
        
            
                
            
        

    
		
			THE FEMALE BRAIN
 IS ONE OF THE MOST-TALKED-ABOUT BOOKS OF THE YEAR.

			“I’ve found I can change the conversation at any social gathering by mentioning Louann Brizendine’s book, The Female Brain.”

			—David Brooks, New York Times

			“Feminists should celebrate: Finally someone is taking women’s health seriously and has done a thorough study of the female brain…. Yet undoubtedly this book will make feminists vested in denying sex differences uncomfortable.”

			—Washington Times

			“The author’s greatest gift to her readers is the way she takes us through the stages of a woman’s life to show the influence of hormone levels on every decision.”

			—Los Angeles Times

			“[Brizendine] seamlessly weaves together the findings of innumerable articles and books, both technical and popular, along with accounts of patients she treated at her clinic…. Given the character—and rancor—of our dichotomous approach to the influences of biology and culture, readers likely will be fascinated or angered, convinced or skeptical, according to the positions they have staked out already.”

			—Deborah Tannen, Washington Post

			“Her conclusions will seem like common sense to some and nothing short of heresy to others…. Her ideas are certain to spark controversy from some doctors and social scientists who think books like this undercut women and reinforce old gender stereotypes.”

			—Newsweek

			“Brizendine calls The Female Brain an ‘owner’s manual’ for women, but it’s worth a look for men, too—even though we’re hardwired not to read the instructions.”

			—Toronto Sun

			“Part road map for women looking for scientific explanations for their behavior, part geeky manual for relationship woes…Brizendine is at her best when describing the neurochemical underpinnings of passionate love.”

			—San Francisco Chronicle

			“A wonderful new book…Brizendine’s book shares how women’s brains and hormones cause us to value different things during different stages of our lives, which can affect everything from career decisions to who we fall in love with.”

			—Gannett News Service

			“It’s bloody brilliant…. It’s answered not only the questions that have plagued me for years, but it’s answered questions I hadn’t even formulated yet. I am so not kidding…. I’m just glad to have a book that is not only fascinating, it makes me feel less insane.”

			—The Huffington Post

			“Brizendine lays out the key stages of life in eight juicy chapters, solidly useful wherever you are on her timeline. I wish I’d been able to read ‘Why the Teen Girl Brain Freaks’ at puberty. Of course, knowledge is power…”

			—Bust magazine

			“A trove of information, as well as some stunning insights…While this book will be of interest to anyone who wonders why men and women are so different, it will be particularly useful for women and parents of girls.”

			—Publishers Weekly

			“This book should be required reading for all women, and it wouldn’t hurt for men to give it a glance as well.”

			—Pilot (North Carolina)

			“Brizendine is onto something…. This is going to be a bumpy ride.”

			—William Booth, Washington Post
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			I WROTE THIS book ten years ago to introduce people to another reality—the nature and experience of the female brain. Now, more than ever, in a time of deepening threats to women’s health and welfare, we need to reembrace this profound scientific understanding.

			From the beginning, the public response to the book was surprising and overwhelming. The Female Brain hit the New York Times bestseller list, sold close to a million copies, and was translated into more than thirty languages. It has been a huge privilege for me to travel all over the world to speak and consult with governments, schools, companies, and foundations about the distinctive features of the female brain.

			Just weeks after the book was published in August 2006, ABC News and I produced a groundbreaking 20/20 documentary on the differences between the female and male brains. Now, in 2017, the book has inspired a new feature film—The Female Brain, a romantic-scientific comedy, directed by and starring Whitney Cummings and featuring Sofia Vergara. Documentaries and movies help spread the word. It’s my hope that they will continue to change people’s lives, push the science forward, and reignite this transformative conversation about women’s unique physical and neurobiological reality.

			Over the past ten years, it’s been gratifying to watch the book spark these conversations around the world. Most gratifying to me, however, is the personal impact the book has had on so many readers. I’ve received countless e-mails, letters, and social media comments from women and men across the globe who felt validated reading the book—like this one, posted on my Facebook page by a twenty-eight-year-old woman:

			“I feel so ‘normal’ now after reading The Female Brain. I always thought there was something really wrong with me. You have helped me realize that so many of my thoughts and feelings are OK. It has been such a relief and given me hope and excitement again for my life. I only wish my husband would read it.”

