Title: Sex differences in brain structure and function

Abstract

The essay discusses the implications of having a “male brain” or a “female brain”. It highlights sex differences in primarily three areas: structure, function and development of the brain. Functional Magnetic Resonance Imaging (FMRI) & Positron Emission Tomography techniques used in conjunction with knowledge of hormonal influences and continuing studies on the behavioural deficits after damage to various brain regions have provided valuable insights into sex differences in the brain

Introduction : Men are from Mars; Women are from Venus goes the popular saying. You don’t have to be a Noble laureate to figure out that women and men differ in their physical attributes and reproductive function. Sexual dimorphism refers to "any consistent difference between males and females beyond the basic functional portions of the sex organs." (Wilson, 1975). The greatest sexual dimorphism is shown in the measurements for height and weight due to widely practiced gender roles throughout evolution. Greater physical requirements have been placed on men since the age of evolutionary adaptiveness, including hunting and male-male competition. 

Historically, females reared the children and performed less manual labour, so their size was not pressured by natural selection to increase. But what about the organ that controls all activities ranging from breathing to emotion? Bigger-stronger-faster- are there really any differences between female brains and male brains? Differences between female and male brains have generated considerable scientific and public interest. 

Now accumulating research through behavioural, neurological and endocrinological studies shows that there are indeed subtle brain differences between sexes.

Sex differences in the brain begin in the womb. About midway through pregnancy, testicles of a developing baby boy start producing male hormone or androgens                    (testosterone chief among them) which are responsible not only for transformation of the genitals into male organs but also for organisation of corresponding male behaviours early in life. As with genital formation the intrinsic tendency that occurs in the absence of masculinizing hormonal influence, is to develop female genital structures and behaviour. These sex hormones transformed by aromatase enzymes with the brain, bind to brain tissue and begin to transform it. 

Between 18 and 26 weeks gestation, the developing brain is permanently and irreversibly transformed. Israeli scientists Reuwen and Anat Achiron have found that if you do a regular ultrasound examination when a woman is 26 weeks pregnant, you can distinguish between a female from a male brain (Reuwen Achiron, Shlomo Lipitz and Anat Achiron, 2001). 

These lifelong effects of early exposure to sex hormones are characterised as ‘organizational’ because they appear to alter brain function permanently during a critical period in prenatal or early postnatal development. Research with both humans and laboratory animals have revealed that postnatal experiences, even as extreme as castration will not change your brain from male to female or vice versa (Mack, McGovern & Hyde, 1996). 

Structural sex differences in the human brain   

Structural differences between the male and the female brain - sexual dimorphism - has been long detected morphologically in numerous brain structures including cell groups in the area critical to most hormonal, vegetative, emotional and reproductive responses in our behaviour - the hypothalamus, and other deep brain structures.

Almost all studies show that at birth, a boy’s brain is bigger than a girls brain. At birth the average brain of boys is between 12-20% larger than that of girls. The head circumference of boys is also larger (2%) than that of girls (Debakan, A S and Sadowsky, D, 1978). However it must be noted that absolute brain size may not be the best measure of intelligence. 

Researchers at the University of Lausanne in Switzerland have employed computerized quantitative cytological techniques using computer algorithms to measures volume of individual nerve cells and number of connections made by individual nerve cells in specific areas of brain. They have found that “fundamental gender differences exist in the structure of the human cerebral cortex”. (Rabinowicz, Theodore et al, 2002).

MRI scans have consistently revealed that male brains show more hemisphere asymmetry and more white matter. Women have a higher concentration of grey matter in the neocortex (the phylogenetically ‘newer’ part of the cerebral cortex) whereas men had proportionately more grey matter in the entorhinal cortex, one of the ‘older’ areas of the brain (Good, C.D. et al, 2001). The hypothalamus is a one area of the brain with well-documented differences between men and women. It is a tiny structure at base of brain that connects to the pituitary, the master endocrine gland. In men, the preoptic area of the Hypothalamus, which is involved in mating behaviour, is 2.2 times larger than in women and contains 2 times more cells.

