrenal hyperplasy.   This is an autosomal recessive condition.  In other words,  it is hereditary, affects both sexes,  and requires that both parents be carriers of the mutant gene.  The fetus develops an enlarged adrenal gland which secretes too many androgens.  You may wonder what happens to boys affected by maternal Cushing's disease or congenital adrenal hyperplasy (CAH).   In the first case, nothing much happens because the excess of androgens stops at birth.  In the second case,  when the condition is not well controlled,   the boy may develop precocious puberty and somewhat excessive secondary sexual characteristics.  Sexually,  these boys and men are normal.  It appears that there exists a mechanism whereby androgen receptors on cells reach a saturation point at which an increase in androgens produces no additional effect.   As for CAH women,  a higher than normal proportion of them have homosexual dispositions (Money et al, 1984).

A vignette on a case of congenital virilizing adrenal syndrome (CVAS)

In 1987, Money and Lewis published a detailed case report of a woman with CVAS.    At age two,  her clitoris measured 2.8 x 1.2 centimeters and comprised a well formed glans and prepuce.    CVAS was diagnosed and she was treated with hydrocortisone and had her clitoris reduced (as well as other cosmetic surgery of the external genital area).   She had a normal (though slightly underdeveloped) reproductive system and had normal puberty.  She was informed of her diagnosis and medical history.   She was a healthy, bright,  energetic,  tomboyish girl,  and had an excellent relation with her loving adoptive parents. She had an explicitly and exclusively female sexual identity and was even considered rather seductive.   She explored heterosexual and homosexual petting in adolescence,  but developed a clearly homosexual trajectory culminating in a stable homosexual relationship in adulthood.   She never underwent copulation and wished not to do so.   She had a clear and rather exclusive sexual attraction to females from puberty on.  She felt quite comfortable with her life as a lesbian.    She was only slightly regretful of not having children and had no plans to have children at age 31.   

During the forties and fifties some doctors tried to help women avoid miscarriage by treating them with synthetic hormones.  One of these synthetic hormones was diethylstilbestrol (DES),  another was synthetic progestin (another female hormone which plays a role in preparing the uterus to carry the embryo).   These drugs had the effect of masculinizing female fetuses.   DES-exposed male subjects appeared however to be slightly psychologically feminized and/or demasculinized.  The masculinization of DES-exposed females,  as in adrenal hyperplasia,  was never complete and was usually, in fact, far from complete.   These girls were generally treated in the same manner as those masculinized by adrenal hyperplasia,  as explained above.  Roughly the same proportion had homosexual ideation.  Research on the brains of these women -compared to non DES-exposed controls is very sparse.   One study found that ear advantages in dichotic listening differed quite significantly between two such groups,  with the DES-exposed women resembling the typical male profile of greater right ear differences.   Very recently, a group of 175 women who had been exposed to diethylstilbestrol prenatally were compared with 219 unexposed control subjects on four laterality indices: handedness, footedness, eyedness, and earedness. It was found that there was a higher incidence of left-handedness among the DES-exposed subjects than among the controls.   A recent report by Melissa Hines specifies that the effect of DES treatment producing left handedness seems to have occured when the treatment was given prior to nine weeks of gestation.  Findings with masculinizing progestin-treated fetuses and with feminizing progesterone-treated fetuses have been more subtle than those reported following DES treatment.   The body morphology is completely unaffected,  and the psychological make-up shows only subtle changes.  

There is no question that prenatal sex steroid exposure, especially testosterone, has something to do with brain development of heterosexuality and homosexuality.  Blood testosterone or estrogen levels in adult heterosexuals and homosexuals do not differ by much.  At most,  there seems to exist a sub-group of homosexual men with low testosterone (nothing extreme),  and a sub-group of lesbians with high testosterone (again not extreme).   In fact, most homosexuals have normal hormone levels.  Surgical or chemical castration in adults never changes the sexual orientation.   However,  a single injection of testosterone into a female rat fetus masculinizes her sexual behavior in adulthood.   Factors which reduce a pregnant woman's production of androgens,  such as protracted stress,  seem to result in more male progeny of homosexual orientation than the norm would dictate (the norm is about one in ten).   It is believed by a famous endocrinologist named Gunther Dörner (1978, 1988) that German men born of wartime mothers are more frequently homosexual than prior or later generations.   I have to say that this theory of maternal stress causing homosexuality is very controversial -and it is indeed very difficult to validate in humans.  Only recently have serious attempts been made to test this model in humans.   Bailey et al (1991) failed to find evidence in support of Dörner’s model  but  Ellis et al (1988) found supporting evidence,  for males only.  Melissa Hines and colleagues, on the other hand, found no effect of maternal stress on sexual orientation of boys,  but it did find that girls were slightly masculinized.  This finding does not fit with Dörner’s postulated testosterone mechanism.  Nevertheless,  it has repeatedly been found that male rats born of experimentally stressed mothers manifest significantly more sexual mounting of other males than do the control group,  and the low testosterone production levels of these stressed rat mothers was documented as well.   As I explain in chapter 4,  maternal stress during pregnancy demasculinizes several of the sexually dimorphic brain nuclei in rats.   Furthermore direct fetal stress via alcohol consumption of the pregnant mother reduces male rat fetal testosterone and also demasculinizes the development of sexually dimorphic brain nuclei.   This predicts that human males with fetal alcohol syndrome could be more at risk for homosexuality,  an eventuality which has not yet been investigated as far as I could tell.  However, more telling findings have accrued from research on exposure to pregnant mammals to opiates (ex: heroin).   Maternal consumption of opiates during pregnancy reduces male fetal testosterone,  and  demasculinizes the development of the dimorphic brain nuclei in rats.   In addition,  boys born of mothers addicted to opiates during pregnancy have been found in three separate studies to be more feminine than controls on psychological tests. Whether these boys are more at risk for homosexuality remains a matter of conjecture at present.   Also concordant with Dörner’s proposed mechanism of fetal testosterone deficiency as a vector of male homosexuality is the fact that there are significantly more homosexual men among last born children (whose mothers secrete less testosterone) than among first born children (Blanchard et al, 1995, Zucker et al, 1994).  This finding has been often replicated and is well established.  Several attempts to find this relation in lesbians have all failed (Gundlach, 1977; Perkins, 1978; Hare & Moran, 1979).   Women produce less and less testosterone as they get older,  and as they bear more children,  but the testosterone factor seems to affect only the male sex.  Unfortunately,  the story is a bit more complex than just that.  Ray Blanchard recently (1997) reviewed the birth order effect in homosexuals and found that the birth order effect is present even when maternal age is statistically controlled.  Furthermore,  it remains substantial, also when the birth interval is statistically contolled,  such that it  appears implausible to argue for a simple explanation of the birth order effect in homosexuality coming from low maternal testosterone. Finally,  Ray’s most recent work establishes that this birth order effet  is significant only for male siblings.   In other words,  the number of previously born sisters is of no import in risk for homosexuality,   only the number of previously born brothers. Intriguingly,  Blanchard’s reflexions led him to adopt an immunological explanation.  He believes that the mother’s antibodies to her male fetus’s testosterone affect his prenatal brain development -causing the homosexuality.  Here, as elsewhere,  the evidence suggests that female species-specific sexual orientation is more robust.   It could be that the neural developmental cascade determining sexual orientation somehow antedates the development of the fetal gonad. There are many types of underdevelopment of the testicles.   But regardless of the type of hypogonadism,  hypogonadal males are no more often homosexual than males with gonads.    So,  what may be critical in the determination sexual orientation of males,  as Dörner proposes,  may indeed be maternal hormonal androgenization rather than self-androgenization by one’s own hormones.    One thing that must be noted though,  about hypoganadism (ex: Klinefelter’s and Turner’s syndrome,  as well as other forms) is that the sex drive is typically rather low.   The maternal testosterone factor in homosexuality lends itself to a number of research questions which would make for fine PhD theses:  1)  does heroin or alcohol consumption deplete testosterone in pregnant women,  and do these women have more homosexual male offspring than normal ?,  2)  do fraternal and/or identical male twins receive reduced maternal testosterone,  and are they more frequently homosexual than non twin progeny ?  3)  are mothers who give up their babies for adoption more stressed,  are they testosterone depleted,  and do their male offspring become more often homosexual ?   4)  are mothers with naturally or disease-related testosterone insufficiency during pregnancy more likely to have male offspring who become homosexual ?  

Testosterone cannot directly determine sexual orientation, of course.  Testosterone is just a stupid hormone.  Sexual orientation comes from the activity of neurons in the brain.   The reader might recall my having mentioned that testosterone is a dopamine agonist and that estrogen is a serotonin agonist.   It has been found recently that the female adult rat can be masculinized in her sexual behavior by a dopamine agonist or by a serotonin antagonist.  Furthermore, a male rat can be partially feminized in its sexual behavior by castration just after birth.  Now the sexual brain machinery of a rat is far more simple and stereotyped than is that of a human,  and I doubt very much that manipulations of serotonin or dopamine would have a similar effect in  humans.   Nevertheless,  this piece of evidence fits in nicely with the rest of the neurobiological explorations of gender differences we have made in this book,  and it points in the general direction of the future:   we need to build a neurophysiology of sexual orientation and of sexual identity.  

Sexual identity and sexual orientation are more fragile in the male sex.    About 8 to 10% of the population is gay or bisexual.  About 79% of male gays are exclusively homosexual and 21% are bisexual.  About 88% of lesbians are exclusively homosexual and 12% are bisexual.  The American Psychiatric Association declared long ago that homosexuality is not a disease.  This is a position that I agree with  -simply because it is possible for homosexuals to have a perfectly healthy life from the medical point of view.    However,  I do not agree that any sexual preference is healthy or normal.   Rape, extreme sadomasochism, exploitative paedophilia,  gross compulsive illegal exhibitionism or voyeurism, compulsive and exclusivistic paraphilias such as bestialistic preference, fetishistic preference, etc., are not healthy.  Sexual obsessiveness or compulsiveness (ex: satyrism or nymphomania) are also rather unhealthy. And even though there is some hope for operated (sex-changed) transsexuals for a serene life,  there is not much.  After all,  a fully transsexual individual can only hope to achieve satisfaction with a major surgery and life-long hormone therapy.  And even this difficult adaptation does not always result in success.  So what is my point ?  My point is that men are much more at risk (around four times as much overall) for all the sexual “deviations” I have mentioned above than are women.   Biologically,  the basic prototype of the human species is female.  It is by addition of the male gonad during fetal life that the male sex comes to be.  Short of this,  the genotypic male basically never departs from the female developmental trajectory.  One does not need  a female gonad to develop a female body, a female sexual identity and a female-typical sexual orientation.  This is the case of people who have the full Turner syndrome (only one X chromosome):  their gonads are only thin shreds of tissue making these women completely sterile and requiring that they be treated with feminizing hormones.

Paraphilia (sexual deviation) is so much more common in men that sexologists have dismissed its existence in the female sex.   However,  paraphilia seems to be on the increase in the female sex,  and this suggests that such behavior is not entirely biologically determined.  Take paedophilia for example. A new unit to treat female paedophiles in the U.S. prison service is to open its first treatment programme for female paedophiles following research which shows an increase in the number of women abusing children. The problem was highlighted by a study of 836 victims of female sexual abusers, which showed that in more than 70 per cent of cases the women acted alone  Previously it had been thought almost all women involved in child sex abuse were acting under the influence of a male partner. A Home Office spokeswoman said: "This rise is partly due to the changing climate and more children feeling able to come forward about these sorts of crimes." There are 20 women in prison for the sexual abuse of children in the U.S.. Figures show 38 women were prosecuted in the U.S. for such offences in 1996, although it is believed many cases are dropped because of awidespread reluctance to accept that such crimes occur.  In July an English teacher, Lucy Hayward, 30, was jailed for two years after sex with a 15-year-old boy she had invited to her house and "plied with drugs". Tina Purser, a nurse, was given two years' probation in 1996 after admitting she had sex with a boy of 12 when she was 26. Purser, who plied him with sweets and money, pursued the affair for two years. The family of the boy claimed he had been "raped of his innocence". But most cases of female sex abuse never come to court. Michelle Elliott, of the charity Kidscape, which did the research, said many attackers were mothers, step-mothers and grandmothers. "Because of this the victims are some of the most damaged people that I have ever seen. They experience lifelong difficulties with relationships." It was almost unheard of for children to be snatched off the street by a female abuser and most stranger attacks were usually by baby-sitters or teachers. About 70 per cent of male sex offenders were abused as children, research has shown, although the majority of those abused do not go on to abuse children themselves.  Four different studies have placed the proportion of female paedophiles who abused at between 50 and 100 per cent.

Is anything known about possible brain abnormalities underlying paraphilias ?    Apparently,   neurotransmitter disturbances might be involved.   In a recent review article Martin Kafka made a case for involvement of the monoamine class of neurotransmitters,  particularly serotonin.    Some of Kafka’s arguments are the following:  1)   depleting brain serotonin in rats causes them to exhibit « compulsive » sexual behavior;  2) the sexual behavior of castrated male rats can be restored with a combination of low-dose testosterone and a serotonion-reducing drug,  while low doses of testosterone alone fail to restore sexual activity;  3)  yohimbine idozoxan, a drug that enhances norepinephrine’s activity,  facilitates the sexual behavior of rats,  while drugs that reduce norepinephrine’s activity have the opposite effect;  4)  drugs that blockade dopamine receptors can abolish all sexual behavior in male rats,  while drugs that increase dopamine’s effects enhance copulatory behavior in male rats;  5)  the drug prozac,  a serotonin agonist,   is known to reduce sexual desire and to impair copulatory function in the human male;  6)  antidopaminergics such as neuroleptic (antipsychotic) medication decrease sexual function while dopamine agonists, such as the Parkinson’s disease medication L-DOPA,  increase sexual function;   7) several technically sophisticated investigations of the efficacy of monoamine-based treatment of paraphilias have started to show very promising results.

Are there any sexual “ deviations ” which affect women more than men ?  Sexual anhedonia (absence of sexual pleasure,  and of orgasm in particular) is more frequent in women,  as are pain during copulation  and severe lack of sexual desire.    

The inheritance of homosexuality.  Homosexuality is highly hereditary  -in men (see Turner, 1995, and Byne et Parsons, 1993, for critical reviews).   Monozygotic (identical) twins,  who share 100% of their genes,  are much more often concordant for male homosexuality (about 52% concordance) than are dizygotic (fraternal) twins (about 22% concordance) who share only 50% of their genes,  yet both types of twins share practically the same environment in both cases (same family, same upbringing, same school, same food, etc.). Siblings (brothers born separately) have a concordance rate of about 10%.   The heritability of homosexuality seems to be less strong for the female gender.  One investigation sudied 6 pairs of monozygotic twins (aged 25-48 years; 8 females, 4 males) in which at least 1 member of 5 pairs was homosexual and 1 of the remaining pair was bisexual, from a series of 55 pairs, reared apart from infancy.  All the female pairs were discordant for homosexual behavior. It was concluded that this and other evidence suggest that female homosexuality may be an acquired trait. One male pair was concordant for homosexuality, while the other was not clearly concordant or discordant. However, one study described a set of 45-year-old identical female twins with a history of exclusive homosexuality. No mutuality was reported. Subjects revealed a normal karyotype number and 2 X chromosomes showing some variation in size.  Another study determined if there is a genetic contribution to female sexual orientation by studying lesbian or bisexual adult women with either female cotwins or adoptive or genetically unrelated sisters. 115 probands with female twins and 32 probands with adoptive sisters were interviewed. Of the final subsample, 34 of 71 monozygotic cotwins were either homosexual or bisexual compared with 6 of the 37 dizygotic cotwins and 2 of the 35 adoptive sisters. Twin probands reported 73 nontwin biological sisters about whose sexual orientation they were at least virtually certain. Of these, 10 were thought to be homosexual or bisexual. Heritability remained significant and appreciable.  So, hereditary factors could play a role in lesbianism in some cases,  but certainly to a smaller extent than in male homosexuality.  Furthermore,  the last study suggests that female homosexuality could be higher in twins (mono or dizygotic) in general than in non twins.   This might suggest a uterine hormonal factor:  maybe twins share limited amounts of sex hormones in the womb. Unfortunately, much less is known about the genetics of lesbianism than of male homosexuality.  The molecular biology of hereditary transmission of homosexuality is only in the starting stage.   One research team, led by Dean Hamer (1993), reported that a DNA sequence located on the long arm of the X chromosome (Xq28) seemed to be responsible for male homosexuality in a set of 40 brothers both of whom were homosexual.  The particular sequence observed was present in 67% of these brothers,  a rate much higher than is observed in non-homosexuals.  The same authors have now successfully replicated this finding  -thus making the truth of the finding seem much more plausible.   A priori, the proposed mechanism of transmission (X-linked) seems very plausible for three reasons:  1) it explains how it could be that homosexuality would be as prevalent as it is (10% of the male population) over the ages,  since such a mutation can be transmitted by two heterosexual parents;  2) it explains why men are four times more likely to be homosexual than women;  3) it helps explain why lesbianism and male homosexuality seem to be so different.   However,  much more research of this sort needs to be done.  

Neuropsychological study of homosexuals.   In my opinion, there are indeed brain differences between homosexual men and heterosexual men,  and I would go so far as to say that some of these differences are probably direct and sufficient causes of homosexuality.  This does not mean, of course, that there do not exist purely culturally determined trajectories toward homosexuality.  Biologically determination of homosexuality or heterosexuality consists of long cascades of events starting during the second trimester of fetal life.    Along the way,  before birth,  the brain either gets masculinized, or remains feminized.  In most people,  the brain gets completely masculinized before birth or remains feminine.  Milton Diamond reported a case who was accidentally castrated during circumcision at age 7 mo. The decision was then made at age 17 months to rear the adolescent as a girl. While many researchers at the time insisted that this case proved that sex differences were not genetic, the author maintained that there exist different male and female nervous systems. In fact, the adolescent showed great ambivalence about her sexuality and her adjustment as a woman, thus supporting the author's original contention.  A case reported recently in a medical journal brings support to this point of view.  A male newborn in the United States was a victim 15 years ago of a surgical error.   His penis was accidentally severed. The medical staff and parents secretly opted for raising the child as a girl.   She received corrective surgery and the requisite hormonal treatment.   She was not informed of this and thought she was a girl.  Among several interesting anecdotes reported by the authors of the scientific article, the following is particularly intriguing:  she had always insisted on urinating standing up  [this could well be an artifact:  in most human cultures throughout history,  it seems that the two sexes have urinated in the same manner,  standing, squatting, or on all fours !  Unbelievable as this may seem to westerners such as myself,  data to this effect has been presented by Frank Beach in a chapter he published in 1987.  At age fourteen,  her parents explained to her what had happened.  She immediately insisted on becoming a boy  (undergoing a sex change operation) because,  as she stated,  she had long since felt like one.   This interesting case has been reported in a scientific journal,  but several readers may prefer to look up a popularized account in one of the early 1997 issues of Time Magazine.   A second similar case has just recently been reported by Bradley and colleagues.   At seven months, a boy’s circumcision went wrong,  the penis and testicles were removed,  and the boy raised as a girl.  As an adult this person developed a bisexual identity and a bisexual orientation.

In about 12% of the male population the brain has been incompletely masculinized (homosexuality, transsexualism).   Now before I review what is known about the brains of homosexuals,  I must give two caveats.  First, few research neuropsychologists interested in sexual orientation have actually distinguished sexual orientation and sexual identity.   This has been a most unfortunate oversight.  It turns out that neuropsychologically speaking,  the two conditions seem quite different.   Much of what I will have to say about homosexuals' brains is unfortunately based on studies which included as subjects unoperated transsexuals as well as homosexuals and bisexuals -without having made any attempt to distinguish them.  Second,  most of the neuropsychological and neurobiological research on homosexuality has been done on men.   I suspect this has been so because male homosexuality is more prevalent, and thus subjects are easier to recruit.  Also,  perhaps, the proportion of gay men who are willing to disclose their sexual orientation could be higher than is the case for lesbians,  although I don’t think this is very likely.  Finally,  research on homosexuality often fits into larger research protocols on the AIDS virus,  a virus which up until now has threatened gays more than lesbians.  

There have been several studies of handedness and sexual orientation.   Initial findings of more left handedness in gay men (Lindesay, 1987) have not been replicated (Satz, Miller, Selnes et Van-Gorp, 1991),  -even though the finding has indeed been extended to lesbians (McCormick, Witelson et Kingstone, 1990).  The latter finding is particularly surprising and should certainly be replicated.  A particularly well designed recent study found that male-to-female transsexuals are more often left handed,  but not homosexual men without gender dysphoria (transsexualism). Ellis and Peckham  (1991) found that male but not female offspring of stressed mothers were more often left handed  -a finding that fits with the Dörner model as well as Lindesay’s finding.  One research team has also found that masculinized congenital hyperplasia girls are slightly more often left handed than their endocrinologically normal sisters.   One intriguing recent finding, by Jeff Hall and Doreen Kimura (1993), is of a special asymmetry of finger prints in homosexual men, suggesting that there are very early prenatal factors in the determination of homosexuality,  since finger ridges appear early in fetal life.   This isolated finding was not given too much credence until replicated. The Feb 8 issue of the Sunday Times (of London) carried an article describing a new fingerprint study, this time by Richard Green.  The study seems to precisely replicate,  but this time with a gigantic sample of 300 homosexual men, the earlier study by Hall and Kimura. As with the earlier study, there is unfortunately no comparison of lesbians versus heterosexual women.   