			Or this one, handwritten by an eighty-three-year-old man:

			“I wanted to thank you for writing The Female Brain. I only wish I had had it as a younger man. It would have saved me from many mistakes in my life.”

			Or this e-mail I received from a sixty-one-year-old transgender woman:

			“I have read both The Female Brain and The Male Brain, as I have been transitioning from male to female hormones, and just want to tell you how helpful it has been and that you helped me understand how my mood, libido, and emotions would change going from testosterone to estrogen.”

			Women have been reading and rereading the book for guidance as they pass through different life stages, and men have been reading it as a manual that helps them better understand the girls and women in their lives. I’ve heard from many moms-to-be who want to know more about their brain “on pregnancy hormones.” And I’ve heard from those who are dating or breaking up and desperately trying to make sense of the delicate emotional machinery of a love relationship. I thank all of you who’ve written and hope that my responses have been helpful. Please continue to write me.

			There has also been a great deal of validating research over the past decade. Once controversial concepts about hormones and female reality that led me, in 1994, to found the Women’s Mood and Hormone Clinic at the University of California, San Francisco, are now commonplace and widely accepted. Here is one measure of the change: In 2003, when I Googled the words “the female brain,” only ten results came up. In 2006, when I Googled the same words, thousands of hits came up related to my book, which had just been published. Now, in 2017, a Google search turns up nearly 12 million results on genetics, neuroscience, endocrinology, and female brain development. What used to be taboo—the idea of sex differences in the brain-body-behavior system—is now so accepted that federal research grants insist that investigators study both males and females.

			There are important reasons to explore, for example, the effects of medications on each sex. Not only are women 50 percent more likely to experience adverse drug reactions than men, but many medicines also have different impacts on men and women. In 2013, for example, researchers found that zolpidem (Ambien), one of the bestselling prescription sleep aids, had stronger effects in females—leading the FDA, for the first time, to reduce the standard dose for women to half that recommended for men. On the other hand, women need twice as much morphine to achieve the same degree of pain relief as men. We have a long way to go in medicine and must continue to encourage science and health agencies to pay attention to such differences. Femaleness is not a design flaw.

			Meanwhile, in the United Kingdom, scientists have conducted the world’s largest comparison of the structure of female and male brains. Their imaging studies of the brains of thousands of adult men and women revealed that, on average, regions of the cerebral cortex—linked to consciousness, language, perception, and memory—are significantly thicker in women, while men have greater volume in other brain areas.

			Scientists are also exploring the effects of testosterone and estrogen in social interaction. Testosterone seems to play a role in achieving and maintaining social status. In addition, studies of the empathic bond between mother and child—one of the key factors that make us human—have yielded surprising biological underpinnings. One of my favorites found that pregnancy-related changes in the so-called mommy brain last from two to twenty-seven years. Now that my son is twenty-eight years old, my brain might be free at last!

			In my own field of mental health, new research shows that sex differences in the brain predispose men and women to different neuropsychiatric disorders. We know, for instance, that 80 percent of people with autism are male. On the other hand, women are more vulnerable to anxiety, depression, PTSD, and Alzheimer’s disease. Such sex-specific differences likely originate from genetic, hormonal, and environmental effects on brain connections.

			Despite the differences, however, it’s important to note that male and female brains are more alike than not—and that 50 percent of the highest IQ brains are female. That said, our differences fall on a spectrum—they are not binary. Future studies should pay attention to the millions of individuals who identify as “nonbinary,” “transgender,” or “gender fluid”—an underresearched group that has been neglected by neuroscience and society.

			And even though we’ve come a long way in the past ten years, we have a long way to go. Recently, for example, I attended a neuroscience conference where some of the best and brightest scientists presented their most recent work. Shockingly, almost all the data they presented was based on their studies of male rodents. When questioned about this, the researchers said it was too time-consuming and costly for them to study females because of their more complicated hormones.

			The pain and suffering that results from this inattention to sex differences has been crippling to human health and well-being. This is not the time to stop pushing for a deeper understanding of male and female biological differences, and it is not the time to stop fighting for better health care for women. Women’s health is human health. In this time of great opportunity in medicine, as we commit to reweaving the fabric of health care, we must remember that the well-being of generations to come—men, women, and children—is on the line.