 Also the supra chiasmatic nucleus of the hypothalamus which is involved with circadian rhythms and reproduction cycles, is shaped like a sphere in males, and in females its more elongated. 

Functional sex differences in the human brain

Major sex differences in function seem to be in patterns of ability rather in overall level of intelligence (measured as IQ). Two individuals may have differing cognitive abilities within the same level of general intelligence. As a group males do better on visual spatial tasks. Research has indicated that there are genuine between-sex differences in cerebral activation patterns during mental rotation activities even when performances are similar. Women exhibited significant bilateral activations in the intraparietal sulcus (IPS) and the superior and inferior parietal lobule. 

Men showed significant activation in the right parieto-occitpital sulcus (POS), the left intraparietal sulcus and the left superior parietal lobule (SPL). Men showed an additional significant activation of the left motor cortex (Jordan, K et al, 2002).

Another brain difference between the sexes has been shown for speech and certain manual functions. Women incur aphasia (impairment of the power to produce and understand speech) more often after anterior damage than after posterior damage to the brain. In men, posterior damage more often affects speech. 

A similar pattern is seen in apraxia, difficulty in selecting appropriate hand movements, such as showing how to manipulate a particular object or copying the movements of the experimenter

A study published by the American Psychological Association (Carr, M & Jessup Donna, 1997) looks at gender differences in math learning in elementary school and the role social pressure plays in math achievement for adolescents. The study revealed that differences existed in the strategies boys and girls use to solve math problems. 58 first graders (30 boys and 28 girls) were videotaped solving the math problems individually & then in a mixed gender setting. 

Results showed that that by January of their first grade year, gender differences existed but only in the way that the children approached problem solving., not in the number of problems the students solved correctly. In both individual and group settings girls were more likely to use overt methods or backup strategies like counting on counters or counting on fingers – to solve the problems. Boys were more likely to use retrieval – relying on memorized answers – in both individual and group settings

Psychologists have found that females and males use different strategies when they are navigating their way through a route. Women typically navigate using landmarks that can be seen or heard, men are more likely to use abstract concepts such as north and south, or absolute distance. (Sandstrom, Kaufman and Huettel, 1998).

Explanations of sex differences in spatial performance in terms of biological factors are both indirect as evidenced by evolutionary speculations about different selective pressures on males and females when navigating in the environment, and direct in the demonstration that sex hormones play an important role in organising a variety of sexually dimorphic behaviours. For instance sex hormones have been shown to be important in mental rotation performance, independently of differential experience.

Lexical – decision (LD) tasks have consistently revealed sex differences. A study was carried out to examine whether there was a difference in functional activation pattern between the sexes for a lateralized version of a lexical decision task and whether there was any correlation in the strength and distribution of neuronal activity with the simultaneous behavioural measure of reaction time. (Rossell, S et al, 2002). Males in the sample showed activation that was more lateralized to the left hemisphere, including the inferior- posterior temporal lobe, fusi-form and lingual gyrus, while women showed 

a) more brain regions activated during the task per se and b) greater right sided activation, especially of the inferior frontal gyrus and inferior posterior and middle temporal gyrus. 

The functional MRI imaging data supported the idea that men and women carry out the same linguistic processes using differently organised neural systems (Pugh, K.R. et al, 1996, Shaywitz, B.A. et al, 1995).

A recent study (Schirmer, A. et al, 2002) has discovered clear differences between men and women in the time course of emotional prosodic processing. Emotional prosody is defined as the ability to express emotions through variations of the human speech such as pitch  contour, intensity and duration( Besson, M, Magne, C and Schon, D, 2002).

The results demonstrated that women base their linguistic expectations on emotional prosody as early as 150 m following visual target onset. By contrast, men do not show any electrophysiological priming effect, but respond faster to positive target words, than negative target words, indicating that men process word meaning independently of sentence emotional prosody.