There has been a flurry of studies designed to determine whether homosexual men have cognitive profiles suggestive of atypical cortical asymmetry and hemispheric specialization.  The results are quite mixed,  but overall they suggest that male homosexual cognitive profiles are not organized exactly like those of male heterosexuals. McCormick and Witelson (1991) and Hall and Kimura (1995) found that homosexual men have a cognitive profile resembling normal women (high verbal fluency,  low visuospatial skill) –but there were no differences between homosexuals and heterosexuals on dichotic listening nor in prevalence of sinistrality in the first of these studies.  So if anything,  male homosexual brain organization (responsible for cognitive operations) tends slightly in the direction of that of normal women.  Dr Wegesin at Columbia University, College of Physicians and Surgeons, recently  reported results confirming this general trend.  Heterosexual (HT) women, HT men, lesbians, and gay men (20 per group) completed a lexical-decision/semantic monitoring task (LD/SM) to assess verbal ability  (these tests are better performed by normal heterosexual women than normal heterosexual men), as well as a Water Level Task (WLT) and two Mental Rotation (MR) Tasks designed to assess spatial ability (these tasks are better performed by normal heterosexual men than normal heterosexual women). Results replicated previously reported sex differences between the HT men and women. Further, gay men performed akin to HT women on the verbal task and the MR tasks, but not in the WLT. Lesbians, however, primarily performed in a sex-typical manner.  I suspect though that much, or even most of this small effect actually came from the transsexuals in those samples.   As for such research on lesbians,  I am aware only of one such study which found that lesbians had a more female-like cognitive profile than a male-like one !   They found that the lesbians performed more poorly than heterosexual women on a water jar test of spatial ability (the test requires that the orientation of the water line be recognized as parallel or not to the ground line). Hines and Shipley (1984) found that women exposed in utero to diethylstilbestrol (DES) did however present a masculinized profile of dichotic listening.  Recall that prevalence of lesbianism is higher in these women than in normal controls.  
Direct studies of homosexual brains.  Handedness, finger prints,  and cognitive profiles give us interesting clues about brain organization,  but they only indirectly and weakly support such inferences.  It is, of course,  more difficult to collect the more direct types of relevant information.  One has to pass ethics committees in hospitals to recruit homosexuals and heterosexuals and subject them to magnetic resonance imaging, a procedure which is very expensive.  Unfortunately, the advent of the AIDS virus,  which is now known to often spread to the brain and create pea-sized multiple lesions,  certainly helped to make such research possible,  and has led to some interesting findings.  In addition,  a few very persevering pathologists have been able to collect brains of dead people,  known to have been hetero or homosexual,  to carry out systematic post-mortem examinations,  also leading to interesting results.   Unfortunately though,  this research has,  at the time I put these words to print,  been carried out nearly exclusively on the male sex,  and again the distinction between sexual identity and sexual orientation has usually not been made.    One openly gay neuroscientist named Simon LeVay (1993) found that one of the four interstitial nuclei of the anterior hypothalamus was two to three times smaller in homosexual men and heterosexual women than in heterosexual men,  a finding that had previously been reported by an independent research group (Allen & Gorski, 1991).  Swaab and Hofman (1988) found that the suprachiasmatic nucleus of the hypothalamus was larger in homosexual than heterosexual men.     One research team found that another interstitial nucleus of the hypothalamus is larger in male homosexuals than in male heterosexuals. There is a commissure in the brain linking the two frontal lobes called the anterior commissure.  This structure,  composed of neuron fibers,  has been reported to be larger in male homosexuals and women than in heterosexual men (Allen & Gorski, 1992). Indeed, there is no reason why male homosexual or female brain structures should always be smaller than men's.     The latter type of finding may be particularly important.   It is to be expected that brain systems related to reproductive function could be sex-dimorphic.   So it is not surprising to find several such sex differences in the hypothalamic area.    However,  the anterior commissure has nothing to do, as far as we know,  with the reproductive function.    Sexual identity was not mentioned in any of the reports I have just mentioned,  only sexual orientation.   So this research will need to be replicated with more stringent methodology.   

Enterprising German neurosurgeons lesioned the right hypothalamic ventromedial nucleus of 23 persons,  most of whom were homosexual men.     They claimed to have obtained reversal of sexual orientation in a number of cases.   This procedure raised great controversy in Germany and has now been halted.  As we have just seen, the brain nuclei recently found to be larger in homosexual men than in heterosexual men are the suprachiasmatic and certain interstitial nuclei of the hypothalamus,  not the ventromedial.    So it is not absolutely clear why surgeons would want to destroy the ventromedial nucleus to «reverse» homosexuality rather than the other two nuclei just mentioned  -unless their objective was to destroy a « feminine » nucleus known to be involved in the female sexual response.  

Are male and female homosexuality different conditions ?   We have seen that  homosexuality is far less frequent in women than in men.  Maternal stress favors male homosexuality but not female homosexuality.  Last born males are more at risk for homosexuality but not last born females.  Drugs during pregnancy increase the male offspring’s risk for homosexuality but not the female offspring’s risk.  Lesbianism is also less heritable.  It might not be mere coincidence that heritability of men’s libido (using mono versus dizygotic twin concordance comparisons) has been found to be 60% heritable whereas women’s libido has been found to be only 50% heritable.  Of course,  opportunity for sexual activity (or lack of it) conditions sexual practices.  One study investigated 95 prisoners from a Massachusetts women's prison: 26 were self-reported homosexuals, 42 were considered homosexuals by prison staff, and 27 were nonhomosexuals.  Another study investigated 376 female inmates in a southern American state women's prison. Based on a survey by 11 staff members and 1 inmate, 52% of the prison population was homosexual and 48% was nonhomosexual.  A survey of 330 male inmates and 500 correctional officers of federal prisons regarding the incidence of homosexual activity and inmate sexual aggression found that, in comparison with free males, prisoners had slightly more homosexual experience overall and substantially more adult homosexual experience. Twelve percent of prisoners had participated in homosexual activity in their current institution. Twenty-nine percent of federal inmates had been propositioned in their institutions.  Another study investigated 452 prison inmates in Zambia. Thirty eight participants reported anal penetration.  A third study investigated 363 incarcerated juvenile male offenders: 11% had engaged in homosexual activity.   In short, though male homosexuality is four times more prevalent than lesbianism in non-incarcerated people,  homosexual activity is more prevalent in incarcerated women than men.   The neuroanatomy,  as indicated by in vivo (live) brain imaging,  or post-mortem studies,  of male homosexuality is much better known than of lesbianism,  but whatever indirect evidence we have generally points in the direction of a difference between male and female homosexuality.  The proportion of lesbians who are transsexuals is much lower than the proportion observed among gay men.  There is another point which is germane to this issue.   Very few homosexual men hate or are repulsed by women (gynophobia).  The proportion of lesbians who hate men or are repulsed by them (androphobia) is much higher,  though most lesbians probably don't hate men.  This could be explained by cultural factors.  One study reported that about sixteen percent of lesbians had been raped by men,  whereas six percent of heterosexual women had suffered the same insult.   Perhaps a substantial proportion (say, around 10%) of lesbians develop a homosexual orientation because of mistreatment at the hands of men ?

What is transsexualism ?    The first level of expression of transsexualism is cross-dressing (transvestitism).  The second is hormone therapy.  The third is the sex-change operation.  Some authors call this condition "gender dysphoria".   Basically a transsexual man feels like a woman and wishes he could look like one and live like one.  The inverse, female-to-male transsexualism, also occurs,   less frequently.  I feel a bit uncomfortable with the term "gender dysphoria",  and yet recognize its utility as well.   The term literally means dissatisfaction with the sexual appearance of one's body.  So in fact, the term highlights the plight of transsexuals,  since the only full liberation available to them is major surgery and lifelong hormone treatment  -not to mention the necessity of rebuilding one's interpersonal life.   On the other hand,   some transsexuals have expressed extreme satisfaction after having "changed" their sex,  so that I find the term "gender dysphoria" a bit superficial since it does not necessarily apply.   Research on transsexuals (Doorn, Poortinga et Verschoor, 1994) has found that the condition manifests itself far earlier than does sexual orientation (homosexuality or heterosexuality).  Prevalence of transsexualism is estimated, based conservatively on surgical sex changes, at one case in 22,100 births (Bakker, Van-Kesteren, Gooren et Bezemer, 1993).   The same study determined that males are more often transsexual than females by a factor of 2.5. Most transsexuals identify themselves as such,  and can usually be so identified by others,  during the preschool years.  The relation between sexual identity and sexual orientation is not as simple as one would think.   One would expect that if a man feels like a woman inside,  then he will be attracted to men in a manner similar to the way women are  -especially if he undergoes the sex-change operation.   We would expect the inverse for transsexual women of course.   However,  one study (Devor, 1993) found that only about forty percent of operated transsexuals had more sexual relations with people of the opposite genotype and body phenotype!  However, as if this weren't complicated enough,  a sizable proportion of the sexual partners of transsexuals are homosexually oriented (see Dickey et Stephens, 1995).  Finally, it is not unusual for transsexuals to be sexual partners autres (Blanchard et Collins, 1993).   What I make of this is that with the uprooted life and ambiguous anatomy of transsexuals,  they often end up with sexual partners who have high tolerance for sexual ambiguity or atypicality and cultural disparity.   However it has clearly been documented that some transsexuals actually have a sexual identity of the opposite sex (by definition) and a homosexual orientation within this sexual identity.   One study documented, very explicitly, two cases of genotypic men, who felt and lived like women,  and were sexually attracted, very preferentially, to women.  The proportion of such cases is increasing with each survey,  such that the latest most credible surveys indicate that 50% of genotypically male tanssexuals are sexually attracted primarily to women.  This proves that there is a substantial difference between, and dissociability of,  sexual orientation and sexual identity. According to Ray Blanchard,  evidence indicates that bisexual, asexual, and heterosexual male gender dysphorics are similar to each other (the autogynephilia type), and dissimilar to homosexual male gender dysphorics (the androphilia type), with regard to a history of transvestic fetishism, degree of recalled childhood femininity, age at clinical presentation, extent of interpersonal heterosexual experience, and a history of erotic arousal in association with the thought of being a woman (for details, see Blanchard, 1985, 1988, 1989a, 1989b).  

I am saddened to have to say that very  little is known about the biological basis of transsexualism.  Surely the major difficulty preventing rapid advance of our neurobiological knowledge of transsexualism is the fact that it would be extremely difficult,  if not silly or just crude,  to try to develop an animal model of sexual identity.  There are of course a large array of sex-specific behaviors,  often very different from one species to the other,  but these are usually related to reproduction (territorial, parental, sexual behaviors).   At any rate,  the most interesting aspect of human transsexualism,  the subjective gender dysphoria,  cannot be estimated,  nor does it probably exist, in lower animals.

Is transsexualism hereditary ?    There have been only a few reports of single pairs of identical twins.  There are at this point as many discordant as concordant pairs,  but it is still too early to judge what this means.  One monozygotic pair was reported to be discordent for transsexualism  (Garden & Rothery, 1992) while another was found to be concordant (Hyde & Kenna, 1977). The study of the genetics of transsexualism is very difficult because of social opprobrium and also because transsexualism is a very rare condition.   About one person in every twenty-two thousand undergoes a sex-change operation in those countries where the operation is readily available.   This makes it very hard to recruit sizable cohorts of identical and fraternal twins for genetic studies.   One study investigated a large cohort of male-to-female transsexuals.   The researchers discretely asked family members to fill out a questionnaire.  The brothers of the transsexuals tended to be less often married or in common law heterosexual marriage or even to date women than normal controls (Blanchard & Sheridan, 1992).  This difference was statistically significant.  The authors of this study concluded that this suggested a hereditary basis for transsexualism.   Another idirect piece of evidence supporting the existence of a hereditary factor is the recent finding to the effect that male-to-female transsexuals have fewer maternal uncles (similar to one prior study of gay men).   Obviously,  it would be reasonable to start searching for a transsexualism gene on the X chromosome.

On the other hand,  environmental conditions may,  it seems,  suffice,  on occasion to produce transsexuality.   A few sections down,  I mention special child-rearing conditions which seem to contribute to the development of transsexualism.   Also,   transsexualism can even occur as a group phenomenon,  largely culturally determined.   The   hijra   (a signifying eunuch/transvestite in one of India’s languages), an institutionalized 3rd gender role in India, is neither male nor female but contains elements of both. As devotees of the Mother Goddess Bahuchara Mata, their sacred powers are contingent on their asexuality.  In reality, however, many   hijras   are prostitutes. This sexual activity undermines their culturally valued sacred role.

The neuropsychology of transsexualism.      I have stated at the beginning of this book that it is the prenatal hormone perfusion which is the more critical in establishing sexual identity and sexual orientation,  and probably most of the subtle psychological differences between the sexes as well.   One way to help figure out the extent to which sex differences can result from a secondary hormone bath, at adolescence or even later,  is the study of psychological, behavioral and neuropsychological differences between people before and after a sex change -which always includes hormone treatment as an adjunct.   It turns out,  not so surprisingly,  that one of the traits which depends on the hormones of adulthood is sexual desire.   Men who become phenotypic women report a decrease in libido and aggressiveness and women who become phenotypic men report an increase in libido and aggressiveness.  But more intriguingly,  there are more subtle traits which switch around as well,  traits which these people could not be aware of -even if they wanted to.    Some studies have found that the sex-change operation significantly redistributes the verbal and visuospatial aptitudes in the direction of the targeted sex, -even though the respondents are not aware that such sex differences exist (Van-Goozen et al, 1995).  One investigation comprised an evaluation of 22 individuals (mean age 25 years) seeking sex-change surgery and diagnosed as transsexual by a Gender Identity Research Team.  These persons underwent extensive neuropsychological and cognitive testing prior to surgery. On the Wechsler Adult Intelligence Scale, the subjects performed in congruence with their biologic sex rather than gender identity. In contrast, on a measure of conceptual styles, the subjects performed in congruence with their gender identity.   Recall that homosexual men tend to be last borns. And recall that all maternal steroïd hormones are in lesser supply  with each pregnancy.  Maternal supply of testosterone during gestation must perhaps be high enough (among other things) for normal sexual orientation to be implanted in her male fetus’s brain.    What then is the situation with transsexuals ? Homosexual male gender dysphorics (male transsexuals who prefer men as sexual partners)  have a later birth order: each older brother increases odds by 45% (similar to a prior study for gay men). Male heterosexual transsexuals have an opposite effect: each older brother decreases the odds! Regarding birth order, then, homosexual male gender dysphorics are more like homosexual men without gender dysphoria than they are to heterosexual male gender dysphorics. The situation is much less complicated for biological females with gender dysphoria, who are almost always attracted to biological females,  though the very small minority who are attracted to biological males have been much less well studied.  All of this supports the notion,  explained above,  according to which the maternal hormonal status (particularly testosterone) during pregnancy influences development of brain circuits responsible for sexual orientation in male offspring.  

To me, such findings are very important in constraining our neurobiological theories of sex differences.  My reading of the literature on the neurobiology of sex differences is that it is too dry,  not wet enough.   Let me explain.   Wet physiology is the physiology of fluids and chemicals in the body  -also known as pharmacology.   There are complex interactions between steroid hormones and neurotransmitters in the brain.   Some of these interactions are fixed before birth.  Some of these interactions have a structuring effect on brain development.  However,  some of these interactions continue to take place and to influence the mind and behavior throughout life.    I will try to make a case for this point of view in the upcoming section on the neuropsychology of the menstrual cycle.     Incidentally, you may be wondering what  “dry” physiology might be ?   It is electrophysiology.

Most studies of transsexuals do not compare the person to himself (or herself) before and after the sex-change operation.  It is important to understand that when the research design is not a pre-post operation design,  what is being studied is more likely to result from particularities of transsexuals' brains which were in fact prenatally determined and fixed.  One large scale study of transsexuals (Orlebeke et al, 1992) investigated handedness  -but not before and after any sex-change operation. A statistically significant incidence of left handedness was found.  In fact,  the transsexuals were twice more at risk for sinistrality (left handedness) than were the heterosexual controls.  Interestingly,  the largest handedness study in homosexuals that I am aware of,  carried out on 1,612 cases,  found an incidence of left handedness which was just barely statistically significant (Becker et al, 1992).  The authors of the study happened (to their credit) to mention that a proportion of their sample was also transsexual in addition to being homosexual,  and of course,  as is usually the case with these studies, all the subjects were men.  The higher incidence of sinistrality in transsexuals is a finding which has been recently replicated by several research teams.   It can therefore be considered quite robust.  Incidentally,  the latest of this string of studies has found that female-to-male transsexuals (not just the more commonly studied male-to-female transsexuals) are also significantly more often sinistral than either sex with the standard sexual identity.  Another interesting recent finding is that male-to-female transsexuals have finger ridge asymetry (of the right and left hand) which significantly differs form men with a normal sexual identity.   However,  female-to-male transsexuals do not differ from women with a normal sexual identity.  One study looked at dichotic listening in male-to-female operated transsexuals (Cohen & Forget, 1995).  It found that the profile of ear asymmetries was female-typical, that is, less asymmetric than observed in normal men.   Such findings could be explained just as easily in terms of interhemispheric communication as in terms of hemispheric specialization.  However,  the one brain imaging study that I am aware of which looked at the corpus callosum (the major commissure linking the two hemispheres of the brain) in transsexuals and controls found no difference at all (Emory et al, 1991).   On the other hand,  the sampling was a bit crude in that all subjects were right handed,  and sex differences in corpus callosum morphology are typically observed only when handedness variation is also taken into account.   

Studies of transsexual brains.   I am aware of only one post-mortem study of transsexuals (Zhou et al, 1995).  The study found that male-to-female transsexuals had a smaller central subdivision of the bed nucleus of the stria terminalis in transsexuals (as in normal women)  than in normal men.   The bed nucleus of the stria terminalis is a limbic structure located in the basal forebrain receiving projections from the amygdala -a structure localized in the tip of the temporal lobe which is important in the processing of emotions.    There is some potential for a neurobiological story in this finding.  Indeed it was casually reported in the writings of a well known neuropsychiatrist that several of his temporal epileptic patients were transsexuals (Blumer,  1987).   Finally,  the bed nucleus of the stria terminalis is a key neurobiological component of the immune response to stress.  I shall elaborate in the next chapter on remarkable sex differences in immune function.  Might there exist then a steroid-immune developmental interaction in the determination of sexual identity in the brain ?   As I have mentioned previously,  cellular androgen-insensitive men are in fact transsexuals.  However they are far from being gender dysphoric since they feel like,   and completely look like females.  However,  It would be insulting to rats to assume that androgen-insensitive rats are also transsexuals.  They are not.  I have explained previously that rats are very different neurosexual animals from humans.  They are more androgynous in sexual play.  The developmental trajectory of sexual differenciation of their brain is also quite different from humans.  There exists a strain of androgen-insensitive rats. And there have been a few neurobiological studies of these specimens. Androgen-insensitive (Tfm) male rats show masculine behaviors despite their feminine exteriors because they make plenty of androgen, have plenty of aromatase to convert the androgen to estrogen, and plenty of estrogen receptors to respond to the estrogen  (but note that this mechanism is far more important in rats than in humans).  The SDN-POA nucleus of the hypothalamus is masculine in Tfm male rats,  and Tfm male rats have masculine overall brain weights (i.e., slightly heavier than in females).   The only behavior that has been noted to be feminine in Tfm male rats is juvenile play.    Female fetuses inadvertently masculinized by synthetic steroid hormones to prevent miscarriage in the forties and fifties and androgen-exposed female fetuses in maternal Cushing's disease present a less dramatic example of endocrine-mediated switch-over of sexual identity.  Psychological evaluation of these cases as young girls and later as young women has revealed that though falling short of frank transsexualism,  they were somewhat androgynous.  In other words, a substantial proportion of them had a somewhat masculinized psychological make-up.  

A vignette on a case of transsexualism

Pierre Martel described a case of transsexualism in a 1974 issue of the Canadian Psychiatric Association Journal..    Claude P. was referred in relation to presence of gynecomastia and testicular atrophy.   He had been self-treating himself with the feminizing hormone stilbestrol.  Claude was an adult male-to-female transsexual who had achieved the 2nd degree:   transvestitism and hormonal feminization.    He desperately desired a sex change operation,  which the medical establishment had been steadfastly refusing him  -rendering him clinically depressed and provoking several suicide attempts.   He had a feminine appearance,  thin and delicate,  and feminine behavior (cigarette holding, leg crossing,  gesticulation, head position, etc.).   He could not remember when he had started feeling like a girl,  it had started too early.  There was no evidence of family dynamics conducive to gender dysphoria. He had always suffered ridicule because of his effeminate appearance.    Ostracism made him leave school in grade seven,  and he adopted a transvestite lifestyle in a large city.  He disdained homosexuals and lesbians and had a “ competitive ” attitude towards women.  In the doctor’s office a female receptionist laughed at him.  He angrily stated that she was “well built” but that “he” was a sexier looking female than she.  He fell in love with a man and developed a conjugal relationship with him,  fantasizing desperately to become pregnant from him.  He had a male karyotype (XY),  and no discernible medical condition.    He received a full sex change operation and was enchanted with the result,  including with regard to sexual activities.  After the operation,  she sought only vaginal sex,   rejecting sodomy and fellatio.    Waitressing and nude dancing were some of her occupations after her operation.