			Please join me in working for more equitable and effective health care for women. And please read, reread, and share this book to increase understanding of the reality, uniqueness, and distinctive contributions of the female brain.

			 

			Louann Brizendine

			Sausalito, California
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			1. ANTERIOR CINGULATE CORTEX (ACC): Weighs options, makes decisions. It’s the worry-wort center, and it’s larger in women than in men.

			2. PREFRONTAL CORTEX (PFC): The queen that rules the emotions and keeps them from going wild. It puts the brakes on the amygdala. Larger in women, and matures faster in teen girls than in boys by one to two years.

			3. INSULA: The center that processes gut feelings. Larger and more active in women.

			4. HYPOTHALAMUS: The conductor of the hormonal symphony; kicks the gonads into gear. Starts pumping earlier at puberty in females.

			5. AMYGDALA: The wild beast within; the instinctual core, tamed only by the PFC. Larger in men.

			6. PITUITARY GLAND: Produces hormones of fertility, milk production, and nurturing behavior. Helps turn on the mommy brain.

			7. HIPPOCAMPUS: The elephant that never forgets a fight, a romantic encounter, or a tender moment—and won’t let you forget it, either. Larger and more active in women.

			

		

	
		
			THE CAST OF
 NEURO-HORMONE CHARACTERS
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			(in other words, how hormones affect a woman’s brain)

			THE ONES YOUR doctor knows about

			

			ESTROGEN—the queen: powerful, in control, all-consuming; sometimes all business, sometimes an aggressive seductress; friend of dopamine, serotonin, oxytocin, acetylcholine, and norepinephrine (the feel-good brain chemicals).

			PROGESTERONE—in the background but a powerful sister to estrogen; intermittently appears and sometimes is a storm cloud reversing the effects of estrogen; other times is a mellowing agent; mother of allopregnenolone (the brain’s Valium, i.e., chill pill).

			TESTOSTERONE—fast, assertive, focused, all-consuming, masculine; forceful seducer; aggressive, unfeeling; has no time for cuddling.

			

			THE ONES YOUR doctor may not know about that also affect a woman’s brain

			

			OXYTOCIN—fluffy, purring kitty; cuddly, nurturing, earth mother; the good witch Glinda in The Wizard of Oz; finds pleasure in helping and serving; sister to vasopressin (the male socializing hormone), sister to estrogen, friend of dopamine (another feel-good brain chemical).

			CORTISOL—frizzled, frazzled, stressed out; highly sensitive, physically and emotionally.

			VASOPRESSIN—secretive, in the background, subtle aggressive male energies; brother to testosterone, brother to oxytocin (makes you want to connect in an active, male way, as does oxytocin).

			DHEA—reservoir of all the hormones; omnipresent, pervasive, sustaining mist of life; energizing; father and mother of testosterone and estrogen, nicknamed “the mother hormone,” the Zeus and Hera of hormones; robustly present in youth, wanes to nothing in old age.

			ANDROSTENEDIONE—the mother of testosterone in the ovaries; supply of sassiness; high-spirited in youth, wanes at menopause, dies with the ovaries.

			ALLOPREGNENOLONE—the luxurious, soothing, mellowing daughter of progesterone; without her, we are crabby; she is sedating, calming, easing; neutralizes any stress, but as soon as she leaves, all is irritable withdrawal; her sudden departure is the central story of PMS, the three or four days before a woman’s period starts.

		

	
		
			PHASES OF
 A FEMALE’S LIFE
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			HORMONES CAN DETERMINE what the brain is interested in doing. They help guide nurturing, social, sexual, and aggressive behaviors. They can affect being talkative, being flirtatious, giving or attending parties, writing thank-you notes, planning children’s play dates, cuddling, grooming, worrying about hurting the feelings of others, being competitive, masturbating and initiating sex.
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			INTRODUCTION
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			What Makes Us Women

			MORE THAN 99 percent of male and female genetic coding is exactly the same. Out of the thirty thousand genes in the human genome, the less than one percent variation between the sexes is small. But that percentage difference influences every single cell in our bodies—from the nerves that register pleasure and pain to the neurons that transmit perception, thoughts, feelings, and emotions.