In adult women, brain activity associated with emotion occurs mainly in the cerebral cortex, whereas in adult men, emotional activity is still ‘stuck’ in the amygdala

(Schneider, F and Habel, Ute, 2000).

Brain differences between the sexes are also highlighted by the way men and women are more prone to certain brain disorders. In his work as director of Cambridge's Autism Research Centre, Baron-Cohen finds that children and adults with autism, and its less severe variant Asperger syndrome, are unusual in both dimensions of perception. Its victims are "mindblind," unable to recognize people's feelings. They also have a peculiar talent for systemizing, obsessively focusing on, say, light switches or sink faucets. Autism overwhelmingly strikes males; the ratio is ten to one for Asperger. In his new book, The Essential Difference: The Truth About the Male and Female Brain, Baron-Cohen argues that autism is a magnifying mirror of maleness. The brain basis of empathizing and systemizing is not well understood, although there seems to be a "social brain," nerve circuitry dedicated to person perception. Its key components lie on the left side of the brain, along with language centers generally more developed in females. 

Baron-Cohen's work supports a view that neuroscientists have flirted with for years: Early in development, the male hormone testosterone slows the growth of the brain's left hemisphere and accelerates growth of the right. Testosterone may even have a profound influence on eye contact. Baron-Cohen's team filmed year-old children at play and measured the amount of eye contact they made with their mothers, all of whom had undergone amniocentesis during pregnancy. The researchers looked at various social factors--birth order, parental education, among others--as well as the level of testosterone the child had been exposed to in fetal life. The more testosterone the children had been exposed to in the womb, the less able they were to make eye contact at 1 year of age. "Who would have thought that a behavior like eye contact, which is so intrinsically social, could be in part shaped by a biological factor?" he asks. What's more, the testosterone level during fetal life also influenced language skills. The higher the prenatal testosterone level, the smaller a child's vocabulary at 18 months and again at 24 months. 

Lack of eye contact and poor language aptitude are early hallmarks of autism. "Being strongly attracted to systems, together with a lack of empathy, may be the core characteristics of individuals on the autistic spectrum," says Baron-Cohen. "Maybe testosterone does more than affect spatial ability and language. Maybe it also affects social ability." And perhaps autism represents an "extreme form" of the male brain. 

Over the course of their lives, 21.3 percent of women and 12.7 percent of men experience at least one bout of major depression. The female preponderance in depression is virtually universal. And it's specific to unipolar depression. Males and females suffer equally from bipolar, or manic, depression. However, once depression occurs, the clinical course is identical in men and women. The gender difference in susceptibility to depression emerges at 13. Before that age, boys, if anything, are a bit more likely than girls to be depressed. The gender difference seems to wind down four decades later, making depression mostly a disorder of women in the child-bearing years. 

As director of the Virginia Institute for Psychiatric and Behavioral Genetics at Virginia Commonwealth University, Kenneth S. Kendler, M.D., presides over "the best natural experiment that God has given us to study gender differences"--thousands of pairs of opposite-sex twins. He finds a significant difference between men and women in their response to low levels of adversity. He says, "Women have the capacity to be precipitated into depressive episodes at lower levels of stress." Women's bodies respond to stress differently than do men's. They pour out higher levels of stress hormones and fail to shut off production readily. The female sex hormone progesterone blocks the normal ability of the stress hormone system to turn itself off. Sustained exposure to stress hormones kills brain cells, especially in the hippocampus, which is crucial to memory. It's bad enough that females are set up biologically to internally amplify their negative life experiences. They are prone to it psychologically as well, finds University of Michigan psychologist Susan Nolen-Hoeksema, Ph.D. Women ruminate over upsetting situations, going over and over negative thoughts and feelings, especially if they have to do with relationships. Too often they get caught in downward spirals of hopelessness and despair. 