What is the relation between inversion of sexual orientation and inversion of sexual identity ?    Many homosexual men have feminine personality traits,  to varying extents.   There have been a number of studies showing that there can often be a substantial proportion of homosexual men displaying female-typical behavior.  Such behavior has been seen and quantified in vestimentation,  in attraction to, or repulsion by, fighting,  in  voice tone,  in interests (such as the fashion industry),  in body language, in childhood clinging behavior.   Some of these androgynous traits have even been observed in homosexual monkeys.  Let’s now look at the issue from another perspective.  What are the proportions of transsexuals who are genotypically homosexual versus heterosexual ?  One study reviewed 111 operated transsexuals.  There were  61 genotypically homosexual women, 36 genotypically homosexual men and 14 heterosexual men.   In short,  there is obviously a strong link between sexual identity and sexual orientation,  including in cases of inversion of one of these traits.  On the other hand,  there is also a sizeable dissociation.  Here again,  we find that male configurations are more variable than are those of females.  

We have seen that at the present very preliminary stage of neurobiological research into sexual orientation and identity,  different brain nuclei seem to have special characteristics in homosexuality and in transsexualism.  Only further research will show whether and when there is overlap in certain as of yet undiscovered neural particularities.    I expect that some overlap ought to be found.

In light of the position I have taken (above) on differences between male and female homosexuality,  I expected to find that lesbians would be less androgynous than gays.   Several studies have investigated this issue using the BEM Sex-Role Inventory.  Homosexuals in general,  whether lesbian or gay,  were more androgynous.   Findings of differences between lesbians and gays have not however been consistent at all.   I suspect that as we focus from sexual orientation to sexual identity, and finally to vaporous traits such as those measured on the BEM scale,  neurobiological influences become more and more removed.    Could it be that masculinity still holds enough status in western societies for male homosexuals to cling to it ?

Hermaphroditism in humans.    We saw in previous sections that a human genotypic male can be feminized by Androgen Insensitivity Syndrome (AIS).   We also saw that a genotypic female can be partly androgenized by Congenital Adrenal Virilization (CAV) syndrome -which can be endogenous (fetal) or maternal.     There is a third type of hermaphroditism.   Once in every 20,000 births,  a case of a feminized genotypic male without the AIS gene is born.   When this occurs,  there is usually a meiotic error comprising an excedentary fragment of the short arm of the X chromosome.     It was first observed that the more the superfetatory (extra) X segment is long,  the more feminized is the hermaphrodite.   In fact,  it is now apparent that the DSS gene (see chapter 1) is primarily responsible for this feminization,  though things are more complicated than just that.   Incidentally,  hermaphrodites prefer to be called “intersexed” than hermaphroditic,  as can be determined from internet web sites and correspondence in news group sites.
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Figure 8.   Until the ninth week after conception,  the human external genitalia are identical for the two sexes.   At nine weeks,  the shaft (future penis or future clitoris) comprises a urogenital cleft.     In females,  this shaft then regresses in size.  In males,  the urogenital cleft then migrates to the midline.    This illustration makes the point,  as clearly as a thousand words, I think,  that all humans share different male and female attributes at different times in their lives,  that there are strong hermaphroditic moments in the early developmental trajectory.   We are all “intersexed”,   to varying degrees.


Implications for parents of androgynous, hermaphroditic or transsexual children.   My readings in biopsychology,  among other things, have led me to hate anti-gay and anti-transsexual propaganda.    To me, blanket denunciation of homosexuality or transsexualism and promulgation of social repression of these lifestyles,  whether on the basis of religious motives or otherwise, is like proning punishment of mentally deficient people, redheads,  sick people,  geniuses,  and the like.   On the other hand,  I believe there is another form of hatred and alienation which can also be potentially harmful.   This consists of parental hatred of the biological sex of the progeny.  The typical such scenario is the single mother who has a boy but would have preferred a girl,  and raises the infant and child more in the manner of a girl than a boy.  I believe that such parental behavior would normally not suffice to transsexualize a child,    a biological predetermination toward transsexuality probably being necessary for this to occur.   On the other hand,  such boys,  provided with the usual male-oriented upbringing, could perhaps  in certain cases have evolved toward normal male identities and sexual orientations rather than transsexualism   -thus acceding to a simpler and more balanced and perhaps happier life (this remains to be proven).   In accordance with this,  Hore and colleagues,  and Stoller and Baker separately published case reports in 1973 in the Archives of Sexual Behavior   of two pairs of brothers from two families,  all having undergone sex-change operations after having been raised by single women who were believed to prefer females.   

I am afraid all of the above does not make it very clear what parents should do when they note an androgynous disposition in their young child.   First,  I think, they should consult physicians to explore the possibility of a medical condition or biological explanation.  Second,  they should consult expert sexologists specialized in these issues -at least so as to identify the options available to them regarding the appropriate decisions to make and parental style to adopt.  Third,  they should keep an open mind about sexual identity and sexual orientation,  and maintain unconditional positive regard towards their child.    Finally,   as is now being stated by self-help groups of hermaphrodites,  they should be very hesitant to authorize early surgical operations which remove all chance of orgasm  -before the consolidation of sexual identity and sexual orientation.
 

Chapter 7
Neuroendocrinology,  neuroimmunology and gender
The female sex has a more potent immune system.   There is an outstanding biological sex difference in humans, the basis of which derives from differences in steroid hormone function,  and which makes itself felt in virtually every aspect of immune function.    This sex difference is easy to summarize:  the human female has a stronger immune system than the human male.   We have already seen that the human male is more susceptible to infections of just about every sort. To judge this, it is important to be aware of numerous complex social variables:  there are, in numerous countries, biases against the female sex (clitoridectomy practiced under non-sterile surgical conditions for example, improper medical diagnosis and health care, etc.).  Women may be more exposed to childhood diseases due to closer contact with children.  Sex-specific behavior may place men at risk for infections (use of infected needles in drug addiction,  exposure to the AIDS virus through homosexual encounters,  weakening of the immune system through unhealthy lifestyle such as alcoholism and smoking,  etc.).   Studies of infection of the fetus by the mother helps circumvent most of these confounds.   For example, more male than female fetuses contract the AIDS virus from their mother's blood.  While girls are more at risk for a few infectious diseases (whooping cough, chickenpox, rubella),  boys are at greater risk for the vast majority of infections (infectious diarrhea, respiratory infection, enterobius vermicularis infection, otitis,  B-viral hepatitis, tuberculosis, etc.).   The male/female ratio for tuberculosis (an infectious disease) in 1969,  in the U.S.,  was 3:1.  

On the other hand, the human female is more susceptible to virtually every auto immune disease known to exist.  An auto immune disease consists of an excessive response of the immune system to one or several of one’s own body tissues.  This sex difference in overall immune function is very basic.  It is clearly manifest at the cellular level, most cellular immune parameters indicating greater immune vitality in the female sex.  

Student’s tribune:   Men’s and women’s immune systems are very different
The reader may recall my account,  in chapter 1, of an investigation by my student Alain St-Marseille.   His blood samples of 400 men and 400 women with brain disease differed significantly with respect to immune parameters.  He found that the sexes differed in immune parameters in a manner specific to each disease.  The diseases included brain hemorrhage, thrombotic infarct (obstruction of a vessel by stenosis or thinning of the blood passage), embolus (obstruction of a vessel by a clot), transient ischemia (temporary obstruction of a blood vessel), primary brain cancer, metastatic tumors in the brain,  and migraine. Using twenty-two standard blood parameters printed out by the Coulter machine, Alain was able to correctly classify 92% of his subjects into the appropriate sex.  Overall,  his interpretation of the sex-specific profiles was that the female sex has a stronger immune system.  For example, in Alain’s database,  as reported previously in normal subjects, women had higher neutrophil and platelet counts than men. Platelets are an important component, in blood, of the inflammatory response and neutrophils are a special type of immune cell very common in blood. 

Though prepubertal boys have more allergies (overactivity of the immune system not classified as auto immune disorders),  post-pubertal females are, in fact, three times more at risk for developing allergies.   Finally,  gender differences in immune function have become apparent from statistics pertaining to relative success rates of organ transplants from same-  versus opposite-sexed humans and rodents. Heart or lung transplants from women to men are rejected more than from men to men.   Bone marrow transplants from men to women are rejected more than from women to women.  Early transplant studies (done in the 1950s) using inbred mice  found that 100% of the female -> male skin grafts took, whereas none  of the male -> female skin grafts were successful.

In vitro studies (studies of body liquid or tissue samples in a dish) have shown that under varying conditions,  and depending on the types of tissues sampled,  adding estrogen to tissue samples increases the production of both T lymphocytes (immune cells of thymic origin) and B lymphocytes (immune cells of bone marrow origin).  The white cell (lymphocyte) count is highest in normal cycling women at ovulation,  indirectly suggesting,  again,  an immunofacilitatory role of estrogen which peaks at ovulation.  One study found that women tend to catch infections more during menstruation than around ovulation.   Finally,  estrogen may not be the only steroid hormone capable of modulating immune function.  Testosterone seems to produce the opposite effect:  it weakens the immune system.   For example,  men with an extra X chromosome,  known as bearers of Klinefelter’s syndrome (the XXY karyotype) frequently present with reduced testosterone levels and normal male levels of estrogen.  However,  the female hormones luteinizing hormone and follicle-stimulating hormone may be abnormally high relative to normal men in men with Klinefelter syndrome.  They are more at risk than normal men for auto immune diseases such as lupus,  Basedow’s disease, sclerodermia, Sjögren’s disease, and spondylarthritis.
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This case of Klinefelter’s syndrome (with confirmed XXY karyotype)  presents the eunuchnoid body morphology (gender ambiguity),  micropenis,  gynecomastia,  disproportionately long legs and  tallness.
 

 Steroid hormones indeed play a modulatory role in immunity and in auto immunity.  This is reflected in the fact that auto immune diseases are aggravated at the luteal phase of menstruation, or postpartum, or by the administration of additional estrogen.  The female prevalence of auto immune disease is a major cause of chronic pain -thus truly influencing the quality of life of many women.  It is a major source of medical complaints,  and explains the 40% higher rate of female consultation of doctors -at least in North America and Europe,  and probably everywhere that women have a life expectancy above fifty years.   The overarching sex difference in the immune system that I have just mentioned bears upon our prime concern in this book, sex differences in brain-behavior relations,  in three important ways.   First,  we have come to realize only in the last twenty years or so, that the immune system influences brain development,  including embryonic and fetal development.  So if there is a basic difference in the immune system before birth,  then this could have significant repercussions on the development of the brain and of behavior.   Second,  several of the auto immune diseases attack brain systems,  and are, thus, an issue for clinical neuropsychology, and for the neuropsychological study of sex differences.  Third,  to the extent that nothing influences behavior more than death (except birth),  the human male's weak immunity is an important risk factor for infection,  encephalopathy, and death.

Why would it be adaptive for mammals to have greater immunity in females than in males ?   An evolutionary explanation would have to be based on an analysis of the differences in life experience of the two sexes and of their distinct ecological niches.   Differences between the sexes which would seem relevant are the following:  1) a single female  typically gets penetrated by several potentially germ-carrying penises,  2) females bring the progeny to term in their womb,  an environment which could potentially be mobilized to protect the progeny from antigens and also from maternal diseases which could threaten the progeny she is carrying, 3)  gestating females could themselves be poisoned by their own offspring, who, after all, contain tissues which are new to the mothers' immune repertory,  but could also develop special forms of self-protection, 4) females are exposed to germs during parturition and must be particularly enhanced in their immune function at this time, and 5) females must feed the babies with their own milk which could be a potential carrier of diseases and toxins, life-threatening for the progeny, or of special antibodies handed down to the next generation.

The immune system and the development of the brain.   No doubt the major manner in which the immune system influences brain development is via those lymphocytes (immune cells) of the brain called glial cells.   Those glial cells which have the most unequivocal immune role to play in the brain are the tiniest ones, called microglia.  But of course,  we know now that the ramifications of the immune system in the brain are far more complex than just that.    The first person to attempt to formulate a general theory of how immune systems in the brain influence its development in a sex-specific manner was a Boston neurologist called Norman Geschwind. Geschwind's ideas on this topic were extremely speculative at the time when he first published them (1975) with an immunologist colleague named Behan and a neuropathologist named Galaburda.   He believed that because of the higher levels of circulating testosterone in the male fetus,  the human male has a weaker immune system than does the human female.  He was quite right about that,  but he mistakenly believed that the male sex was more at risk for auto immune disease.   He proposed that through mysterious effects on the trophic mechanisms of the immune system in the brain, mediated by thymic immunity, testosterone actually slows down prenatal development of the left hemisphere (but only for a while during prenatal development).   The thymus is a gland where numerous lymphocytes differentiate and become mature (other such sites include bone marrow and spleen).  This, he thought, has the effect of placing that hemisphere at risk for anomalous development,  leading to most of the male-prevalent neurological developmental disorders such as dyslexia, autism, and stuttering.   In a sense, Geschwind succeeded in popularizing the notion that the male sex may have a weaker left hemisphere than the female sex,  and a stronger right hemisphere.    This theory was all the more enticing in that it fit well with the emerging consensus to the effect that normal boys have slightly but significantly greater visuospatial skills,  whereas normal girls have slightly, and sometimes significantly greater verbal skills.  Geschwind was not in a position to identify the specific immune mechanisms involved in this proposed sex-specific developmental cascade.  He was, in a sense,  a few years ahead of his time.   It turns out that Geschwind's theory has now been, for all intents and purposes,  demolished by counter-evidence.  The saga of the Geschwind-Behan-Galaburda testosterone model represents one of the greatest misadventures in the history of behavioral neurology.  Thousands of research papers have been published, inspired by a theory that has finally been shown to be invalid,  a scientific adventure that cost many millions of dollars in futile research efforts.  If just for that,  it deserves closer scrutiny.

Geschwind and his colleagues believed that prenatal testosterone does the following things:  a) negatively influences development of the thymus which in turn negatively influences development of the immune system, producing more allergies and auto immune disorders in boys,  b) slows down and disrupts the development of the left hemisphere -leading to male preponderant traits such as left handedness, c) which in turn is associated with male-prevalent neurological developmental disorders such as dyslexia, stuttering, autism, hyperactivity,  d) and causes neural crest disorders,  leading to midline defects such as harelip,  etc. and to asymmetric hemispheric development.    This is an extreme simplification of the GBG model,  but it is enough for our purposes here.  

Now here is what I think is principally wrong with the GBG model.  1) The thymus is not more specifically weakened in utero in the male sex than are the other immune organs (bone marrow, spleen, lymph nodes). The other types of lymphocytes which are not thymo-dependent (B cells and others) are just as important with regard to sex differences.  2) The GBG model is right about the male sex having more infections,  but is wrong about the male sex having more auto immune diseases and the young boy more allergies (see chapter 7).  3) The left hemisphere of the human male is just as "developed" as the left hemisphere of the human female  -at all ages at which sex differences have been observed and replicated. Sex differences in brain anatomy cannot be expressed in terms of whole hemispheres as much as in terms of subcomponents of the hemispheres. 4) One of the most male prevalent neurodevelopmental disorders,  hyperactivity,  is at least as much a right as a left hemisphere syndrome,  -a finding which now forces us to refrain from statements to the effect of a general "weakness" of the left hemisphere in the male sex.  5) There is no histopathological or physiological evidence to date of more left than right hemisphere dysfunction in autism...  contrary to what Geschwind believed, despite the fact that language is particularly underdeveloped.  On the contrary,  it has become clear that male preponderance can be explained by the remarkably frequent occurrence of the fragile-X variant (see chapter 8 for more details on this syndrome). 6) Left handedness is related to most neurodevelopmental disorders only to the extent that could be explained by post-lesion shifting of handedness,  and left handedness is not related to any immune or auto immune parameter. 7) While the male sex is more at risk for a great many disorders (see chapter 5),  neural crest disorders (the neural crest develops into the neural tube and is the first stage of prenatal brain development) are not male-prevalent,  but rather clearly female-prevalent.  Besides,  the fetus's gonads do not start secreting testosterone,  and the fetal immune becomes functional, only after the neural crest stage of development is well over.   In fact the male fetus is slightly more at risk for just about every abnormality of neuronal development after the consolidation of the neural crest and neural tube.   

My reading of the literature relevant to the fascinating idea of immune modulation of prenatal brain development is that this promising domain is practically still virgin territory -even 20 years after the idea was so colorfully launched by Geschwind and his colleagues.    Two of the sex-dimorphic brain nuclei,  the amygdala and the bed nucleus of the stria terminalis (BNSTc) are known to be important regulators of immunity.  It is their substance-P neurotransmitter network which is both sexually dimorphic and immunoactive.  For example,  the BNST controls temperature during fever and is particularly interleukin-1 beta sensitive.  Interleukin-1 beta is an important immunosuppressant,  active in the brain.  Substance-P is very important in the perception of pain,  an inner experience which differs as a function of gender (see chapter 2).  The fascinating idea of immune modulation of prenatal brain development is a promising topic for future research.

What are auto immune diseases ?  An auto immune disease is a pathological attack of the body's immunity against one or several of its own tissues.   In simple words,  an auto immune disease is a self-destruction of one's own body.  Defense against foreign bodies is  important for survival.   People can be infected by four types of parasites,  mycotic (microscopic mushrooms such as in the typical vaginal infection), viral (Jacob-Creutzfeld's encephalitis is an example), bacteriological (as in certain of the more dangerous forms of meningitis) and protozoan (such as in malaria).   Let’s not even bother with actual animal species that can infest us as well.   In addition,  humans use the same complex network of body systems (the immune system, the blood-brain barrier) to prevent inanimate (non-living) substances from poisoning us, especially our favorite (or at least our most important) organ, the brain.  The importance of the brain is paid tribute to by the existence of a special network of cells which are specialized to block entry into the brain of all kinds of foreign and potentially harmful substances.  Of course,  most of these substances would be blood born.  Consequently,  it is at the junction of the tiny arterial vessels and the brain that we find the blood-brain barrier.  This barrier consists of special cells including glial cells (astrocytes) which filter out or block undesirable compounds.   In addition to this organ-specific barrier, several of the body's organs give birth to cells specialized in the war against these intruders,  the thymus, lymph nodes, bone marrow,  and spleen being the most important ones.   There are two main forms of defense against invaders (antigens),  humoral (liquids) and cellular (complete cells).   Immune cells are called lymphocytes.   It is these cells which, when out of control,  can actually attack either a specific tissue in an organ of the body,  or even several such tissues.   When such an attack is just a passing excessive irritating response to an antigen such as dog saliva, pollen or dust mites,  without permanent damage to the tissue exposed to the antigen,  then immunologists term the disorder an allergy.  The lymphocytes most involved in allergy are the IgE class.  These proliferate more and are more voracious in the human male child (not the adult).   Indeed, young boys are at higher risk for most allergies, but after adolescence women become more at risk than men.   However,  when lymphocytes attack one's own body tissue and destroy it,  then immunologists recognize the problem as an auto immune disease.  These auto immune diseases are caused by other types of lymphocytes.  Some auto immune diseases attack only one tissue rather selectively.  For example, multiple sclerosis involves a yellowing and hardening of the fatty white sheaths (myelin) enveloping neurons.  Some auto immune diseases affect numerous tissues in several organs of the body.  Behcet's disease causes oral and genital ulcerations and ocular keratitis (corneal inflammation), optic neuritis and uveitis (inflammation of the iris and choroid body of the eyeball).  The gastrointestinal, cardiovascular and central nervous systems, and joints and lungs are all under threat from this terrible disease.  Systemic lupus erythematosis is another multi-system auto immune disease. It was called lupus by a French doctor in the 19th century because the skin rash in this disease is so severe it resembles mauling by a wolf. It attacks and partially destroys skin, muscle, bone, kidneys, blood vessels, the heart, lungs, and the brain.  There used to exist a schism between immune pathology (infectiology) and auto immune pathology (rheumatology, etc.).   However,  it is now being claimed that many auto immune diseases,  though heavily hereditary,  may be triggered by specific infections,  which the body successfully combats.   Years later,  parts of the same immune system that saved the patients' life go haywire and turn against a specific tissue of the body, confusing it with a dangerous intruder.  Another interesting generality about auto immune disease is its capriciousness,  or the irregularity, heterogeneity, and waxing and waning of the symptoms.  I believe this is so because the delicate balance required of the immune system between killing every dangerous intruder and leaving one's own tissues intact,  varies from situation to situation.  For example,  immune demands change during childbearing and parturition,  during extreme stress, as a function of body temperature, etc.   Consequently,  the immune system relies on neural and endocrine signals to set its own balance.    These signals are variable and can be misinterpreted,  leading to apparent "capriciousness" of auto immune pathology.  

A vignette on a case with systemic lupus erythematosis (SLE)

In 1986,  Pollens published a clinical report of Mrs. C,   a 31 year-old woman with SLE.   Since the age of 21,  Mrs. C had been suffering from overwhelming fatigue,  severe photosensitivity        -developing into a painful rash in sunlight or fluorescent light,   severe pain resembling symptoms of arthritis,  and poor sleep.   She had received,  and then quit,  androgen steroid treatment causing her side effects including,  she said, hallucinations.    She was a tense, stoic, hard-working,  efficient mother and employee.    Psychotherapy was sought to help her learn to relax and some success was claimed to that end.

N.B.  In addition to the pathology described above,  common symptoms of SLE include  depression,  protein deposits in the kidneys leading to kidney failure,  psychosis (hallucinations and/or delusions),  cerebrovascular accidents (stroke), anemia,  carditis and cardiac arythmia (heart fluttering) and pleuritis (inflammation of the lungs). 