			To the observing eye, the brains of females and males are not the same. Male brains are larger by about 9 percent, even after correcting for body size. In the nineteenth century, scientists took this to mean that women had less mental capacity than men. Women and men, however, have the same number of brain cells. The cells are just packed more densely in women—cinched corsetlike into a smaller skull.

			For much of the twentieth century, most scientists assumed that women were essentially small men, neurologically and in every other sense except for their reproductive functions. That assumption has been at the heart of enduring misunderstandings about female psychology and physiology. When you look a little deeper into the brain differences, they reveal what makes women women and men men.

			Until the 1990s, researchers paid little attention to female physiology, neuroanatomy, or psychology separate from that of men. I saw this oversight firsthand during my undergraduate years in neurobiology at Berkeley in the 1970s, during my medical education at Yale, and during my training in psychiatry at the Massachusetts Mental Health Center at Harvard Medical School. While enrolled at each of these institutions, I learned little or nothing about female biological or neurological difference outside of pregnancy. When a professor presented a study about animal behavior one day at Yale, I raised my hand and asked what the research findings were for females in that study. The male professor dismissed my question, stating, “We never use females in these studies—their menstrual cycles would just mess up the data.”

			The little research that was available, however, suggested that the brain differences, though subtle, were profound. As a resident in psychiatry, I became fascinated by the fact that there was a two-to-one ratio of depression in women compared with men. No one was offering any clear reasons for this discrepancy. Because I had gone to college at the peak of the feminist movement, my personal explanations ran toward the political and the psychological. I took the typical 1970s stance that the patriarchy of Western culture must have been the culprit. It must have kept women down and made them less functional than men. But that explanation alone didn’t seem to fit: new studies were uncovering the same depression ratio worldwide. I started to think that something bigger, more basic and biological, was going on.

			One day it struck me that male versus female depression rates didn’t start to diverge until females turned twelve or thirteen—the age girls began menstruating. It appeared that the chemical changes at puberty did something in the brain to trigger more depression in women. Few scientists at the time were researching this link, and most psychiatrists, like me, had been trained in traditional psychoanalytic theory, which examined childhood experience but never considered that specific female brain chemistry might be involved. When I started taking a woman’s hormonal state into account as I evaluated her psychiatrically, I discovered the massive neurological effects her hormones have during different stages of life in shaping her desires, her values, and the very way she perceives reality.

			My first epiphany about the different realities created by sex hormones came when I started treating women with what I call extreme premenstrual brain syndrome. In all menstruating women, the female brain changes a little every day. Some parts of the brain change up to 25 percent every month. Things get rocky at times, but for most women, the changes are manageable. Some of my patients, though, came to me feeling so jerked around by their hormones on some days that they couldn’t work or speak to anyone because they’d either burst into tears or bite someone’s head off. Most weeks of the month they were engaged, intelligent, productive, and optimistic, but a mere shift in the hormonal flood to their brains on certain days left them feeling that the future looked bleak, and that they hated themselves and their lives. These thoughts felt real and solid, and these women acted on them as though they were reality and would last forever—even though they arose solely from hormonal shifts in their brains. As soon as the tides changed, they were back to their best selves. This extreme form of PMS, which is present in only a few percent of women, introduced me to how the female brain’s reality can turn on a dime.

			If a woman’s reality could change radically from week to week, the same would have to be true of the massive hormonal changes that occur throughout a woman’s life. I wanted the chance to find out more about these possibilities on a broader scale, and so, in 1994, I founded the Women’s Mood and Hormone Clinic in the Department of Psychiatry at the University of California, San Francisco. It was one of the first clinics in the country dedicated to looking at women’s brain states, and how neurochemistry and hormones affect their moods.

			What we’ve found is that the female brain is so deeply affected by hormones that their influence can be said to create a woman’s reality. They can shape a woman’s values and desires, and tell her, day to day, what’s important. Their presence is felt at every stage of life, right from birth. Each hormone state—girlhood, the adolescent years, the dating years, motherhood, and menopause—acts as fertilizer for different neurological connections that are responsible for new thoughts, emotions, and interests. Because of the fluctuations that begin as early as three months old and last until after menopause, a woman’s neurological reality is not as constant as a man’s. His is like a mountain that is worn away imperceptibly over the millennia by glaciers, weather, and the deep tectonic movements of the earth. Hers is more like the weather itself—constantly changing and hard to predict.