It's entirely possible that women are biologically primed to be highly sensitive to relationships. Eons ago it might have helped alert them to the possibility of abandonment while they were busy raising the children. Today, however, there's a clear downside. Ruminators are unpleasant to be around, with their oversize need for reassurance. Of course, men have their own ways of inadvertently fending off people. As pronounced as the female tilt to depression is the male excess of alcoholism, drug abuse and antisocial behaviors. 

Developmental Sex differences in the Human Brain

Differences in brain structure and function just discussed are relatively new findings. By contrast scientists have known for decades that girls develop faster than boys. Major advances in the past two decades has been in the recognition that sex differences in the pace of brain development are of larger magnitude and longer duration than previously thought. First method to measure brain development is anatomic. 

MRI scans to compare development of boys and girls revealed that brain of 17-year-old boy looks like the brain of 11 year old (Caviness, U.S. et al, 1996)

Second way to measure brain development is to measure degree of myelination by MRI scans. Myelin is waxy material that insulates the axons (nerve fibres) whereby neurons communicate with each other.

 A study published in 1994 (Benes, F.M. et al, 1994) revealed that girls brains were 3 to 4 years ahead of the boys’ brains from ages 7-22, the men did not catch up with women until age 29.

A third way to measure brain development is by electrophysiological activity using electro-encephalograms (EEG’s). Anokhin and associates (2000) did a sophisticated analysis of the EEG’s of girls and boys to determine how these EEG’s changed over time and at what point they began to look like adult EEG’s. Anokhin found that EEG pattern of the 17 year old boys resemble those of the 11 year old girls.

Thus there is evidence for sex differences in the brain. It appears that the most important factor in the differentiation of males and females and indeed in differentiating individuals within a sex is the level of exposure to various sex hormones early in life. It is however important to keep in mind that some of the average sex differences in cognition vary from slight to quite large and that men and women overlap enormously on many cognitive tests that show average differences.

 For example, whereas women perform better than men in both verbal memory (recalling words from lists or paragraphs) and verbal fluency (finding words that begin with a specific letter), there is a large difference in memory ability but only a small disparity for the fluency tasks. 

One of the most intriguing findings in adults is that cognitive patterns may remain sensitive to hormonal fluctuations throughout life. Studies at the University of Western Ontario showed that women’s performances at certain tasks changed throughout the menstrual cycle as levels of estrogen varied. High levels of the hormone were associated not only with relatively depressed spatial ability but also with enhanced speech and manual skill tasks. In addition, seasonal fluctuations in spatial ability was also observed in men, their performance was better in spring, when testosterone levels were lower. Whether these hormonally linked fluctuations in intellectual ability represent useful evolutionary adaptations or merely the highs and lows of an average test remains to be seen through research

On the whole, variation between men and women tends to be smaller than deviations between each sex, but very large differences between the groups do exist – in men’s high level of visual-spatial targeting ability for one. Carol Hegstrom, of the University of California has provided an informal perspective on sexual dimorphism of the brain and the dangers of discrimination (Hegstrom, C, 1999). She mentions that scientists must take care in pointing out that men & women overlap in whatever measure is taken.

 The brain is an amazingly plastic organ and as well as women can learn to run businesses, men can learn to nurture and care for children for example. Even in something as clear-cut as height, where obviously most men are taller than women, does not indicate that all men are taller than all women. 

Therefore if a pariticular job requires someone to be a certain height, the candidates for that position should be weighed on an individual basis – not be sex. Simply excluding all women because most women are shorter than men will result in discrimination against some women who would be perfectly capable of doing the job.

She has expressed concerned that evidence of sexual differences may give some credibility to using sex as a criterion for hiring, promotion, education etc, rather than making decisions based on the strengths and weaknesses of an individual. 

Therefore it must be made abundantly clear that individual differences outweigh sexual dimorphisms and that therefore sexual dimorphism should not be used as a basis for discrimination.
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