Women are more at risk for auto immune disease.  An exhaustive and systematic comparison of the prevalence of auto immune diseases for each sex, at different ages, has only recently been carried out.  One such careful analysis of 40 auto immune diseases led its authors to the following conclusion:  the human female is more at risk for most auto immune disorders,  at all ages,  except for certain auto immune nephropathies (diseases of the kidneys) which are clearly male-prevalent.   Crohn's disease (auto immune inflammation of the colon) may also be slightly more frequent in men.  Another notable generality is that the age of onset of virtually all auto immune diseases is pubertal or post-pubertal, very rarely pre-pubertal (except for Sydenham's chorea) and that the disparity of risk for the sexes increases with age until menopause.   Of course, this is because the second estrogen bath (puberty),  pregnancies,  and the estrogen peaks of the menstrual cycle all increase women's chances of developing auto immune symptoms.   The striking sex difference in the risk for auto immune disease is seen in the female-to-male prevalence ratios of the following auto immune diseases (see table 8).

Table 8   

Prevalence of auto immune disorders in women relative to men

	Auto immune disorder
	Tissue affected
	Female to male prevalence

	Sydenham's chorea
	Basal ganglia of the brain
	(2:1)

	Fibromyalgia
	Connective tissue
	(5:1)

	Systemic lupus erythematosis
	Blood vessels, skin and brain
	(12:1)

	Multiple sclerosis
	Myelin cells of the brain
	(3:1) 

	Graves disease
	Thyroid gland
	(7:1)

	Rheumatoid arthritis
	Joints
	(4:1)

	Myasthenia gravis
	Neuromuscular junction
	(3:1)

	Sjogren's disease
	Eye
	(9:1)

	Auto immune cholangitis
	Biliary duct
	(9:1) 


Auto immune diseases that attack the brain.   Auto immune diseases that attack brain tissue include multiple sclerosis,  disseminated erythematic lupus,  Sydenham's chorea, Behcet's disease, encephalomyelitis,  Lambert-Eaton myasthenia syndrome.  An auto immune form of Guillain-Barré syndrome has also been found,  and this syndrome comprises polyneuritis (inflammation of several neural tissues).  Multiple sclerosis is an inflammatory attack on myelin,  primarily in the part of the brain which surrounds the central cisterns and midline channels containing cerebrospinal fluid. Heavily affected patients can be incapacitated, incontinent, and demented.   Disseminated erythematic lupus affects the brain primarily via its vascularization,  occasionally severe enough to cause psychosis (delirium, hallucination),  mental retardation or epilepsy.  Sydenham's chorea is usually the end stage of a process starting with a bacterial (streptococcal) infection, followed by rheumatism,  followed by auto immune inflammation of neurons of the basal ganglia. The basal ganglia form a large aggregate of neurons responsible for primitive motor functions.  When they are diseased or destroyed,  motor symptoms typically occur.  Chorea is one of these motor problems consisting of involuntary uncontrollable jerky spasmodic movements. These symptoms resemble those of Huntington's and Wilson's diseases which are degenerative diseases of the basal ganglia. Behcet's disease has a variant that heavily attacks the central nervous system.  This form is called neuro-Behcet syndrome.  It comprises focal lesions (hemorrhage, inflammatory necrosis) distributed throughout the encephalon, the cerebellum and the brain stem.  The meninges (membranes around the brain) are also attacked. This inflammatory destruction is detectable by magnetic resonance imaging.   As in multiple sclerosis,  the abnormalities can disappear during remissions,  but if the disease has a declining course,  permanent irreversible brain damage occurs. Many patients with auto immune disease have mild forms which produce variable symptoms difficult to diagnose.  An auto immune form of encephalomyelitis is usually termed experimental allergic encephalomyelitis because it can be virally induced in animals.  However,  it is now believed that there exists a human form distinct from,  but similar to multiple sclerosis. T cells (lymphocytes born in the thymus) invade the brain and cause excessive coagulation of blood, and consequent breakdown of the blood-brain barrier, and excretion of proteins (lymphokines) which induce inflammation and demyelination (destruction of myelin).  This is what causes the neuropsychological deficits in these patients.  Lambert-Eaton myasthenia affects principally the neuromuscular junction,  but can produce tumors in the brain and lungs.  The main brain site of predilection for tumors and degeneration is the cerebellum.   Guillain-Barré syndrome is a post-viral disease presumed to be auto immune.   It mostly affects the peripheral nerves,  but can occasionally attack the central nervous system.  Its primary target is myelin (myelin in the peripheral nerves is composed of Schwann cells as distinguished from myelin in the central nervous system which is composed of oligodendrocytes).   

Because the brain is not just composed of ordinary interneurons, but also contains glands (the choroïd plexus which secretes the cerebrospinal fluid, the hypophysis and the pineal gland which secrete hormones) as well as many non-neural tissues (vascular, glial, bony, etc.), and  also reaches out into sensory receptors such as those located in the skin, joints and eyeball,  inflammations of all of these can also seriously affect the nervous system.  Several auto immune diseases affecting the brain or non-neural tissues will no doubt be discovered in the years to come.   The most likely candidates will be,  of course, diseases with a high female prevalence.  Idiopathic dyskinesia (a motor disorder comprising involuntary movements) is such a candidate which is currently being explored for signs of an auto immune etiology.


Chapter 8

Effects of too many or too few sex chromosomes and diseases and abnormal conditions due to the X chromosome

Congenital chromosomal aberrations. There are two basic types of abnormalities that are due to chromosomes, one hereditary and one non-hereditary that is nevertheless present from conception to death.   The second type consists of chromosomal aberrations.  Every cell of our body contains 23 chromosome pairs. However, parental chromosome pairs located in the germ cells (spermatozoa for men, ova for women) have to break up so that each parent will contribute one half of his or her genetic code to the offspring.  In men,  this break-up,  known as meiosis,  occurs during the life span of the sperm,  before it is ready to be ejaculated.  In women,  meiosis occurs just after the ovum is released from the ovary at ovulation.    When errors in meiosis occur,  the offspring has a chromosomal aberration.  If a chromosome is lost,  the offspring will have what is called a monosomy, i.e., will be missing a chromosome (as in Turner's syndrome).   If there is non-disjunction of a chromosome pair (if a pair stays fused),  the offspring will have what is called a trisomy -three copies of a chromosome instead of the usual two (such as in trisomy-21 or Down's syndrome).  There are also a huge number of less complete errors that can occur, involving partial deletions, duplications, disjunctions or conjunctions of pieces of chromosomes. The types of chromosomal accidents I have just mentioned are not the only ones which can affect a person.    When the sperm penetrates the ovum,  the genetic code from each must combine before the ovum starts dividing (mitosis) into cells which will eventually form tissues and organs.    This phase can also go wrong,  and the error can then also be duplicated indefinitely,  or variably each time a cell divides.   Errors in one or the other phase of meiosis are not under strong genetic control.  In other words,  they do not run much in families.  It is not because somebody has trisomy-21 for example,  that they are much more likely to have a chromosomally aberrant baby.  They are more at risk,  but by less than 1%, because there are subtle genetic (metabolic) factors that contribute to the risk.    Rarely,  a mutant gene can actually reliably cause chromosomal errors.  It has recently been found that this is the case for the fragile-X syndrome -a form of autism caused by breakage of one long arm of the X chromosome.   A gene known as fMRI  has the effect of splitting the X chromosome and breaking off one of its long arms.  That explains why the fragile-X syndrome runs in families more than most other chromosomal aberrations.  At any rate,  whether there is a hereditary component or not,  chromosomal aberrations are congenital disorders because they are present at birth,  and they are disorders of development.

A vignette on a case of fragile-X syndrome

In a 1992 book entitled The fragile-X child   Betty Schopmeyer and Fonda Lowe describe John,  a 7 year-old karyotype-confirmed fragile-X child.    John is a very clumsy child with several autistic traits.  He performs in the mentally deficient range. He is neophobic (has an aversion for any unusual stimulus).  He is self-stimulatory (smells things,  rocks himself), avoids eye contact,  and is extremely emotionally labile. His speech is cluttered, perseverative and impoverished. He is dysprosodic (expresses inappropriate inflexions).  He adopts strange postures.  He is interpersonally recluse.    He is variably hyperactive and has a very low attention span.  

N.B.   There exist a number of physiognomic signs characteristic of fragile-X syndrome,  not described in this particular case report.  These include macro-orchidism (large genitalia),  an elongated face,  large ears, hyper-extensible joints, arched palate, pectus excavatum (a concave chest), flat feet, myopia, mitral valve prolapse (a cardiac defect), dental malocclusion (improper alignment of the teeth), and dermal ridge (finger and hand print) anomaly.   Most of these markers are due to anomalies of development of conjunctive tissue.  
Sex differences in chromosomal disorders.  There are several aspects of chromosomal aberrations that have to do with sex differences.  One is that any chromosomal aberration of the X chromosome,  short of its entire deletion, will affect boys more than girls.  This is because, in girls, the other X chromosome can take over some of the functions lost,  or compensate some of the effects of abnormal emplacement of genetic material on one of the X chromosomes.   In boys,  the tiny Y chromosome is very different from the large X chromosome,  and is unable to compensate for misalignments, deletions, adjunctions or mutations of genetic material on the X chromosome.  The X chromosome is about as large as the 11th autosome -which by definition is the eleventh largest.  A human being can do without the Y chromosome (Turner syndrome) and live a peaceful fulfilling life, given minimal medical treatment.  However, the Y monosomy is not viable,  and this seems to be the case in all mammalian species.  In other words,  humans, like every mammalian species studied, cannot survive without at least one X chromosome.  Another intriguing sex difference is that one of the most frequent autosomal aberrations, trisomy-21, affects boys nearly twice as often as it does girls.   Theoretically,  this ought not occur.  The twenty-first chromosome pair is the same in men and women.    The failure in disjunction during parental meiosis responsible for the aberration must somehow have to do with a protective factor situated on the X chromosome or a pathological factor situated on the Y chromosome.  What little evidence we have seems to point in the direction of the second hypothesis (see the section on chromosomal aberrations in chapter 5).  Curiously, Edwards syndrome (trisomy 18) seems to affect the female sex more than the male sex:  male/female ratios of 1:3 have been reported in the literature. This shows how complicated genetics really is.   Genes situated at various sites on various chromosomes serve not only to produce changes in pieces of the body  but also to influence the activity,  and sometimes even the integrity of pieces of chromosomes that can be situated elsewhere on the chromosome,  or even on another chromosome!

The age effect  consisting of increasing risk of meiotic errors as a function of parental age  is very different depending on the sex of the parent.   Most of the age effect in question comes from the mother's age.    Since a female neonate is born with her ova,  when she in turn conceives,  she does so with ova that are as old as she.  The older these ova are,  the more they are susceptible to accidents,  because they have simply started deteriorating as have all other parts of the body.  Fathers are not born with the sperm used for procreation.  New sperm cells are born every day, more or less so depending on a man's sexual activity.   In principle then,  the father should contribute less risk from the aging factor. It has been estimated, depending on the investigation's method, that about 75 to 95% of the aging effect on chromosomal aberration comes from the mother and 5 to 25% from the father.  The paternal contribution to the aging component of risk for chromosomal aberration can be explained by the fact that meiosis does not occur in a vacuum.  It involves numerous cellular and molecular processes,  which even though the sperm may be young and fresh,  may cause meiotic accidents.   

Turner’s syndrome,  Klinefelter’s syndrome and cognition.   Turner’s syndrome and Klinefelter’s syndrome are both gonosomal aberrations involving the X chromosome.   In Turner’s syndrome,  there is only one X gonosome.  In Klinefelter’s syndrome,  there is a Y gonosome as well as at least two X chromosomes. A straightforward (and simplistic) gonosomal theory of sex differences in cognitive abilities would predict that Turner women should manifest a relatively more male-typical cognitive abilities profile than normal women (because they have a more male-typical gonosomal arrangement),  and that Klinefelter men should manifest a relatively more female-typical profile than normal men (because they have a more female-typical gonosomal arrangement).    For example,  Turner women would be predicted to have certain high visuospatial skills and certain low verbal skills,  and Klinefelter men would be expected to show the opposite pattern.    Well,  any such straightforward simplistic gonosomal model of sex differences in cognitive profile holds no water.    In fact,  the opposite of the prediction occurs:  Turner women have low visuospatial abilities,  whereas Klinefelter men have low verbal abilities.     

Obviously,  a higher level of complexity of neurobiological theorizing is called for here.   Such a model,  more sophisticated than the one outlined just above,  has been proposed by two developmental specialists named Charles Netley and Joanne Rovet.    These authors proposed that there is an effect of the X gonosome on the differential rate of prenatal maturation of the brain hemispheres.    A deletion of the X chromosome results in relative slowness of development of the right hemisphere,  whereas a superfetatory (extra) X gonosome results in a relative slowness of development of the left hemisphere.    There are a number of problems with this model.  It does not explain normal sex differences and even goes in the opposite direction. Furthermore it does not explain why XXX females usually have low-normal intelligence with no apparent difference in verbal and non-verbal abilities.  Finally,  all attempts to uncover a relative physiological or anatomical weakness of the right hemisphere in Turner women, or of the left hemisphere in Klinefelter men,  have failed.    

My own position on gonosomal contribution to sex-specific cognitive ability profiles is that such an effect seems to exist,  but has not yet been adequately explained.   As much as I would love to explain it myself,  I am unable to.  It is known that untreated Turner women have abnormally low sex hormones,  both androgens and the “female” sex hormones.  Nyborg found that the visuospatial deficit of Turner women is much reduced after estradiol treatment.   In these patients as in normals, part of the estradiol is aromatized (metabolically converted) into androgens.    And Nyborg believes that it is the new availability of androgens to the brain that results in the marked improvement of visuospatial skill following treatment.    As for Klinefelter patients,  the most frequently occurring hormonal imbalance consists of testosterone insufficiency.   Many Klinefelter patients have now received testosterone replacement therapy from an early age on.   There have been several reports of the long term effects of such replacement therapy.  Overall,  the results are favorable:   academic performance and personality seem to both benefit.  The effect is obtained even in cases where the replacement therapy is initiated after puberty.  In short,  it appears that  the specific cognitive deficits in these two gonosonal syndromes,  Turner’s and Klinefelter’s syndromes,   are primarily due to hormonal deficiencies occurring post-natally rather than to prenatal decelerations of development of one or the other brain hemisphere.
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Figure 10.   This is the typical appearance of a woman with Turner’s syndrome not receiving hormone replacement therapy.    The general body morphology is eunuchnoid (gender ambiguity),  stature is small, the chest is barrel-shaped,  the fingers and feet are pudgy,  the breasts are undeveloped,  the neck is wide and palmed  and the knees bend inwards.
 

Sex differences in hereditary disorders.  The other major type of chromosomal abnormality is the hereditary type.  One or several genes can be mutant on any chromosome.  When the disease-producing (pathogenic) gene is on any of the first 22 chromosome pairs,  the disorder is termed autosomal (having to do with the self).   When the mutant gene or group of genes is situated on one of the chromosomes of the 23rd pair (on the X or Y chromosome)  the mode of transmission is termed gonosomal (having to do with one's gender).   In a sense the term gonosomal is a misnomer because the X gonosome is responsible for many other things besides gender.   The Y chromosome, on the other hand, is not very important,  aside from the determination of maleness, and can be dispensed with entirely (Turner syndrome).   When the mutant gene is situated on chromosome X,  it will affect male offspring more than it does female offspring.    This is because the second X chromosome of females is able to inhibit the effect of the pathogenic gene.   An X-linked hereditary disease is transmitted from mother to son.  It usually affects all the daughters of an affected father, but it affects the daughters subclinically (below the threshold of diagnosis) more often than it does the sons.  Diseases which are X linked and well known include hemophilia,  daltonism,  Duchene's muscular dystrophy.   

X-linked disorders can affect girls.  The X chromosome contains genetic material which programs the synthesis of acids, proteins, enzymes, etc.   Such basic materials are necessary for the development and maintenance of numerous organs.  In a sense,  the X chromosome should not be called a gonosome because it is present in both sexes,  but it certainly does have sex-specific effects when it contains abnormal genes.   There are many dozens of developmental disorders that are caused by mutant genes on the X chromosome.  Some of them are even fatal.   Rett's syndrome is an example of this.  The disease kills the male fetus,  but not the female fetus.  In fact,  girls with Rett syndrome appear normal during the first few years of life.  Sadly,  the pathogenic gene operates like a time bomb.   At age two to five, typically,  the girl with Rett syndrome suffers developmental arrest and many heart wrenching abnormalities start to take away the quality of her life.   She develops a spastic muscle tone,  mental deficiency,  has difficulty swallowing and breathing,  is very irritable and sometimes quite aggressive,  and eventually dies.   

A vignette of a case with Rett’s syndrome

Rae Anne is a girl with Rett syndrome who is described on an internet site (http://www.voicenet.com/~4freedom/raeanne.html). At the age of 18 months, she began to lose the ability to use her hands purposefully, lost the couple of words that had developed and became antisocial with minimal or no interpersonal contact. Socially, she had improved somewhat at age 7, but otherwise her level of functioning is unchanged. The most severe handicap in Rett syndrome is apraxia, which means that the will to move is present but the child is unable to carry through the movement. She manifested several stereotypic movements most notably a pulling of lips in opposite directions, a compulsive bending over to touch the floor, and abnormal posturing of the hands with flexions and extensions. She also has an apraxic gait  (stiff-legged walk).  

N.B.  Other common symptoms in Rett’s syndrome include distressing respiratory disorders such as apnea (inspiratory paralysis) during waking and whistling breath,  problems of blood circulation, muscle atrophy,  dementia (massive degeneration of the brain leading to loss of all mental abilities), scoliosis (curved spine),  and hypotrophied (small) feet. 

There are several other disorders which affect girls more than boys:   Wildervanck syndrome (involving deformities of the spine, the eyes, the auditory system),  certain forms of the oral-facial-digital syndrome,  certain muscular diseases and certain diseases of the retina (pigmentosis).  Some of these are believed to be X-linked.   Finally, a few diseases,  which can have an X-linked hereditary cause affect females and males about equally:  osteodystrophy (bone malformation),  and apparently, manic-depressive psychosis.  The X-linked phenotype is believed to be a particularly severe form of manic depression characterized by early onset, high familial prevalence of the bipolar form, and high recurrence rate of major depression.  However, the major assumption underlying all X-linkage studies of bipolar disorder has been that a subgroup of manic-depressive illness follows an X-linked dominant mode of inheritance. Until recently, evaluation of the segregation patterns in the pedigrees that have been analyzed for X-linkage over the past 20 years, does not support this assumption, because the formal genetic criteria for an X-linked dominant mode of inheritance are virtually absent. Not a single pedigree had been ascertained in which the segregation pattern was suggestive of the assumed mode of inheritance. This is mainly because segregation ratios characteristic for X-linked dominant inheritance were not observed among the offspring of affected males.  A recent study reported a three-generation family manifesting a previously undescribed X-linked mental retardation syndrome. Four of the six moderately retarded males had episodes of manic-depressive psychosis. The phenotype also included pyramidal signs (ex: spasticity), Parkinsonian features (ex: trembling at rest), and macroorchidism (overdeveloped testicles), but there were no characteristic dysmorphic facial features.  These signs are reminiscent of fragile-X syndrome.  

X-linked disorders affecting only boys.   X-linked disorders,  so severe that they kill male fetuses and seriously affect only the surviving females, are rather rare.  The typical X-linked hereditary disease clinically affects boys and affects girls much more mildly  -to such a point that the disorder goes completely unnoticed.   There are many such disorders.   One of the saddest of these is Lesch-Nyhan syndrome.  A single recessive mutant gene causes a disorder of purine metabolism resulting in a severe mental deficiency and self-mutilation in the male infant.  The child chews his own lips and tears away at his own body tissues (eyes, fingers, legs) -probably as a reaction to the extreme pain experienced in those tissues. Life expectancy is only a few years,  due to kidney failure.   Hunter syndrome is another X-linked metabolic disorder which affects only boys. There is a deficit of a single enzyme necessary for the catalysis (breakdown) of complex carbohydrates causing accumulation of polysaccharides. These boys are also mentally deficient and have major deformities of the body (the general appearance has been termed gargoylism), cardiopathy, deafness, and low life expectancy (10-22 years).   Fragile-X syndrome,  of the hereditary type, is not directly caused by the mutant gene located on the X chromosome,  but by the effect of this gene on the integrity of the X chromosome.  It is relatively common (1/1700 births) making it the major known cause of hereditary mental deficiency.  The break-off of one long arm often results in a syndrome comprising many of the symptoms of autism.   The infant fails to socialize,  does not acquire language,  is often mentally deficient,  and manifests the usual bizarre behaviors of autism including neophobia (intolerance of anything new or surprising or upsetting),  self-stimulation (finger fanning, rocking, head banging),  strange movement disorders such as toe walking,  and so forth.   In addition,  the fragile-X variant of autism presents with a few markers that help the clinician pose a provisional diagnosis:   macroorchidism (a large genital apparatus) and a long face with large ears.  More subtle markers include hyperextensible finger joints,  arched palate, pectus excavatum (flat chest), flat feet, prolapse of the mitral valve (a cardiac defect), and dental malocclusion (misalignment of the teeth).    I have stated elsewhere in this book that the male sex is more at risk for mental deficiency,  and I have proposed that this seems explainable by X-linked brain disorders.    Indeed,  in addition to the syndromes I have just mentioned,  other X-linked brain disorders causing mental deficiency include the syndromes of Allan,  Atkin, Davis, FitzSimmons, Garéis, Golabi, Holmes, Juberg, Rénier, Lujan, Renpenning, Schimke, Seemanova,  Vasquez...   and there are many more.   The reader can look these up in any good medical dictionary.  