			         

			

NEW BRAIN SCIENCE has rapidly transformed our view of basic neurological differences between men and women. Earlier scientists could investigate these differences only by studying the brains of cadavers or the symptoms of individuals with brain damage. But thanks to advances in genetics and noninvasive brain-imaging technology, there’s been a complete revolution in neuroscientific research and theory. New tools, such as positron-emission tomography (PET) and functional magnetic resonance imaging (fMRI) scans, now allow us to see inside the human brain in real time, while it’s solving problems, producing words, retrieving memories, noticing facial expressions, establishing trust, falling in love, listening to babies cry, and feeling depression, fear, and anxiety.

			As a result, scientists have documented an astonishing array of structural, chemical, genetic, hormonal, and functional brain differences between women and men. We’ve learned that men and women have different brain sensitivities to stress and conflict. They use different brain areas and circuits to solve problems, process language, experience and store the same strong emotion. Women may remember the smallest details of their first dates, and their biggest fights, while their husbands barely remember that these things happened. Brain structure and chemistry have everything to do with why this is so.

			The female and male brains process stimuli, hear, see, “sense,” and gauge what others are feeling in different ways. Our distinct female and male brain operating systems are mostly compatible and adept, but they perform and accomplish the same goals and tasks using different circuits. In a German study, researchers conducted brain scans of men and women while they mentally rotated abstract, three-dimensional shapes. There were no performance differences between the men and women, but there were significant, sex-specific differences in the brain circuits they activated to complete the task. Women triggered brain pathways linked to visual identification and spent more time than men picturing the objects in their minds. This fact merely meant that it took women longer to get to the same answer. It also showed that females perform all the cognitive functions males perform—they just do so by using different brain circuits.

			Under a microscope or an fMRI scan, the differences between male and female brains are revealed to be complex and widespread. In the brain centers for language and hearing, for example, women have 11 percent more neurons than men. The principal hub of both emotion and memory formation—the hippocampus—is also larger in the female brain, as is the brain circuitry for language and observing emotions in others. This means that women are, on average, better at expressing emotions and remembering the details of emotional events. Men, by contrast, have two and a half times the brain space devoted to sexual drive as well as larger brain centers for action and aggression. Sexual thoughts float through a man’s brain many times each day on average, and through a woman’s only once a day. Perhaps three to four times on her hottest days.

			These basic structural variances could explain perceptive differences. One study scanned the brains of men and women observing a neutral scene of a man and a woman having a conversation. The male brains’ sexual areas immediately sparked—they saw it as a potential sexual rendezvous. The female brains did not have any activation in the sexual areas. The female brains saw the situation as just two people talking.

			Men also have larger processors in the core of the most primitive area of the brain, which registers fear and triggers aggression—the amygdala. This is why some men can go from zero to a fistfight in a matter of seconds, while many women will try anything to defuse conflict. But the psychological stress of conflict registers more deeply in areas of the female brain. Though we live in the modern urban world, we inhabit bodies built to live in the wild, and each female brain still carries within it the ancient circuitry of her strongest foremothers, engineered for genetic success but retaining the deeply wired instincts developed in response to stress experienced in the ancient wild. Our stress responses were designed to react to physical danger and life-threatening situations. Now couple that stress response with the modern challenges of juggling the demands of home, kids, and work without enough support, and we have a situation in which women can perceive a few unpaid bills as a stress that appears to be life-threatening. This response impels the female brain to react as though the family were endangered by impending catastrophe. The male brain will not have the same perception unless the threat is of immediate, physical danger. These basic, structural variances in their brains lay the groundwork for many everyday differences in the behavior and life experiences of men and women.

			Biological instincts are the keys to understanding how we are wired, and they are the keys to our success today. If you’re aware of the fact that a biological brain state is guiding your impulses, you can choose not to act or to act differently than you might feel compelled. But first we have to learn to recognize how the female brain is genetically structured and shaped by evolution, biology, and culture. Without that recognition, biology becomes destiny and we will be helpless in the face of it.