Genomic imprinting:  A revolution in conceptualisation of sex differences. Sexual imprinting of genes or portions of chromosomes is part of a more general phenomenon called "genomic imprinting."  Broadly speaking, it refers to reversible, differential expression of a gene or set of genes in an offspring individual according to whether the genes came from the mother or from the father.  It's a very widespread and normal process, with a large literature. Apparently the phenomenon was first discovered in insects. Genetic imprinting is defined as a reversible, differential marking of genes or chromosomes that is determined by the sex of the parent from whom the genetic material is inherited. Imprinting was first observed in insects where, in some species, most notably among the coccoids (scale insects and allies), the differential marking of paternally and maternally transmitted chromosome sets leads to inactivation or elimination of paternal chromosomes. Imprinting is also widespread in plants and mammals, in which paternally and maternally inherited alleles may be differentially expressed. Despite imprinting having been discovered in insects, clear examples of parental imprinting are scarce in the model insect species Drosophila melanogaster. There is however a case of imprint-mediated control of gene expression in Drosophila. The imprinted gene - the white+ eye-color gene - is expressed at a low level when transmitted by males, and at a high level when transmitted by females. Thus, in common with coccoids, Drosophila is capable of generating an imprint, and can respond to that imprint by silencing the paternal allele. Golic (1998) has recently published a fascinating review of this litterature.

One of the basic mechanisms of mammalian genomic imprinting seems to be differences in the methylation of cytosine residues in the DNA in developing sperm and egg.  Note that this occurs in the parents.  The result is that although the sperm and egg carry the same genes -- that is, the same base sequences in their DNA -- these sequences have been handled differently during the development of the egg and of the sperm.  The result is stated blandly by Scott Gilbert: "It appears that during germ cell formation, previous information is erased, and then, during meiosis, new information is introduced into the genome.  The pattern of methylation on a given gene can differ between egg and sperm, and these gene-specific methylation differences are seen in the chromosomes of the embryonic cells.  Thus, methylation differences between sperm and egg genes may specify whether a gene came from the father or mother. This maternal and paternal imprinting adds additional information to the inherited genomes, information that may regulate spatial and temporal gene activity and chromosome behavior. Gilbert concludes even more blandly that gamete-specific methylation and the resulting genomic imprinting  "... also provides a reminder that the organism cannot be explained solely by its genes.  One needs knowledge of developmental parameters as well as genetic ones."  

The Prader-Willi and Angelman syndromes are textbook examples of genomically imprinted disorders in humans.  In humans, the loss of a particular gene in the long arm of chromosome 15 results in different phenotypes depending on whether the loss is in the male-derived or the female-derived chromosome.  If the defective or missing gene comes from the father, the child is born with Prader-Willi syndrome, a disease associated with mild mental retardation, obesity, small gonads, and short stature.  If the defective or missing gene comes from the mother, the child has Angelman syndrome, characterized by severe mental retardation, lack of speech, and inappropriate laughter (see Gilbert, 1994). Prader-Willi syndrome (PWS) and Angelman syndrome (AS) are distinct neurodevelopmental disorders with interrelated genetic mechanisms because genomic imprinting within the chromosome 15q11-13 region affects both the PWS and the AS locus. One study carried out by Buchholz and colleagues (1998) presents clinical and molecular data on a large series of 258 referred patients, evaluated with methylation analysis: 115 with suspected PWS and 143 with suspected AS. In these patients, the clinical phenotype was graded into three groups: classical (group 1); not classical but possible (group 2); not classical and unlikely (group 3).  For PWS, a fourth group consisted of hypotonic babies.  DNA methylation analysis confirmed the diagnosis of PWS in 30 patients (26%) and AS in 28 patients (20%). For 21 PWS patients the mechanism was established: 15 had deletions, 4 had uniparental disomy (UPD) and 2 a presumed imprinting defect. Clinically all those with an abnormal methylation pattern had the classical phenotype and none of those with a normal methylation pattern had classical PWS. For 23 AS patients in whom a mechanism was established, 17 had a deletion, 3 had UPD and 3 had a presumed imprinting defect. There was greater clinical overlap in AS, with 26 classical AS patients having a normal methylation pattern while an abnormal methylation pattern was seen in one patient from group 2. In addition, there were a further 40 patients with a normal methylation pattern in whom AS was still a possible diagnosis. Our conclusion is that methylation analysis provides an excellent screening test for both syndromes, providing approximately 99% diagnosis for PWS and for AS, a 75% diagnostic rate, supplemented for the remaining 25% with an essential basic starting point to further investigations.

Though Prader-Willi and Angelman syndromes were among the first brain disorders to be identified as involving genomic imprinting,  human genetic studies have since directed attention to genomic imprinting in a number of syndromes involving brain dysfunction, such as congenital adrenal hyperplasia, Turner's syndrome, bipolar depression, dyslexia,  autism, schizophrenia and even homosexuality. Molecular genetics is providing insight into the complexity of these imprinting mechanisms, while experimental studies are revealing the differential roles that maternal and paternal genomes may play in brain development and growth.

Congenital adrenal hyperplasia (CAH) is an inherited recessive disorder of adrenal steroidogenesis caused by mutations in the steroid 21-hydroxylase gene (CYP21) in more than 90% of affected patients. The CYP21 gene is located within the HLA complex locus on chromosome 6 (6p21.3). During a molecular characterisation study of a group of 47 Mexican families with 21-hydroxylase deficiency, Lopez-Gutierrez and colleagues (1998) identified nine in which the mutation or mutations found in the patient did not appear to originate from one of the parents. Through DNA fingerprinting, paternity was established in all nine families with a probability of non-paternity in the range of 10(-19) to 10(-23). Among these families, Lopez-Gutierrez and colleagues identified one patient with exclusive paternal inheritance of all eight markers tested on chromosome 6p, despite normal maternal and paternal contributions for eight additional markers on three different chromosomes. Lopez-Gutierrez and colleagues did not identify duplication of paternal information for markers in the 6q region, consistent with lack of expression of transient neonatal diabetes owing to genomic imprinting in this patient. These results substantiate evidence for the existence of different genetic mechanisms involved in the expression of this recessive condition in a substantial portion (approximately 19%) of affected Mexican families. In addition to the identification of a patient with paternal uniparental disomy, the occurrence of germline mutations may explain the unusual pattern of segregation in the majority of the remaining eight families.

Turner's syndrome is a sporadic disorder of human females in which all or part of one X chromosome is deleted. Intelligence is usually normal but social adjustment problems are common. Skuse and colleagues (1997) recently published a  study of 80 females with Turner's syndrome and a single X chromosome.  In 55 cases the X was maternally derived (45,X[m]) and in 25 it was of paternal origin (45,X[p]). Members of the 45,X[p] group were significantly better adjusted, with superior verbal and higher-order executive function skills, which mediate social interactions. These observations suggest that there is a genetic locus for social cognition, which is imprinted and is not expressed from the maternally derived X chromosome. Neuropsychological and molecular investigations of eight females with partial deletions of the short arm of the X chromosome indicate that the putative imprinted locus escapes X-inactivation, and probably lies on Xq or close to the centromere on Xp. If expressed only from the X chromosome of paternal origin, the existence of this locus could explain why 46,XY males (whose single X chromosome is maternal) are more vulnerable to developmental disorders of language and social cognition, such as autism, than are 46,XX females.

Skuse and colleagues have even proposed that basic normal sex differences in cognitive ability,  women’s verbal advantage and men’s spatial advantage for example,  are also tributary to genomic imprinting.   This puts into question classical doctrine according to which the sole vector of gender-specific brain differentiation,  aside from experience,  is hormonal.    This represents a revolutionary way of thinking about biological bases of brain sex differences.

Chapter 9. 

Neuropsychology of puberty, the menstrual cycle, parturition and menopause

Hormonal cycling in women provides a window of opportunity for psychoendocrinology.  The female sex offers a special window into the endocrinological investigation of brain function.   Indeed,  women's menstrual cycle,  pregnancy,  parturition (giving birth) and menopause (partial ovarian shutdown) all comprise moderate to substantial changes in their circulating steroid hormone levels.   Consequently,  the investigation of cognitive and brain changes accompanying these cycles and bifurcations may tell us all kinds of interesting things about how these hormones influence brain function.   I have a hunch that the large number of women researchers who have investigated behavioral variations as a function of the menstrual cycle have had ulterior motives,  of which two come to my mind.  Perhaps the most important one is that these women are simply interested in a part of their own lives which was for too long neglected by mainstream (male-dominated) research.   A second motive may have to do with an embarrassing situation for women that they, perhaps secretly,  would wish to combat:  that women's performance and mood varies as a function of their menstrual cycle,  potentially (though surely not usually) leading to disparaging attitudes on the part of male co-workers  -or so they might fear.    This is how I explain to myself the strange situation we scientists are in with regards to the effects of circulating female steroid hormones on cognition and behavior:     those conditions which would lend themselves,  by far, to more appropriate tests of the effect (parturition and menopause) have been neglected,  while that condition wherein hormonal variations are far less drastic (the menstrual cycle) has been extensively studied.

What are sex hormones ?  There are five important hormones whose blood concentrations vary with the menstrual cycle:  estrogen,  progesterone, luteinizing hormone (LH), follicular-stimulating hormone (FSH) and testosterone.   Estrogen is a steroid secreted primarily by the ovaries.  Its main role is to favor development of the female reproductive system and secondary sexual characteristics.  However, it also helps regulate electrolytes (charged ions) in the body liquids, and contributes to protein synthesis.  Men also synthesize (develop) estrogen,  though in lesser concentrations than women.  About half of the man’s estrogen secretion comes from the adrenal gland,  and the other half from the testes,  while an additional part of the total estrogen is derived from testosterone.   Progesterone is also a steroid secreted by the ovaries.  Its main function is to prepare the endometrium (a layer of the uterus) for implantation of the fertilized ovum.   It also favors secretion of milk.  Luteinizing hormone is secreted by an important endocrine gland located at the base of the brain called the hypophysis (also known as the pituitary gland). It liberates an ovum from the ovary thus making it eligible for fertilization and regulates production of ovarian hormones.  Follicular-stimulating hormone is also secreted by the hypophysis.  It contributes to early development of the ova,  and regulates production of ovarian hormones.  Testosterone is a male steroid hormone which is also secreted by the female body (50% by the adrenal cortex and 50% by the gonads). In men it is mostly secreted by the testes and its blood concentration is about twenty times higher than in women. Its function includes control of the development of the male sexual organs and secondary sexual characteristics,  and it favors protein synthesis.   Most of these hormones are believed to influence non-reproductive behavior and even cognition in particular.   For example, studies of the drop in estrogen associated with menopause have shown significant cognitive effects.  A drop in estrogen produces a male-typical cognitive profile.  Interestingly,  luteinizing hormone and even LH-releasing hormone (a precursor of LH)  seem to have similar cognitive effects as estrogen.  One group of investigators injected LH-releasing hormone and LH intravenously to normal men,  and observed a significant increase in verbal abilities and a drop in mental rotation spatial performance.   Several studies have found that testosterone levels in men correlate positively with (may be partly responsible for)  visuospatial abilities.

Female cycling hormones and their functions.  Our interest in this book is not so much the primary (reproductive) role of these hormones as the impact they have on brain function and non-reproductive behavior.    So what we really need to know first is how their concentrations vary as a function of the menstrual cycle.   The boundary of the menstrual cycle is defined, of course, by the menses.   About half way between the menses, at the time when the ovum is released (i.e., at ovulation), four of these hormones reach their peak.   These are estrogen, LH and FSH and testosterone.  Progesterone reaches its peak a few days before menstruation and drops back to baseline immediately before the menses.   Finally, FSH and testosterone have a high plateau before ovulation whereas estrogen has a high plateau after ovulation and LH is equally low before and after ovulation.    This is a complex set of variations which is hard to investigate in a complete way.  For example, it is extremely hard to tease out an effect which could be attributed to any one hormone.  Very few psychoendocrinological or neuroendocrinological studies have assayed the full extent of variation of all these hormones.   So in short,  the picture we get is usually piecemeal,  and more often than not limits itself to distinguishing the follicular phase from the luteal phase.
In addition,  not all modulations of gender-specific hormones are tonic (smooth changes).  For example,  the woman’s ovarian function is in fact controlled by a releasing factor (luliberin) which is secreted in a pulsating manner by the pituitary gland.  As an aside on luliberin,  I might add that yeast organisms,  which are among the most primitive sexual beings known to exist,  also use this molecule to reproduce.

The variation of sex hormone concentrations in blood as a function of the 

menstrual cycle
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Figure 11.  The concentrations of the five major sex hormones vary slightly as a function of the menstrual cycle in normal women.     These variations are attenuated or absent in pre-pubertal girls, in women using contraceptives, in ovariectomized women and in women who have completed their menopause.   In this figure,  the concentrations of the five hormones in question are on different measurement scales:  they are so depicted solely for the sake of simplifying the graphic presentation (Test = testosterone,  FSH = folliculostimulant hormone,  E2 = estradiol (estrogen),  LH = luteinizing hormone,  P = progesterone,  M = menstrual period).


Effects of the menstrual cycle on emotions and abilities.   There is a phase of her menstrual cycle (ovulatory) when a woman is fertile and a phase (menstrual) when she is not.  Consequently, if anything in mental life and behavior could be predicted to vary as a function of the menstrual cycle,  it ought to be sexual desire.   Some species of mammals have zero sexual desire when they are not fertile.  Of course,  everybody knows that humans are not that way.  However, there is a subtle variation in humans,  in the expected direction:   women's libido is maximal at ovulation when they are most fertile,  and minimal at menstruation when they are not fertile.  One team of investigators examined prospective data from 1,066 women (aged 19-44 years) for evidence of covariation between the timing of sexual desire and menstrual cycle characteristics. In any given menstrual cycle, sexual desire was usually first experienced a few days before the basal body temperature (BBT) shift, around the expected ovulation date. Positive correlations were found (1) between the day of the BBT shift and the day of sexual desire onset and (2) between the length of the menstrual cycle and the temporal lag between the onset of sexual desire and the BBT shift.   These results are obviously consistent with a model in which sexual desire is affected by the same process that regulates the menstrual cycle, suggesting that hormonal factors may contribute to sexual desire in a biologically meaningful manner:  sexual desire increases with reproductive fitness thus economizing on expenditure of time, energy and risk of infection.

Another outstanding psychological correlate of menstrual cycling variations is mood.  Dozens of studies have demonstrated that mood is at its best around ovulation and at its worst around menstruation (especially just before they start) and this effect is often found to be statistically significant.  This particular psychological effect of the menstrual cycle is one of the most robust.   It is also the most likely to be mediated by the neurotransmitter serotonin,  which is the neurotransmitter most affected by menstrual variations in estrogen.  Simple as this account may seem,  one study has managed to impose a constraint on it.   One research team tested mood in two cohorts of normal-cycling women.  One group was tested before being asked about their menstrual status and had not been informed of the purpose of the study.  The other group had been informed of the purpose of the study,  and was asked about menstrual status before completing the mood test.   The authors found that the effect of the menstrual cycle was not significant in the uninformed group.  They interpreted their findings in the following manner:   women attribute a negative mood to themselves as a manner of accounting for the more specific displeasures of menstruation.   In other words,  the classical finding of menstrual cycling of mood scores on mood tests seems to consist,  in large part,  of a cognitive construal (an overextended interpretation) more than of a truly specific variation of mood.  My own belief is that there is a very minor cycling of mood,  but that this particular study was not methodologically sound enough to pick it up.   However,  I do agree that much of the effect consistently reported to date has consisted of cognitive construal.   

Student’s tribune:  Mood and the menstrual cycle,  is the variation objective or subjective ?
In a recent experiment carried out by my student Loïc Villeneuve,   we found that mood was very significantly lower in women tested at menstruation than in the same women tested at ovulation.  However,  the women knew that the investigation was designed to study the menstrual cycle.   And in fact,  salivary estrogen and testosterone levels and  body temperature did not correlate with mood at all.   

Another  finding commonly reported is that whenever a significant cycling of cognitive performance is observed (which is not always the case),  it is at ovulation that the performance is at its best,  and just before menstruation that it is at its worst.   This has been reported for basic perceptual and motor functions,  but also for higher order functions in the cognitive domain            -including such things as abstract reasoning,  planning,  mental calculation,  and several performances on neuropsychological tests.  In fact, it seems that of the two basic levels of cognitive functioning,  the simple and complex,  it is the complex which is more often found to be modulated by the menstrual cycle.  Simple reaction time has most often been found not to relate to the menstrual cycle,  whereas complex reaction time effects do seem to follow the menstrual cycle on occasion.  Likewise,  in evoked potential experiments,  the same general trend is observed.  Evoked potentials are a special form of electroencephalography.   Brain electrical activity is collected from the scalp in normal people in response to repeated stimulation,  involving simple processing such as detection or complex processing such as discrimination, classification, etc.   One complex evoked potential is the third (late) positive wave (P3).  This wave is one of the few which has been found to follow the menstrual cycle.  It’s latency is shorter at ovulation,  indicating that the brain is functioning a bit better at this moment of the cycle.  How substantial are these variations ?   Not very.   Most women cannot even notice it in themselves.   The vast majority of these tasks are performed just as well by women as by men.  Gouchie and Kimura (1991) presented findings to the effect  that women do better in female-typical tasks at mid-luteal (high- estrogen) phase, and better at male-typical tasks at the menstrual (low estrogen) phase.   

Now here is the most interesting finding from a neuropsychological perspective.  As I explained in chapter 3, experimental psychologists have devised ingenious techniques to understand how one hemisphere of the brain can be more efficient than the other.    The two main such techniques are tachistoscopy for vision and dichotic listening for audition.  I am aware of eight studies that have investigated the relative efficiency of the two hemispheres by comparing perceptual or cognitive processing of stimulation of the two sides of the body (i.e., by inference, of the two hemispheres) with these techniques.   The results have always been basically the same.     The left-sided stimulations gain a significant relative advantage at menstruation,  whether the material to be processed is of a verbal nature or not !  (see Bibawi et al, 1995 and Hesiter et al, 1980).  This is a remarkably consistent finding in several senses.  First, it is remarkable because the techniques used are notoriously capricious (the effects of laterality depend on many technical details).  Second, it is remarkable because it fits well with the rest of what is known about sex differences in cognitive abilities and brain function.   Indeed,   women's cognitive advantages over men are in the verbal domain and the verbal domain is left hemisphere-dependent.  It seems that increased hemispheric specialization,  in women,  results from a drop in steroid hormones rather than from  an increase.   This actually fits logically with the literature I reviewed in chapter 3 in one sense.   Overall, men manifest more hemispheric specialization on tasks such as these (tachistoscopy or dichotic listening) than do women (see Halpern, 1992;  Kimura, Levy & Heller, 1992; 1993; McGlone, 1980,  for reviews of the relevant literature).   Women present a more male-like pattern (with regard to hemispheric specialization) when their hormonal status is more male-like.    This account is incomplete however.   The specialization of the women,  occurring at menstruation,  is always in the direction of a relative right hemisphere advantage.    Recall that men manifest more left hemisphere specialization for verbal material and right hemisphere specialization for spatial processing  (see chapter 11 for more reflections on this theme).

Finally,  the cutting edge in the field of neuropsychology of the menstrual cycle comes from two research teams who have both very recently reported data compatible with an effect of the menstrual cycle on interhemispheric relay (Nicole Weekes and her colleagues,  and Elisabeth Hampson and her colleagues).  They proposed that based on their results,  interhemispheric relay is less efficient (less accurate) around ovulation than at menstruation.  There is also evidence that the same effect is observed in rats.  

Student’s tribune:  Does interhemispheric physiology vary as a function of the menstrual cycle ?
To follow up on these exciting research findings,  my student, Loïc Villeneuve, tested 28 normal regularly cycling women at mid-menstruation and as close as he could to ovulation.   To estimate interhemispheric relay time, he used simple visual reaction time,  arranged in a paradigm called the “Poffenberger paradigm”.   The  right visual field projects to the left hemisphere,  and the left to the right.   The left hemisphere produces a right hand response and the right a left.  When a subject responds to a lateral stimulus with the contralateral hand (the hand opposite to the stimulated visual field),  it is assumed that the neural relay must cross the brain commissures.  However,  when the subject responds with the hand ipsilateral to the stimulus (on the same side),   interhemispheric relay is not required.  The difference in reaction time between these two conditions is believed to be an estimate of interhemispheric relay time.  Loïc found that interhemispheric relay time was not different in the two menstrual stages,  but he did find that accuracy (smaller prevalence of omission errors) of interhemispheric relay was indeed significantly lower at ovulation than at menstruation.  Now the neurotransmitter used by most interhemispheric neurons is glutamate.   Glutamate is an excitatory neurotransmitter.   An intriguing in vitro study of slabs of rat brain recently found that serotonin has a selective inhibitory influence on interhemispheric neurons of the corpus callosum  -which is the main interhemispheric commissure.  Central nervous system serotonin reaches its peak around ovulation in normal cycling women. So one speculation could be that the menstrual cycle influences interhemispheric relay by a hormonal influence on serotonin.   However,  it should be noted that the variation we observed of so-called interhemispheric relay accuracy (which cannot plausibly be construed to consist of an attitudinal artifact)  did not correlate with our salivary measures of estradiol or of testosterone  -a finding which is typical of reports of menstrual cycling of mentation or behavior.   

I conclude that the evidence suggests that sex differences in cognitive performance depend, among other things, on the activating on-line effect of circulating hormones -in a complex manner that remains to be clarified.   Now nobody would suggest that cognitive performance is directly produced by steroid hormones.  Hormones are stupid. To explain these putative correlations between cognitive performances and hormone levels,  one has to imagine some sort of interaction between at least one (probably several) of these hormones and selective neuronal processes which alone are directly responsible for the cognitive performances.   

From cycling hormones to cycling brains to cycling behavior. If we want to take psychoendocrinology seriously we will have to search for brain processes that also somehow follow the menstrual cycle.  We need to understand the precise molecular mechanism by which one or several steroid hormones produce the relevant brain changes.   Circulating hormones could have effects on neuronal metabolism, electrical processes,  or on the neurotransmitters used by neurons to relay information from one to the other.     Have modulations of neurotransmitters been observed to follow (track) the menstrual cycle in mammals ?   You bet they have !   Most of the data comes from research on rodents.   All of the neurotransmitters known to play an important role in cognition show a subtle phasing that is time-locked to the estrous cycle (a term equivalent to the term menstrual cycle  reserved for humans). For example,  the neurotransmitters serotonin and noradrenalin reach their peak at ovulation,  whereas the neurotransmitters dopamine and gamma-aminobutyric acid reach their peak at menstruation.  The evidence for this modulation of neurotransmitters, in humans, comes from studies of body liquids sampled at various stages of the menstrual cycle.  Such liquids provide an indirect estimation of neurotransmitter dynamics in the brain.  We will know a great deal more about the phenomenon when researchers start mapping neurotransmitters with targeted metabolic brain imaging -as a function of the menstrual cycle.  Studies of neuron cultures in vitro have shown that estrogen is a physiological agonist of serotonin and is a dopaminergic antagonist.  There is one piece of the puzzle left to comment.  Why would,  and how could the relative efficiency of the brain's hemispheres change under the influence of hormone cycling ?   The key that will help us unravel that intriguing question,  I think,  could have to do with the fact that brain neurotransmitters are hemispherically asymmetric.    Post mortem assay of serotonin in women's brains has shown that this neurotransmitter is present in different concentrations in the two hemispheres,  more so in women than in men.  Specifically,  there is more of it in the right hemisphere -especially in women.   This helps to explain (or begin to imagine) how a serotonin agonist like estrogen,  which is delivered diffusely to the whole brain through the blood stream could have an asymmetric effect on hemispheric function.   

Aside from hemispheric lateralization,  were brain serotonin to be modulated by cycling female hormones,  then one could expect that modulations of those functions which are well established as being brain serotonin-dependent should track the menstrual cycle.  What are the serotonin-dependent functions ?   They are sleep,  body temperature,  propensity towards inflammation,  mood,  appetite,  hostility (the psychological expression of aggressiveness),  pain sensitivity, sexual receptiveness, and so on.   Low and behold !  All of these have been found to significantly vary as a function of the menstrual cycle in normal cycling women not taking contraceptive pills (women taking contraceptive pills undergo less variation of their steroid hormones).  Such effects are presented in table 9.

Table 9

Findings of significant menstrual modulations of putatively serotonin-dependent behaviors
	Behaviors believed to be ersotonin dependent
	References

	Appetite
	Laessle et al, 1990

	Sensitivity to pain
	Goolkasian, 1985

	Mood
	Rosen et al, 1989

	Agressiveness
	Parlee, 1982

	Body temperature
	Parry et al, 1989

	Sexual receptivity
	Laessle et al, 1990

	Sleep
	Dennerstein et al, 1984

	Inflammatory response
	Zachariasen, 1989


From cycling brain pathology to theoretical models of psychoendocrinology and psychoimmunology.  We can also get further little conceptual handles bearing on this whole issue by searching for evidence of any kind of menstrual tracking of pathology (symptoms) in brain disease.   Let’s start with the auto immune diseases affecting the brain.  Two such diseases are disseminated lupus erythematosis  and multiple sclerosis.  These two female-preponderant diseases sometimes tend to flare up cyclically at ovulation.  Estrogen is a known potentiator of the immune response.   The impact of steroid hormones (especially estrogen) on these two disorders is so important that it has been standard medicine to counsel abstention from pregnancy in afflicted women  -because it was thought that pregnancy causes a major flare-up of the inflammatory condition.  Let me take the opportunity now though of stating that at least ten studies have shown that there is no risk of a permanent aggravation of multiple sclerosis by pregnancy. The same seems to be the case for Crohn's disease.  Pregnancy in patients with disseminated lupus erythematosis puts the fetus at risk for complications,  but the clinical course of the disease for the mother is usually benign.    

Now let’s look at known serotonin-mediated brain diseases.   Manic-depressive psychosis is thought to involve disturbance of serotonin metabolism -though this is far from providing a full account of the disease.   The best treatment for this disease,  the mineral salt lithium,  has a major influence on serotonin metabolism in the brain.   Only a few cases of manic-depressive psychosis have been reported to cycle with menstruation.   The few cases reported represent unusual portraits for this disease whose cycle is usually annual or seasonal.   Nevertheless,  the few cases reported with a menstrual cycling are telling.  Mania peaks at ovulation and depression peaks at menstruation (when women are hormonally more male-like,  and incidentally,  men have been found to be twice as much at risk for unipolar mania).   Ordinary depression,  the reactive or endogenous types, also seem to involve a  disturbance of brain serotonin metabolism.   The best known treatment for depression consists of the drug class known as tricyclic antidepressants whose mode of action consists of preventing neurons from recovering serotonin released in the synapses.  This has the net effect of increasing synaptic serotonin,  thus mimicking and boosting serotonergic signaling throughout the brain.   Contrary to manic-depressive illness which is not very female-prevalent if at all,  "ordinary" depression  is more common and is very much female-prevalent.   Furthermore,  it is quite common for depressive symptoms to be at their peak in the immediately pre-menstrual phase.   Recall that estrogen is low during this phase,   that estrogen is a serotonin agonist, and that depression is treated by increasing serotonin metabolism.  One data base which lends itself very conveniently to a test of modulation of mood disorder by the menstrual cycle is suicide attempt.   Indeed,  suicide attempts are far more frequent during the paramenstrual week than otherwise.   Successful suicide however,  seems to be most frequent during the luteal phase of the menstrual cycle.  Migraine is another female prevalent (4: 1) brain vascular disorder which we think is serotonin-mediated because the best treatment for migraine has an important effect on serotonin metabolism.   Migraine is believed to be caused,  among other things, by excessive serotonergic activity because serotonin antagonists are quite effective anti-migraine drugs.   Women who have migraine at regular periods in the menstrual cycle have them more often around ovulation.    Furthermore,  it has been noted that migraine seems to often be alleviated or to disappear during pregnancy,  whereas this is not the case for tension headache (headache believed to be caused by muscle tension around the head).

Recall that estrogen is a dopamine antagonist.   Suppose we could find disorders whose symptoms are caused,  among other things,  by excess dopaminergic activity in the brain.  This would be the case of disorders which are effectively treated by neuroleptics whose main action is to inactivate D2 (dopamine) receptors in the brain.   Schizophrenia,  Tourettian tics,  and stuttering are such disorders.   There are several reports of cases of women presenting symptoms which vary in intensity as a function of the menstrual cycle.  Guess when the symptoms are worse!   Yes of course, it is at the approach of menstruation that the symptoms of these disorders get worse. 

We have seen in previous sections that aggressiveness is enhanced by dopamine and inhibited by serotonin.   Given what we know about the effects of estrogen on these neurotransmitters,  we would predict that violent assaultive crimes committed by women ought to occur more during menstruation.   A large scale study was carried out long ago on female prison inmates which provides the answer to the prediction.   62% of such assaultive crimes were committed during the paramenstrual week.    

Finally,  several cases of epilepsy in women have been found to present a variation of the frequency of epileptic attacks in synchrony with the menstrual cycle.    The aggravation of the epileptic condition typically takes place in the immediately premenstrual phase.  One neurotransmitter which is important in epilepsy is gamma-aminobutyric acid (GABA).   Several of the more effective anticonvulsant medications are GABA agonists.   So steroid hormones could have a modulatory impact on GABA metabolism,  but this remains to be proven.  The modulation of epilepsy by the menstrual cycle could also be operating via salt channels in the neurons' terminals,  or by some other mechanism.

Does early or late puberty determine neuropsychological profiles ?    One of the outstanding biological sex differences is that girls reach puberty before boys do.   The age at which puberty is achieved could,  conceivably,  influence brain organization.  The brain is certainly still developing at puberty.  For example,  it is known that myelinization (envelopment of neurons by fatty insulating sheaths) of the axons of the corpus callosum reaches completion only in adolescence.    So,  supposing girls have greater verbal skills because they reach puberty early,  and supposing boys have greater visuospatial skills because they reach puberty late,  then should we not predict that the same cognitive effects ought to be observed in girls and boys with very precocious or very tardive puberty ?   Several authors have now investigated this theme.   First, when normally distributed cohorts are investigated, one notices that early puberty is mildly related to high cognitive ability as a whole (independently of gender),  and that the high cognitive ability actually antedates the puberty.   So what is being observed in early puberty is probably a trait simply associated with healthy rapid development.    The results are different when more extreme cases of precocious and delayed puberty are compared.   The idea of measuring verbal and visuospatial abilities in very precocious and very delayed puberty was first put to test by a researcher called Deborah Waber in 1976.  She found that delayed puberty was indeed associated with high visuospatial ability,  in both sexes,  just as predicted.   She also found that precocious puberty was associated with high verbal ability,  a finding also in the direction predicted by our simple gender model outlined above.   There have since been at least three attempts to replicate this finding.   Though all three obtained significant results,  they were contradictory from one investigation to the other.   So it is not possible at present to claim that precocious or delayed puberty has a systematic effect on brain organization in any way related to sex differences.   

Further research on this theme certainly does need to be carried out.  Such research is complicated by the fact that very precocious and very delayed puberty is often associated with major endocrinological disorders,  so severe that they can in fact affect cognitive abilities.  Furthermore,   sex differences in cognitive profiles antedate puberty in normal development,  so it would be implausible to believe that pubertal precocity should explain much of the variance in sex differences in cognitive abilities.  And of course,  there could be a causal relation between prenatal sex hormone metabolism and timing of puberty.  In fact, this has been found to be the case in the sheep:  research has shown that in this species prenatal androgens can masculinize patterns of gonadotropin secretion, and the timing of reproductive neuroendocrine maturation after birth is programmed by androgens in utero. There is little reason to think that other mammals should be any different.  Finally,   the puberty-onset model of cognitive profiles predicts that visuospatial abilities should be lower in girls or women who had an early puberty.    Girls reach puberty much younger today in industrialized countries than they did say 50 years ago.  Yet their visuospatial skills have actually improved over this time period.   Both effects are probably partly due to the same cause.  People eat more proteins,  and they also eat more meat that comes from hormonally manipulated animals having received growth hormones to speed up their development to reduce the time from birth to market to reduce production costs.   Both of these changes have accelerated the development of human beings.   In addition,  intelligence keeps going up with every generation ever since IQ tests have existed.   Despite all the chest beating that goes on about how the school system is degenerating in North America, I think it is producing ever greater intellectual development of the general population.   I suspect that in addition to that,  the evolution of schooling, of television and of the other media has also increasingly contributed to improved general intellectual development of children  -despite the common belief to the effect that the mass media are brain killers.   What all of this boils down to is that the puberty-onset model is interesting,  but cannot be plausibly be invoked as a very important factor in sex differences in cognitive ability.

Is there a neuropsychology of hysterectomy, ovariectomy or menopause  ?   A woman's ovaries partially shut down at menopause,  resulting in a massive drop in circulating estrogen and progesterone,  far below the lowest levels of the pre-menopausal menstrual cycle.   Though there is a reduction in luteinizing and folliculostimulant hormones,   it is estrogen and progesterone concentrations that drop the most  at menopause.  So,  if estrogen truly has a "physiological" on-line brain-mediated effect on the neuropsychological profile,  i.e., on cognitive sex differences,   then women's neuropsychological profile should change dramatically shortly after menopause.   Unfortunately,  as I explained in the preamble to the present chapter,  this has not been studied in depth.   Low estrogen would predict a drop in mood,  in verbal ability,  and a shift of hemispheric "specialization"  or priming to the right hemisphere (relative left field and left ear advantages).    Only the first prediction has been unequivocally tested.    Not only does mood swing downwards (though not in all women) at menopause,  but depression is more frequently encountered.    Several investigations have documented a drop in "general cognitive abilities"  incommensurate with a smooth continuation of the pre-menopausal trajectory.  One such investigation found that post-menopausal women with estrogen-replacement therapy performed significantly better than untreated controls on a battery of cognitive tests including tests of perceptual speed, articulatory skill and verbal fluency  -all tasks believed to be favored by circulating estrogen.  A similar effect has also been observed as a result of hysterectomy,  an operation which has a hormonal effect resembling  menopause.  Interestingly,  this "general cognitive effect" seems to be reversible by estrogen-replacement therapy.  If you believe menopause is biologically benign, that the cognitive decline is trivial,  and that estrogen is irrelevant,  consider this.  Researchers have found that ovariectomized rats suffer a significant memory loss,  which can be countered by cyclical estrogen injections.  Furthermore,  ovariectomized rats without estrogen-replacement have significant degeneration of one type of neuron (granular) in the main memory structure of the brain  -namely the hippocampus.   In one study, estrogen-treated ovariectomized rats had 40% more dendritic spines (synaptic connections) on these neurons than did the untreated ovariectomized rats.  By the way,  this finding has triggered a recent rash of studies investigating efficacy of estrogen therapy in Alzheimer's disease.  I have not been able to find documentation of whether verbal or visuospatial functions show a different pattern of decline.   Absolutely nothing seems to have been published on perceptual asymmetry (hemispheric dominance using either dichotic listening or tachistoscopic techniques) in post-menopausal women.   This would be an easy project to carry out  -an excellent PhD thesis in the giving.  

Finally,  a piece of evidence is indirectly germane to the issue of the effect of menopause on the brain.   Are there sex differences in the brain that seem to emerge late in life ?   The answer seems to be yes.  One investigation assessed effects of age and sex on regional brain structure in humans, focusing on the frontal and temporal lobes. Hemispheric volumes were obtained from magnetic resonance images of 96 young (53 men and 43 women; aged 18-40 years) and 34 older (17 men and 17 women; aged 41-80 years) healthy volunteers. An age  by sex by hemisphere by region interaction indicated that age-related reductions in brain volume were sexually dimorphic, lateralized, and region specific. Greater decrements in brain volume occurred with age in the frontal lobe than in the temporal lobe. Age-related reductions in both regions were greater in men than in women, demonstrating that sexual dimorphisms in human neuroanatomy are not fixed, but continue to change throughout adulthood. The authors proposed that this late-onset sex difference could be hormonally mediated.   I have come across a report of an even greater sex difference which emerges in the brain in old age. The mediobasal hypothalamus   of 33 men (mean age, 77 +/- 10 years) and 31 women (mean age, 78 +/- 10.3 years) was investigated for neurofibrillary pathology associated with abnormally phosphorylated tau protein. A conspicuous pathology was identified, characterized by terminal-like processes contacting the neurohemal vasculature of the posterior median eminence and the adjacent infundibular nucleus. This pathology revealed a striking sex difference: it was identified in 79% of the males, but observed in only 6% of the females. The vessel-associated neurofibrillary lesions of the mediobasal hypothalamus develop independently of Alzheimer's disease-related neocortical pathology. The sex-dependent neurofibrillary degeneration was suggested as an explanation for an impairment in neuroendocrine function previously reported in elderly men.   A caveat deserves mention here.   After the age of menopause,  men and women become very similar in terms of circulating sex hormones.   In fact,  men of this age have slightly more estrogen and progesterone than women do !

Is there a neuropsychology of pregnancy ?  During pregnancy,  both estrogen and progesterone concentrations steadily climb up to levels far beyond the peak of the menstrual cycle.   Then,  at parturition,  both hormones immediately (perhaps even brutally) drop to the low menstrual level.    There have been several studies of neurotransmitter metabolites in human serum during the stages of pregnancy.   These vary predictably:  since estrogen is a serotonin agonist and a dopamine antagonist,  we would expect the former neurotransmitter to steadily increase and the latter to steadily decrease  -until parturition produces a bounce-back.  This is exactly what occurs.   Who hasn't heard of postpartum depression ?  It is a depressive state frequently encountered by women who's neuroendocrine interface cannot adapt to such a brutal drop in estrogen level as occurs at parturition.   This disorder affects a whopping 10-15% of parturating women,  and is most probably serotonin-mediated.   Crying is not enough to qualify for the diagnostic label of depression.  It is nevertheless impressive that 67% of women experience crying spells within 10 days after having given birth.   Not all of the effect of giving birth on mood should be attributed to hormonal upheaval however.   Women who adopt an infant also frequently report a downturn of mood.   After all,  within 10 days a mother typically has to exchange her freedom for that of the infant.  As for dopamine,  the lurking danger would be for a schizophrenic episode because brain dopamine metabolism climbs up so quickly at parturition,  challenging the neuroendocrine interface as well.    This disorder is fortunately much rarer than is post-partum depression.  However, whereas men's risk for a schizophrenic episode declines after the age of 40,  women's risk increases several-fold.    For example,  a woman who has had a post-partum schizophrenic episode has a 65% chance of undergoing one again at menopause  -at a time when brain dopamine climbs up again,  and stays up.  

It appears that the hormonal changes occurring during pregnancy have a protective effect against behavioral breakdown resulting from brain lesions.  In one experiment,  three groups of female rats received the same brain lesion.  One group was non-pregnant,  one was pregnant,  and the third was pseudo-pregnant (estrogen treated).  The animals were tested on a maze-learning task prior to and after the lesion.  The pseudo-pregnant females recovered best on this task,  followed by the pregnant females,  and the group differences were statistically significant.  In short,  circulating hormones seem to protect females against infection,  as well as perhaps a few other brain lesion sequels which remain to be determined.

Another neurobiological way of investigating the relationship between pregnancy and brain function is to determine whether parity (the number of children a woman has given birth to) modulates risk factors for behavioral disorders resulting from brain diseases.  Indeed,  having children subsequently reduces a woman’s production of sex steroids,  both masculine and feminine. One epidemiological study examined the contribution of childbearing to the sex difference in first admission rates for affective psychosis. The effects of sex, age, marital status and parity on first admission rates are examined in 114 patients admitted from a defined catchment area. The rate of first admission in women was almost twice that in men. Using logistic regression analysis (a statistical technique capable of determining which of several predictors best explain a criterion) one significant factor accounting for this sex difference emerged: female parity. The effect of parity was evident up to the age of 54, and it accounted entirely for the sex difference in relative risk. Nonparous women had a lower relative risk of admission than men.  An apparent effect of marital status was significant only in women, and was accounted for by parity and age.   Another investigation found a weak relationship between parity and schizophrenia:  the risk for this disease increases slightly with increasing parity.   This research theme is a good example of a neurobiological approach which could easily be confounded by sociocultural factors.   In many women in the world today (surely in most),  increasing parity adds biological, social, financial and psychological stress.   Increasing risk for mental disease as a function of parity could be easily explained by factors which are not primarily biological,  i.e.,  which are do not specifically consist of a gonadal hormone effect on brain function.    For example, a large scale study of mono and dizygotic twins found that parity was not a predictor of psychiatric disease per se,  but rather,  that  conjoint «marital stress» variables (obviously associated with parity)  were the main contributive factors.     Indeed,  parity of men actually extends life expectancy and that of women reduces it.  This could well be related to segregation of roles as a function of parity:  having more children stresses women more than it does men.  I predict however,  that with the trend we see toward full penetration of women into the job market (egalitarianism in extrafamilial work),  evolution of parental roles will quickly follow (egalitarianism in intrafamilial work).    Parity will have effects which will be decreasingly sex-segregated  with the years to come.    Men will become increasingly stressed by paternity and will pay for it in their health.

Why do the menstrual cycles of cohabitating women synchronize ?    It has long been noticed,  and it has now been scientifically confirmed, that women who cohabitate for long enough eventually have their periods at the same time.  In other words,  they synchronize.    It is reasonable to assume that this occurs under the influence of pheromones. Pheromones are airborne chemical signals that are released by an individual into the environment and which affect the physiology or behaviour of other members of the same species. The idea that humans produce pheromones has excited the imagination of scientists and the public, leading to widespread claims for their existence, which, however, has remained unproven. Stern and McClintock recently published a paper in the reputed journal  Nature   investigating whether humans produce compounds that regulate a specific neuroendocrine mechanism in other people without being consciously detected as odours (thereby fulfilling the classic definition of a pheromone).  They found that odourless compounds from the armpits of women in the late follicular phase of their menstrual cycles accelerated the preovulatory surge of luteinizing hormone of recipient women and shortened their menstrual cycles.  Axillary (underarm) compounds from the same donors which were collected later in the menstrual cycle (at ovulation) had the opposite effect: they delayed the luteinizing-hormone surge of the recipients and lengthened their menstrual cycles. By showing in a fully controlled experiment that the timing of ovulation can be manipulated, this study provides definitive evidence of human pheromones. 

Certain body odors,  which such women are not aware of,  probably entrain mestruation,  such that any subgroup of women who just happen to be synchronized will have a predominant effect on the rest of the cohort,  eventually leading to full synchrony.    One could wonder why I am talking about this phenomenon in a book on differences between men’s and women’s brains.   The reason is that the brain is the central link between the input and output dimensions of the phenomenon.   Some area of a woman’s brain has to detect the pheromones in question,  and the same or a different brain area has to influence that woman’s endocrine system to make it change it’s cycle.  We have no idea what these brain centers might be,  and of course,  we know even less about the brain physiology involved.   But we have good leads from animal research on sexual attraction by pheromones.   So some of the first answers to these questions will surely come from animal research. In the meantime, we know that as with other female mammals, a man’s "smell" appears to become more important to women near ovulation. Some evidence suggests that this is related to increasing estradiol levels and their effect on olfactory acuity and specificity.   Now,  why in the world would nature want the human menstrual cycle to synchronize in cohabitating women ? A sexology researcher named Edward Miller has recently argued that synchrony is a device to make it harder for dominant men to force sex on women and incorporating them in harems. Ovulatory synchrony would make it easier for women to pair bond with men...   Of course,  he is speculating here about mechanisms dating back to very primitive times,  long before marriage became socially regimented.

Chapter 10

Sex-linked psychopathology:  Anorexia nervosa and psychopathy as prototypes

Boys will be boys and girls will be girls.  I hope I have been able  to make the point that the detailed analysis of sex differences in brain pathology is of tremendous help in understanding (or at least in thinking neurobiologically about) basic mechanisms of sex differences in normal behavior, and vice versa.  On the other hand,  the sexes usually only differ in the degree to which they are at risk for various disorders.  Most of these sex differences are clear enough to suggest ideas for a (relatively) specific mechanism,  but are too subtle to serve as unequivocal analogs of general sex differences in behavior and psychic make-up.   Suppose then that a given psychopathology affected women ten times more than men,  and that another affected men ten times more than women.  Suppose that these two psychopathologies were the two most sexually-segregated of all.    Then wouldn't it be interesting to see whether these two psychopathological states represent a sort of morbid exaggeration of the female and male psyche ?  Wouldn't it also be plausible that the endocrine and neural determinants of such disorders be overdetermined, i.e., lined up in a way which combines practically all the modulations (vectors) in a sexually dimorphic manner ?  It so happens that this is exactly what presents itself to us.   Anorexia nervosa affects ten times more women than men and psychopathy affects ten times more men than women.  No two psychopathologies are more sexually segregated.   Endocrinologically and neuropathologically,   these two diseases comprise basically all of the traits characteristic of the other sexually segregated disorders.   In other words,  the biological sex-specific determinants of these disorders are overdetermined (multiple).    The sexual segregation is so important in these two disorders that contrary to just about every other behavior or psychic syndrome known,  the sex-related biological factors are actually more important (explain more variance) than the hereditary factors.  In these cases, despite the extreme sexual segregation, the mode of hereditary transmission is fact autosomal rather than gonosomal.  

Anorexia nervosa as a pathological prototype of femininity.    Anorexia nervosa is primarily an internalizing disorder because  the morbidity is turned inward. I understand that this could be disagreed with.  Indeed,  hypophagia (self starving) could be stated to consist of an externalizing behavior, with a bellicose intent or an attention-seeking unconscious motive.   And there is even a form of the disease which comprises much disruptive behavior:  indeed, bulimia is a form of anorexia nervosa characterized by cycles of food bingeing and vomiting and laxative abuse and dangerous dieting,  kleptomania, sexual promiscuity, drug abuse and alcoholism, emotional lability, all reminiscent of episodic dyscontrol disorder.    My topic here will limit itself to the so called "restricting" form of anorexia consisting basically of self starving.   This type of anorexia is the more common form.  The restricting anorexic is typically extremely well considered by the family and school.  She is a model child up until her hypophagia (self starving),  and even this goes unnoticed for a long period of time.   There is no acting out,  no impulsive destructiveness, no attention-seeking behavior,  no hostility at all.    About 40% are clinically depressed at one or another point in or around their anorexic "career",  including quite frequently before the hypophagia.    A similar number manifest signs of the obsessive-compulsive syndrome other than the obsession for thinness and compulsive dieting (excessive cleanliness,  ritualisms, complex recurrent ruminations having to do with mind control, etc.).   Restricting anorexics are sexually turned off (delibidinized) if they have ever been turned on at all,  and loathe the rotundness of the feminine shape.   Anorexia nervosa is stress-related:  it happens more often in stressed families (especially the type of stress associated with the ideology of over-achievement)  and it is aggravated by stressors which can be pegged in time  (sudden financial strain, death of a parent, parental divorce or conflict, etc.).      One of the most spectacular maladjustments in anorexia nervosa is the body image disturbance.  Restricting anorexics see themselves as despicably fat even when they are cadaverically thin.


Body image distortion in restricting anorexics
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Figure 12.   My student Colette Jodoin completed her PhD on the neuropsychology of anorexia nervosa several years ago.    One of the issues that interested her was the distortion of body image.   She presented various cards to schoolgirls who scored in the pathological range on an anorexia scale.   The girls were simply asked to rate which card best represented their true physiognomy (body shape) and which card represented their ideal body shape.   Elaborate anthropometric measurements of the girl's bodies were taken.   It was found that these “pre-anorexic” girls selected appropriate models to represent their true physiognomies.  However,  their selections of “ideal” physiognomies corresponded to the cadaverically thin models,  a finding which differed significantly from selections of normal controls.


The endocrinological profile is complex and is still far from being completely understood.   The hypothalomo-hypophyso-adrenal axis is certainly out of whack.   Anorexic adolescents have amenorhea (retarded menses),  lanugo (downy infantile body hair),  bradycardia (slow heart beat) and poor thermoregulation (overly sensitive to temperature changes).

The neurological and neuropsychological profiles are all suggestive of a right hemisphere disorder.   First,  depression itself is more a right than a left hemisphere disorder.   The electroencephalographic, neuropsychological and brain imaging research are all concordant in supporting this point of view.  Also,  electroconvulsive therapy is more effective for depression when applied to the right than the left temporal area.   Second,  body image disturbance is also more often a right than a left hemisphere disturbance.   Less is known about hemispheric asymmetry in the etiology of this particular disorder than is the case for depression.  Nevertheless,  it has been observed that when the etiology is migrainous or epileptic,  the focus is far more often on the right side. Symptoms of neurologically-caused body image distortion are more often observed on the left side of the body -suggesting again a right hemisphere pathology.  Third,  when electroencephalograms of anorexics shows an asymmetry of disturbance (a small minority of cases)  the abnormality is virtually always worse on the right side of the brain.  In a review of such cases which I published with my student Marie-Josée Chouinard,  we found this in 19 out of 21 cases.  Fourth,  metabolic brain imaging of anorexics has revealed more abnormality on the right side.  Fifth, neuropsychological evaluation has consistently revealed a pattern of preserved verbal abilities and mildly "impaired" visuospatial abilities, a profile more compatible, of course, with right hemisphere disturbance.  Not much useful information has been found concerning neurotransmitter physiology in anorexia nervosa.   Of course it is well accepted that serotonin has a lot to do with appetite.    And indeed the only drug treatment that has ever so minimally surpassed the placebo effect in this disorder is tricyclic antidepressants, i.e., serotonin agonists.

If there is any doubt in the readers' mind that there are biological determinants of anorexia nervosa,  then a review of the genetics of the disorder will surely do the trick.   Several studies have been carried out on family pedigrees of patients with anorexia nervosa.    The disease certainly does run in families.  The disease is probably polygenic (like most psychopathologies) because a) the pattern of transmission is incompatible with a Mendelian (single gene) model (25% of descendants present the trait if the gene is recessive or 50% if the gene is dominant),  and b) there is a spectrum of disorders in the family tree.  Right after anorexia,  depression is the most frequently noted disorder,  followed by the obsessive-compulsive syndrome.    Family studies are important for genetics,  but they are not as important as twin studies.   Indeed, it is always conceivable that a disorder like anorexia runs in families simply because stress or some other anorexia-inducing set of lifestyle variables also runs in families.  Because homozygotic twins share 100% of their genes,  and dizygotic twins share 50%,  the comparison of concordance rates (for anorexia for example) in the two types of twins tells us a great deal about the extent to which a disease is hereditary.  And we are far less likely to be tempted to explain a DIFFERENCE in the concordance rates by a DIFFERENCE in lifestyle variables. If the identical twins have very high concordance,  and the fraternal twins have much lower concordance,  then a trait is likely to be strongly inherited.  In fact,  the comparison of these two types of twins can actually generate a quantitative estimate of the proportion of a trait that is hereditary (as opposed to environmentally determined).   Only recently has a large series of such twin pairs been studied for anorexia.  At least one twin of each pair had to have anorexia to be included in the study.    The authors found that the heritability was amazingly high (80%),  higher than most biological traits such as blood cholesterol level,  serotonin physiology,  life expectancy, etc.    

The fact that anorexia presents itself as an exacerbation of female-typical behavior is summarized in table 10.

Table 10

Summary of gender-typical traits exacerbated in the anorexia nervosa syndrome

	1) it is an internalizing disorder

	2) it is a stress-related disorder

	3) the main co-morbidity (depression) is female-prevalent

	4) its' onset is around puberty and adolescence

	5) it is certainly influenced by hormonal changes occurring at that time

	6) morbidity is centered around female-typical concerns such as body appearance

	7) the sex drive is abnormally low

	8) the right hemisphere is more affected than the left

	9) visuospatial functions are more affected than the verbal

	10) more evidence points to serotonin mediation of the disorder than to mediation by any other neurotransmitter


A vignette on a case of anorexia nervosa
Alessi and his colleagues described case AD in a 1989 issue of the Journal of the American Academy of Child and Adolescent Psychiatry.   At age nine, her 25-pound (35%) weight loss (bringing her to 52 pounds) brought her to medical attention.  This is a very early onset and a severe expression of the disorder.   She was extremely concerned with being fat, had lost interest in outside activities and friends, suffered energy loss,  couldn’t concentrate and was suicidal.   She had been a very sociable straight-A student.  Her parents unsuccessfully tried to prevent her from dieting.    She did not binge and purge (bulimia),  and no use of laxatives or dieting pills was noted,  but she often voluntarily vomited her food.   She had been very anxious about preschool (separation anxiety).   She belonged to an over-achieving perfectionistic family.   She was hostile to medical intervention and even more so to psychotherapy   -which was nevertheless imposed,  in addition to coercive feeding with careful surveillance.   She scored very high on tests of depression and of eating disorder.   She had an IQ of 130 despite her poor health at the time of testing,  which was during her hospitalization.    Several of her hormones were in a state of imbalance.    The treatment was effective in producing weight gain, redressing her hormonal imbalances,  and lifting her depression.  

Psychopathy as a pathological prototype of masculinity.  The best way that I can think of to summarize psychopathy is "extreme cruelty in the service of one's desires".    Anybody who would embark on a career of "extreme cruelty in the service of one's desires" would have to lack remorse, have little empathy,  have strong desires.    Psychopathy is,  by definition, an adult disorder.  Indeed some of the diagnostic criteria for its identification suppose it (sexual promiscuity,  protracted criminality, etc.).  However,  the roots of the disorder are always observed very young.  Retrospective investigations of cases of antisocial personality have found that these people were atypical even as infants.   Indeed,  they were remembered by their mothers as having difficult temperaments even before they could talk:  excessive crying,  capriciousness,  unpredictability of affiliativeness, inconsolability, etc.   The preschool form is called oppositional syndrome.   The child is demanding,  manipulative, pig-headed, vengeful, troublesome, impulsive, self-serving,  destructive, disrespectful.    During the school years,  if the disorder persists, it is given a new name and is called conduct disorder.   It then includes truancy, stealing,  hurting people or animals,  lack of remorse.   If the disorder persists into adolescence,  the disorder typically changes names again and is called antisocial personality.  This is where persistent delinquency or even criminality come in,  and the moral structure now appears clearly deviant:   the antisocial child feels no indeptedness or commitment or caring to his parents,  to people he knows or to strangers.   In late adolescence or adulthood,  if the disorder persists,  it is termed psychopathy.   Only the severest cases reach this stage.   The psychopath is impervious to punishment,  is a career criminal,  is an extremely effective and intense manipulator,  and is profoundly immoral in all of his interpersonal relations -which are usually short lived.    The cost-benefit assessment he makes of his antisocial behaviors is extremely biased in favor of his own immediate personal benefit.  He will go to any extreme to procure pleasure for himself,  even very short lived and superficial,    -including murder.
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Figure 13.   Psychopathy is an individual pathological condition which comprises elements of brain dysfunction.    However,   psychopaths tend to loosely associate with each other.   One manner in which this is done is via criminalized motorcycle gangs.   A whole industry has developed around some of these gangs,  including the widespread sale of offensive paraphernalia.  Glorification of random murder on a leather badge to be sewn onto a leather jacket is an example of such lore.    However,  the most inspired such icon (image/object), I think,  is the famous FTW belt buckle.      What could be more quintessentially psychopathic than the expression “fuck the world” ?


The most frequent co-morbidity of psychopathy is childhood hyperactivity. The co-incidence of antisocial personality and hyperactivity has been estimated to be situated anywhere from 18% to 60%  -depending on methodological issues which are very difficult to standardize in such research.   At any rate, it is widely agreed that the most common co-morbidity,  by far,  is indeed hyperactivity.  A recent study investigated the neuropharmacology of aggressive and non aggressive hyperactive boys.   The aggressive boys were found to have a much lower prolactin (serotonergic) response to fenfluramine,  again supporting the indication to the effect that low brain serotonin activity favors violent behavior.  Of course, to the extent that alcoholism or drug addiction can be considered a psychopathology (which in my opinion, they can) these are also frequent co-morbidities. Psychopaths are never depressed,  not even when they are put away for life in a penitentiary.   

The endocrinological profile of psychopaths is simple to understand.  They have significantly higher levels of circulating testosterone than do normal controls.   A multitude of different research approaches have made this point    -urine, saliva and blood serum studies of large normal cohorts comprising men scoring low or high on psychological scales of aggressiveness or antisocial personality, studies of recidivist criminals,   studies of violent military personnel, histological (tissue) studies of male homicide victims in large cities (most of whom are criminals),  and of course, studies of urine, saliva, blood serum, and even of cerebrospinal fluid of antisocial youngsters and recently,  of formally diagnosed psychopaths.   The link between high circulating testosterone and psychopathy (or character disorder) may be two-pronged:   the high testosterone level may favor not only increased aggressiveness and but also sexual promiscuity.  Indeed,  both traits are known to relate to testosterone level in normal men.   Furthermore,  both traits are present in the extreme in psychopaths.  Robin Baker reported in 1997 that in one of his studies the testis size of men who engaged in extramarital sex was significantly larger than the testis size of men who were faithful to their spouse.  The research involved 80 student volunteers and a pair of a calipers.   Dr Baker asked volunteers to measure the size of their left testicle, using a set of plastic calipers supplied for the purpose. They were also asked to reveal their sexual experiences, and to retain evidence of sperm volume by using condoms and recovering them without spillage after sex. Plainly, this was not a project for the shy and retiring.  The results, Dr Baker said, showed that 12 of the 80 had been unfaithful to their partners over the period of the study, and that this was correlated with the size of their testes.  Testes size varies greatly in men. In the study, the smallest was a diminutive eight cubic centimetres (though Dr Baker conceded there may have been a measurement error) while  the largest was 52 cubic centimetres. The average was 24 cubic centimetres.   Measurement of the sperm ejaculated showed that men with bigger testicles produced more. Assuming the results are correct, the study raises the question of why there should be so much variation in testicle size, and why both patterns of behaviour should have survived through evolution.  Study of closely related primates gives a clue.  The uxorious gorilla, which mates for life, has very tiny testes, while the promiscuous chimpanzee sports remarkably large ones.  The human male lies between these two extremes, suggesting  that his behaviour pattern may also be intermediate.  Dr Baker pointed out that for both the faithful and the faithless pattern to have persisted through evolution, both must be equally "fit" in terms of ensuring that the male's genes are passed on.   He argues that promiscuous men spread their sperm as widely as possible by mating with many women. But they are not around to help to bring up their children, who therefore have a lower chance of survival. The faithful, on the other hand, impregnate fewer women but, because of their stable relationships, are more likely to see their children grow up to pass on their genes to a further generation. Thus both approaches can work and remain part of human experience.  How typical of normal men are a group prepared to submit  their bodies and their sex lives to this kind of scrutiny? "Well, they're students," says Dr Baker. "In fact, their level of  unfaithfulness seems about right, judged by the results of  other surveys."  There is another example of testis size being related to number of sexual partners, namely seasonally breading species such as macaques.  The male testes wax and wane in response to environmental cues.  When the testes are small, they are sexually inactive (even if artificially presented with a sexually active female).  When the testis recrudesce they become sexually active.  In a posting on the internet,  Kim Wallen reported recently that « one of the adult males in one of our social groups was missing one morning early in the breeding season.  I went to the vet and asked where Cp was and was told he had a testicular infection "his balls were all red and swollen and he had to walk bow legged, they were so painful".  I informed the vet, who hadn't seen a rhesus monkey breeding season before, that Cp was just coming into breeding condition and that this was perfectly normal.  Fortunately, they had not yet castrated him to save his life ».  Wallen believes that the initial causal direction is from the change in testis size to increased mating because we also know that the exact output of the tests (hormones, not sperm) is also influenced by sexual experience and sexual stimuli in the environment.  Thus male rhesus will undergo a seasonal testicular cycle when isolated from females, but is muted in comparison to the cycle of males in the presence of females.  Similarly, exposing a testicular-regressed male to a sexually active female around the time when the male is about ready to restart testicular function will bring him back to reproductive condition faster.  However, this doesn't work if he is exposed to a female during the depths of regression. As in most things behavioral and endocrinological this is not a simple linear system, says Wallen, but a feedback system, where the hormonal output of the restarted testes do affect the male's sex drive and thus the likelihood that he will seek out sexually stimulating situations, which in turn increase his testicular output even more. Whether the comparative correlation between testis size and mating system reflects a vestige of this regulatory system and that this varies between males of different species has not been addressed.  One of the principle reasons that male testes change in size seasonally is due to activity or inactivity of the Leydig cells which produce testicular steroids.  Thus testis size is as likely to reflect the amount of testosterone secreted as it is the number of sperm in each ejaculate,  says Wallen.  As for me,  I am not venturing to state that psychopaths have larger testes than normal men (as I do not believe this has yet been investigated),   but I would not be surprised if such were the case.

The neuropsychology and neurology of psychopathy places the disorder squarely into the male axis of turbulence disorders (hyperactivity, Tourette's disease) rather than in the male axis of left hemisphere disorders (dyslexia, stuttering, developmental dysphasia).     Studies which have set out to investigate hypotheses of left hemisphere or right hemisphere dysfunction have not been conclusive either way.   However,  studies which have set out to explore the hypothesis of a general frontal lobe syndrome have been more successful but not outstandingly so.  On the other hand,  these early studies weren't targeting any sub-area of the frontal lobes.   Only recently have studies been carried on psychopaths,  showing that functions reputed to be frontodorsolateral are in fact intact in psychopaths,  whereas functions reputed to depend on the basal frontal cortex (the part situated just above the eyeballs) are defective.    Psychopaths are deviant  in their response to the balance of reward and punishment  contingencies on standardized procedures.  They are impulsive (make commission errors) on tasks well designed to draw out excesses of such behavior.   They are prone to breaking simple rules on paper and pencil tests.   While these findings are suggestive of an orbitofrontal deficit,  they are not conclusive.  In fact,  they are nearly tautological (circular)  in the sense that psychopaths are impulsive and rule breakers by definition,  so it should be hardly surprising that they should behave likewise in testing situations.  On the other hand a new finding has helped break out of the tautology.   It is known that the olfactory neurons most important for identifying odors verbally are situated in the orbitofrontal cortex,  and to some extent in the median temporal lobes as well.   Now psychopathic prisoners could be predicted to have a deficit in odor discrimination.   However it is important to also show that they do not have a deficit attributable to the olfactory mucosa due to cocaine sniffing,  a practice which is known to occur even in prisons.   

Student’s tribune:  Psychopathy as an orbitofrontal syndrome
Such a study has indeed been carried out by a student of mine,  Dominique Lapierre.  Psychopaths had a significant difficulty in identifying odors  (an orbitofrontal task),  compared to non-psychopathic prison mates, and yet they had no problem distinguishing odor intensities (a task which does not require the contribution of the frontal cortex,  but rather the olfactory mucosa and the subcortical neuronal olfactory network).  This particular finding with respect to oder discrimination is telling:  indeed here as elsewhere the male psychopath simply presents an exacerbated male profile.  Recall that normal women outperform normal men on odor discrimination tasks.  In fact,  they do so on exactly the same test,  namely the The University of Pennsylvania Smell Identification Test (UPSIT).  One particularly meaningful aspect of orbitofrontal function is its modulatory effect on the limbic system,  including on hypothalamic function.   An orbitofrontal disturbance in psychopathy could explain the emotional deficit of these people as well as the remarkable fact that their galvanic skin response (GSR) to punishment or aversive stimulation is abnormally flat.   The GSR response is mediated, among other things,  by the sympathetic branch of the autonomic nervous system,  an outlet for the expression of emotions.    This surely has something to do with the formidable nerves of steel that psychopaths are known to have.

Quite a few studies have investigated neurotransmitters in people variably classifiable as severely antisocial or psychopathic.   Several abnormalities have been found.    One finding which has consistently been reported is that of low serotonin metabolism.  This has been found in urine, blood and cerebrospinal fluid.   Even the usual hormonal responses to serotonergic drugs is dampened in psychopaths.  A recent study found that the 5-HIAA metabolite of serotonin is abnormally low in newborns of people with a family histroy of antisocial personality  -suggesting that this brain anomaly is an important hereditary cause of antisocial behavior.  Another consistent,  but less frequently documented finding is of high dopamine metabolism.  This is the typical profile of aggressive animals and aggressive humans,  these two neurotransmitters being antagonists one of the other.   For a brief moment while the scientific community was in an uproar of excitement when one team of researchers found that a mutant allele on chromosome 11 known to modulate the D2 dopaminergic receptor was frequently present in alcoholics' and psychopaths' cell samples.   The finding was,  within a very short period of time,  tested by several independent laboratories.  There were more refutations than replications,  so the breakthrough was probably a false alarm, as often happens in scientific research.  New evidence is now indirectly suggesting that a mutant gene controlling the metabolism of the D4 dopaminergic receptor  might be involved in psychopathy.  However,  dopamine metabolism is a very complex affair, and we are far from a conclusion in psychopathy research.   Finally,  the story on noradrenalin is still up for grabs.  For one thing, two types of noradrenalin receptors, the alpha type and the beta type, seem to have opposing neurocognitive-behavioral effects,  so that measurement of noradrenalin itself may be misleading or inconclusive.  At any rate,  psychopaths seem to have high levels of noradrenalin,  but specific investigation of noradrenalin as a function of receptor types really needs to be done.

There are probably a lot of people who think that psychopathy is learned or that it is entirely environmentally determined.   People who believe such a thing will also typically believe that depression,  anorexia nervosa,  or even schizophrenia are also just culturally caused behaviors.  The culturalistic explanation (when you don't look closely at the relevant detailed information)  makes easy sense.   If you are depressed,  its because something sad happened to you.  If you are anorexic its because skinny is beautiful in the media.  If you are schizophrenic some horrible thing happened to you that drove you bonkers.  If you are psychopathic,  your parents were cruel to you.   This is certainly how the victims of these disorders spontaneously interpret their own predicaments.  And if you look for such a thing,  you will always think you found it.  To make things worse, ignorant or predatory professionals spend years convincing these unfortunate people to dig into their past (at great expense in fees) to find what the cultural "trigger" might have been.   Now here is my point of view on this issue.   People's experience certainly can be morbid, and can help push them into psychopathology.  But for the disorders I have just mentioned,  these stressful or morbid incidents  (incest, parental brutality, etc.) are not enough.  There has to be a congenital, usually hereditary, predisposition.   Psychopathy is no exception.  Psychopaths are often raised by parents who also manage to raise a perfectly socialized child as well.   Psychopathy runs in families. Psychopathy,  like anorexia nervosa,  is associated with a wide spectrum of mental disorders observed in the family pedigrees (hyperactivity, Tourette's disease, alcoholism and gambling, and even bipolar affective disease).  It does not seem to be transmitted via a Mendelian (single gene) mechanism,  but rather polygenetically.  A recent estimate based on 2,682 twin samples arrived at a heritability estimate for character disorder of 71%,  which is very high.  Character disorder is a typical precursor of psychopathy.   There have even been studies of monozygotic and dizygotic twins raised apart.  This makes sure that there is not some esoteric family dynamic affecting identical twins differently from fraternal twins.   These studies give the same results as studies of twins raised together.   It does not surprise me that this is in fact the case.  Such an esoteric dynamic of identical twins is very rare.  One form is called symbiosis  -wherein the two identical twins create a schizoid world for themselves because of excessive affinity one for the other.   In the case of psychopaths,  this would be extremely unlikely  -since human affinity is not much a part of their basic vocabulary.  

The fact that psychopathy presents itself as an exacerbation of male typical behavior is summarized in table 11.

Table 11

Summary of gender-typical traits exacerbated in the psychopathy syndrome

	1) it is an externalizing disorder

	2) it is not a stress-related disorder and psychopaths are very hard to stress

	3) the main co-morbidity (hyperactivity) is male-prevalent

	4) its' onset is in the pre-school years

	5)  morbidity is centered around male-typical concerns such as sensation-seeking, sex, gambling, violence, monetary gain

	6) circulating testosterone is abnormally high

	7) the sex drive is abnormally high

	8) the right hemisphere is not more affected than the left,  but the basal frontal systems seem to be disordered in a manner which is an exageration of a normal sex difference

	9) more evidence points to excess dopamine mediation of the disorder than to mediation by any other neurotransmitter,    although serotonin metabolism seems to be abnormally low


A vignette on a case of necrophyliac psychopathy

 In 1979,  Selwyn Smith and I published a neuropsychological case study of DP, a patient of mine, who was a sadomasochistic murderer and necrophyliac (lover of corpses).  He was raised in a broken, dysfunctional, violent family.  He became a recidivist petty thief and multiple sex offender.   When evaluated in his thirties he had numerous neuropsychological deficits and was extremely psychologically disturbed. Among many other psychopathological characterizations that would apply to him (dissociative hysteria,  obsessiveness, paraphylia, organic brain syndrome, episodic dyscontrol syndrome, etc.),  the outstanding label would have to be psychopathy.  He was an extremely remote and cruel man.  He would have unprovoked fits of destructive rage.  He began being fascinated and obsessed by death  from early puberty on. His sexual fantasies included sexual assault,  and strangling of the woman he was copulating with.   He had found several compliant partners.  He managed to gain employment in a hospital morgue,  and copulated with some of the female corpses he found there. His last victim did not survive the sexual strangulation,  leading him to life imprisonment.   He  frequently dreamed of sexual assault,  and enjoyed those dreams.  I was impressed in particular by one of his dream accounts.   He dreamed he was dead,  in  a coffin,  and that the universe around him was entirely white and immobile.  This brief fantasy may have been this man’s single opportunity,  in his whole life, of being at peace with himself.    

 Chapter 11

Gender differences in cerebral laterality:  toward a synthesis  

Why review cerebral laterality ? The one most important theme in human neuropsychology has to be hemispheric specialization.   This is surely the topic most published on in the field.  The neuropsychology of gender is no exception to this rule.   I believe there are basically two general effects of sex hormones on development of the cerebral hemispheres:  relative developmental integrity of lateralized brain systems,  and relative functional encapsulation of the hemispheres.    These are two rather large chunks to swallow,  and they draw upon pieces of information I have sprinkled throughout the preceding chapters.  I feel that the reader might have trouble, as I have had,  integrating such disparate information.  So I have built as coherent a story as I could on this topic which I present next.

There are gender-specific sex steroid receptor asymmetries in the brain. We have very little knowledge of gender differences in ways the brain responds to sex hormones.   All we know is that there are asymmetric differences in the distribution of estrogen receptors in the rat brain, and in androgen receptors in the monkey brain.   Nothing is known about putative asymmetries of such receptors in the human brain,  let alone of gender differences.  Yet this is where it all starts.   I suspect that such asymmetries exist in the human species.  I also expect that we will find,  with research to come,  that such asymmetries are an important part of a gigantic developmental cascade leading to gender-specific anatomical hemispheric asymmetries and neurotransmitter asymmetries which play a more direct role in the functional particularities of each sex.   In short,  research on prenatal gender differences in sex steroid receptors in the brain ought to be a top priority for future research into the neurobiology of sex differences.

There exists at least one gender-specific neurotransmitter asymmetry in the human brain.   Indeed,  it has been found that there is a greater hemispheric asymmetry of serotonin in women,  with more serotonin being found in the right hemisphere. There are numerous lines of evidence proving that sex hormones substantially influence the deployment of brain neurotransmitters,  in humans and in other mammals.  There are three main channels by which this occurs:  the prenatal (structural), the pubertal (activational) and the post-pubertal (physiological: menstrual cycle,  hormone therapy, pregnancy, menopause, gonadectomy, and so on).  Gender-specific neurotransmitter asymmetries in the human brain are far from having been fully explored.  Serotonin is clearly the most outstanding neurotransmitter in the neuropharmacology of human sex differences.  It is closely involved in a large number of gender-specific behavioral,  and even pathological states.   There is a great deal of evidence that asymmetry of this neurotransmitter in the cerebral hemispheres could be germane to these behavioral traits and disorders.  This field ought also to be a top priority in future research on the neurobiology of sex differences.   

There are gender-specific functional auditory and visual cognitive-perceptual asymmetries.  Indeed, men are more functionally lateralized than are women,  and this sex difference is detectable as early in development as the techniques permit.   The estimation of hemispheric specialization in cognitive function is a very slippery affair.  It is subject to effects of cognitive style and to numerous artifacts.   Nevertheless,  the very large number of replications of dichotic listening and tachistoscopy findings (and more recently of PET-scanning studies) leaves no doubt that there exists a sex difference in the way the hemispheres control higher order cognitive processes.   Effects of lateralized brain lesions on verbal and performance IQ and on language measures also confirm the inferred sex difference.   Greater hemispheric specialization in males is not only observed in humans.  It is male-specific in bird song,  and it is clearly present in rat spatial discrimination.   There are also several pieces of evidence that prenatal and even postnatal sex hormones determine most of these sex differences in humans.  For example, incompletely masculinized men or overmasculinized women seem to present a profile on such tasks which is not specific to their own gender or even resembles that of the opposite gender.  And these profiles vary as a function of natural or pathological hormone changes and/or manipulations.  Since it is the male who has the greater hemispheric specialization,  and since the masculinizing developmental cascade is a relatively late event in fetal life,  there may be a fundamental effect of testosterone on the development of the brain which consists of an encapsulation of hemispheric function,  so to speak.   Very little is known about the actual brain physiology of this phenomenon,  and this ought to be a matter of high priority in future research.   However,  we should not just study testosterone as if it were sufficient for the launching of sex differences.  We have discovered enough important estrogen-modulated sex differences,  unfortunately nearly all limited to findings related to the menstrual cycle,  to want to find out more about trophic prenatal influences of that particular hormone on the brain.

There are gender-specific macroanatomical hemispheric asymmetries.  The planum temporale (superior temporal lobe surface),  one of the cortical areas most important for the understanding of speech, may be proportionally larger in women than in men.  Such a basic difference in volume of a large part of the brain would be determined prenatally of course.   Also,  since the cortical tissues of the various lobes and parts of the lobes differ in types of neurons composing them,  massive volume differences such as the one just mentioned would most likely entail cellular and also neurotransmitter differences between the sexes.   At any rate,  the particular major brain lobular difference I have just mentioned, alone would predict that women ought to have superior verbal abilities.  And it argues that if any hemisphere seems to have been conferred a cognitive advantage in the female sex,  it is the left.

There are gender-specific motor asymmetries.   The most famous and recognizable of the gender-specific motor asymmetries is male preponderance of left handedness.  This is likely to be a rather direct effect of a localized left hemisphere anatomo-physiological advantage of humans of the female sex.   Indeed,  to the extent that women are more often right handed,  then they are more often left hemisphere dominant for this major aspect of motricity.  Besides,  left handers in general, irrespective of gender,  have more symmetric plana temporale than do right handers,  and they have language installed in their right hemisphere more often (about 30% of the time as opposed to about 2% of the time for right handers).  The gender difference in handedness is manifest as early as the trait can be measured (early childhood),  but it certainly seems to be prenatally modulated by sex hormones among other things.  Partial prenatal masculinization of human females brings with it a higher incidence of left handedness.   

There are gender-specific hemispherically specialized cognitive asymmetries.  Basically,  the more frequently reported advantages of women are in the verbal domain whereas the more frequently reported advantages of men are in the visuospatial domain.   Here again,  we have evidence of some sort of superiority of a part of the left hemisphere in women.  But interestingly,  we have the first indication of a superiority of a part of the right hemisphere of men.   The right hemisphere superiority of men would be a wild card hypothesis if there did not exist concurrent indications across species and across functions.  But such indications have accrued.  Male animals of numerous species whose ecological niche calls for more male route finding also have a right hemisphere visuospatial superiority -which seems to involve larger hippocampi.    And the determination of this particular sex difference is clearly a matter of prenatal sex hormones.  As for concurrent evidence from other cognitive domains,  we are in  dire need of metabolic brain imaging studies of gender differences on these various cognitive tasks.  In the meantime, the best evidence presently available comes from neuropsychiatry   -a database which I review next.      

Neuropsychiatric diseases are hemispherically lateralized in a gender-specific manner.    There is good evidence pointing to a constitutional weakness of parts of the right hemisphere in women causing or associated with some of the female-prevalent neuropsychiatric disorders.  Evidence of this sort fits well with the major female-prevalent disorders, especially anorexia nervosa, and perhaps also depression.  Research on post-lesion depression and recent PET and MRI studies of « congenital » depression suggest a greater left  hemisphere problem.  However,  research based on EEG,  neuropsychology and lateralized electroconvulsive therapy suggest more of a right hemisphere problem.  The right   hemisphere appears to me to be a better candidate for containing a serotonin anomaly leading to depression  -but that remains to be determined.  Serotonin-treatable disorders are far more prevalent in the female sex,  a fact that is compatible with the known asymmetry of that transmitter in women.  The story is not so clear in the case of boys or men however.  There is thin evidence of  a weakness of parts of the left hemisphere in boys, perhaps associated more with neurological developmental disorders.    This could explain male-prevalence of dyslexia, stuttering,  and language delay.  However,  most neuropsychiatric disorders of boys or men cannot be ascribed to left hemisphere dysfunction,  certainly not hyperactivity, psychopathy or autism -at least not at this stage of our investigations.  Antidopaminergic-treatable disorders are more prevalent in the male sex,  and some of these seem to involve more of a left hemisphere dysfunction (juvenile schizophrenia,  stuttering) but others seem to be associated with noradrenergic abnormality which could be involved in the pathological turbulence which characterizes them (hyperactivity,  psychopathy).  These disorders are either associated more with right hemisphere dysfunction or are not lateralized at all.
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Figure 14.  Though the left and right hemispheres of the brain look exactly alike upon cursory visual inspection,  they play very different roles in mental life and behavior.   In one instance,  namely speech,  only one hemisphere (the left) is capable of generating the behavior.  In all the other instances however,  hemispheric specialization is relative,  less drastic.


In short,  gender differences in hemispheric organization and processing generally seem to result from sex hormone influences on the brain occurring throughout the life span.  Neurotransmitters are probably a very important channel not only for the developmental trophisms involved,  but also directly for the expression of the various sex differences in the actual psychological processing going on in the brain hemispheres.   The sex hormones modulate not only differences in ability relating to the hemispheres,  but also asymmetries in a set of fragilities of the hemispheres.  Not only does testosterone (prenatal and postnatal) seem to influence functional encapsulation of hemispheric processing,  but it may favor the proficiency and robustness of certain right hemisphere systems.   In the absence of testosterone (or in much lower concentration)  the opposite profile is obtained -also under the influence of other sex hormones,  estrogen probably being an important contributor.

Chapter 12

Conclusion
What are the general conclusions that can be drawn from the study of the neurobiology of sex differences ?   Is one sex superior to the other ?  Are the two sexes very different ?   Are everyday particularities of gender-specific behavior, those that are subjectively important to us,  determined by neurobiological differences ?    

There are several indicators used by biologists to estimate the “successfulness” of a given species.  These indicators can be surprisingly different from indicators that we could imagine of psychological, economic,  or political successfulness of a given sex.    For example,  “biomass” is one of the biological indicators:  the more a species weighs heavily in the total mass of living beings,  the more it is considered successful.   Insects score very highly on such an indicator.   If this indicator were applied to the two sexes of the human species,  it is not clear to me which one would come out the winner.  For one thing,  women weigh less than men -but so what?   Secondly,  in underdeveloped countries,  women live shorter lives than men,  whereas in developed countries the reverse is observed.    Altogether,  there is probably not much of a biomass difference between the two genders of the human species.    Another biological indicator is number of replicates.   Are there more women than men, or vice versa, on the planet earth?  Again,  there is probably not much of a difference because of the fact that numerous factors enter into play.    As for those differences between the genders that are closer to everyday life,  surely we must be interested in estimating the relative quality of life of each sex.  It could be argued at a very crude level of social analysis that the muscular advantage of men gives them some sort of biopsychological advantage.  When they are in a situation of conflict,  they can use this “advantage” to procure domination over the opposite sex.   I honestly think that while this may have carried some weight in very primitive human societies,  it now represents a disadvantage in societies organized by rule of law.   In such societies, inter-gender violence may lead to prison sentences,  and probably procures little lasting benefit to the offender.  Does muscular advantage procure greater access to the job market?  Not in industrialized societies.  Effort demanding functions are increasingly carried out by machines.  In fact brawn is becoming an anachronism in modern job markets.  One condition for a good quality of life is to not be sick and to not suffer from painful physical conditions.   Again because the equations are so complex,  it seems futile to try to argue for an advantage of one sex over the other.  The male sex is more at risk for infectious and vascular disease,   but these mercifully kill often enough.   The female sex is more at risk for a host of auto immune diseases,  which are not usually lethal but which cause great pain and are endured over very long periods of time.     Women also seem to suffer more from painful mental disorders such as depression,  whereas men are more at risk for the majority of behavioral disorders -which may in fact entail a bit less psychological suffering in the bearer of the disorder.   Again the complexity of the equation does not yield any obvious conclusion in favor of one or the other sex.  Finally,  at a more abstract level,  one could argue that intellectual superiority of one sex would procure it some sort of greater viability in the long term (i.e., a sort of superiority),  making it potentially more adapted to social eminence in a complex developed society.  We have seen that the two sexes are very similar in intellectual potential,  and that there seem to be as many subtle male as female advantages.   Furthermore,  even though there are more male geniuses,  this advantage is canceled by the greater incidence of mental deficiency in the male sex.  I am tempted to conclude that the neurobiology of sex differences does not argue for the biological or psychological  superiority of any one of the two genders.

Though there does not seem to be a transcending neurobiological or psychological superiority of either sex,   it would be misplaced to conclude that there are no neurobiological differences between the sexes.  In fact,  each sex is relatively pre-adapted to its own particular «prehistoric» ecological niche.  Women are deeply biologically pre-adapted to child bearing and breast feeding (and by extension, care of the very young).  Men are biologically pre-adapted to hunting, gathering and territorial defense.   This is the main reason, I think, why  the immune systems,  muscles and brains of men and women are different in their form and in their function.   Though evolutionary pressures must surely have conditioned most of the sex differences covered in this book,   not all biological manifestations are a result of natural selection.  For example, I would be hard pressed to imagine an evolutionary reason why men’s testosterone causes baldness so much more often than occurs in women.  

There are differences in the composition and distribution of brain tissues and of neurotransmitters. Diseases affecting these tissues are not always the same for the two sexes.  This is because the two sexes are hormonally different and genetically different as well,  men being bearers of the XY gonosome pair and women of the XX pair. These biological sex differences definitely affect our everyday lives and behavior in very concrete palpable ways.     The distinct primitive biosocial roles of men and women can be revised and even rebutted by societal decree,  personal choice,  culture,  but their biopsychological consequences generally cannot (the sex change operation for transsexuals being a drastic but rare exception).    Women will continue to have stronger immune systems than men regardless of the type of social arrangement they live in.  They will continue to be more subject to fearfulness and depression when stressed.    They will continue to have easier access to development of certain verbal functions than men.   Men will continue to have higher oxygen metabolism of blood, greater muscle mass,  and will be more naturally prone to aggressiveness and violence.    They will continue to be more at risk for neurological disease and behavior disorders.  And they will have easier access to development of certain visuospatial functions.   

Of course,  there are many socially planned interventions that can be made to counter these basic biological sex differences.    Suppose a society decides that violence is a major problem and that important funds ought to be allocated to combating violence.    By means of extensive programs of education and sensitization,  and perhaps law enforcement  -most of them directed to men,  it can be imagined that the sex difference in violent behavior could diminish.   However,  I insist that a constant flow of expenditure of social resources,  from generation to generation, would be necessary to combat this basic sex difference.   Does this mean that it is futile to make such expenditures ?  Not at all!   The neurobiology of sex differences simply helps inform us of certain of the relevant parameters,  to better understand the challenges that face us,  and to invest wisely in our own future.    

The manner in which each society deals with issues of biologically conditioned sex differences varies tremendously,  and sometimes very mysteriously.   Most often,  concerns of men are placed high on the political and scientific research agendas.  This is not always the case however.  There have been thousands of scientific and clinical research reports on post menopausal estrogen replacement therapy,  and virtually none on androgen replacement for aging men.  Doctors have probably been concerned about the increased risk of cardiovascular disease that androgen replacement therapy might bring about.  But well designed research could possibly find ingenious ways to circumvent this problem.  Adrenal androgens dehydroepiandrosterone (DHEA) and DHEA sulfate (DS) are known to decline severely as senescence approaches.  One study assessed the effect of a replacement dose of DHEA in 13 men and 17 women, 40-70 years of age. A randomized placebo-controlled cross-over trial of nightly oral DHEA administration (50 milligrams) of 6-month duration was conducted.   DHEA and DS serum levels were restored to those found in young adults within 2 weeks of DHEA replacement and were sustained throughout the 3 months of the study.  Not only did this treatment have no discernible medical side effects, but this treatment was associated with a remarkable increase in perceived physical and psychological well-being for both men (67%) and women (84%) and no change in libido. The pharmacological effects in animals such as rodents and rabbits have demonstrated many beneficial effects, for example increased immune function, the prevention of atherosclerosis, cancer, diabetes and obesity, and the improvement of memory. Clinical studies carried out in small groups of  subjects have clearly demonstrated that the administration of DHEA to the elderly increases many hormone levels, including that of insulinlike growth factor-1, (free and total) testosterone, dihydrotestosterone, oestrone and oestradiol. It remains to be clearly defined whether these changes are clinically beneficial, and there is only insufficient information on the side-effects on long-term use. A judgement on whether DHEA replacement has a place in preventing age-related disabilities could be determined only on the basis of results from studies of long-term DHEA replacement in elderly people (see Nippoldt et al, 1998).
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