			Biology does represent the foundation of our personalities and behavioral tendencies. But if in the name of free will—and political correctness—we try to deny the influence of biology on the brain, we begin fighting our own nature. If we acknowledge that our biology is influenced by other factors, including our sex hormones and their flux, we can prevent it from creating a fixed reality by which we are ruled. The brain is nothing if not a talented learning machine. Nothing is completely fixed. Biology powerfully affects but does not lock in our reality. We can alter that reality and use our intelligence and determination both to celebrate and, when necessary, to change the effects of sex hormones on brain structure, behavior, reality, creativity—and destiny.

			         

			MALES AND FEMALES have the same average level of intelligence, but the female brain’s reality has often been misinterpreted to mean that it is less capable in certain areas, such as math and science. In January 2005, Lawrence Summers, then president of Harvard University, shocked and enraged his colleagues—and the public—when in a speech to the National Bureau of Economic Research he said: “It does appear that on many, many different human attributes—mathematical ability, scientific ability—there is relatively clear evidence that whatever the difference in means—which can be debated—there is a difference in the standard deviation, and variability of a male and a female population. And that is true with respect to attributes that are and are not plausibly, culturally determined.” The public surmised that he was saying that women are therefore innately less suited than men to be top-level mathematicians and scientists.

			Judging from current research, Summers was and wasn’t right. We now know that when girls and boys first hit their teen years, the difference in their mathematical and scientific capacity is nonexistent. That’s where he was wrong. But as estrogen floods the female brain, females start to focus intensely on their emotions and on communication—talking on the phone and connecting with their girlfriends at the mall. At the same time, as testosterone takes over the male brain, boys grow less communicative and become obsessed about scoring—in games, and in the backseat of a car. At the point when boys and girls begin deciding the trajectories of their careers, girls start to lose interest in pursuits that require more solitary work and fewer interactions with others, while boys can easily retreat alone to their rooms for hours of computer time.

			From an early age, my patient Gina had an extraordinary aptitude for math. She became an engineer but at twenty-eight years old was struggling with her desire to be in a more people-oriented career and one that would allow her to have a family life, too. She relished the mental puzzles involved in solving engineering problems, but she missed daily contact with people, so she was considering a career change. This is not an unusual conflict for women. My friend the scientist Cori Bargmann told me that many of her smartest girlfriends dropped science to go into fields that they felt were more social. These are value decisions that are actually shaped by hormonal effects on the female brain compelling connection and communication. The fact that fewer women end up in science has nothing to do with female brain deficiencies in math and science. That’s where Summers really went wrong. He was right that there’s a dearth of women in top-level science and engineering positions but dead wrong in implying that women do not end up in these careers because of lack of aptitude.

			The female brain has tremendous unique aptitudes—outstanding verbal agility, the ability to connect deeply in friendship, a nearly psychic capacity to read faces and tone of voice for emotions and states of mind, and the ability to defuse conflict. All of this is hardwired into the brains of women. These are the talents women are born with that many men, frankly, are not. Men are born with other talents, shaped by their own hormonal reality. But that’s the subject of another book.

			         

			FOR TWENTY YEARS, I’ve eagerly awaited progress in knowledge of the female brain and behavior as I have been treating my women patients. It was only at the turn of the millennium that exciting research started to emerge revealing how the structure, function, and chemistry of a woman’s brain affect her mood, thought processes, energy, sexual drives, behavior, and well-being. This book is a user’s guide to new research about the female brain and the neurobehavioral systems that make us women. It draws on my twenty years of clinical experience as a neuropsychiatrist. It culls from spectacular advances in our understanding of genetics, molecular neuroscience, fetal and pediatric endocrinology, and neurohormonal development. It presents samplings from neuropsychology, cognitive neuroscience, child development, brain imaging, and psychoneuroendocrinology. It explores primatology, animal studies, and infant observation, seeking insights into how particular behaviors are programmed into the female brain by a combination of nature and nurture.

			Because of this progress, we are entering an era, finally, when women can begin to understand their distinct biology and how it affects their lives. We all know from experience that women and men can be astronauts, artists, CEOs, doctors, engineers, political leaders, parents, and child care providers. My personal mission has been to educate interested physicians, psychologists, teachers, nurses, pharmacists, and their trainees to benefit the women and teen girls they serve. I have taken every opportunity to educate women and girls directly about their unique brain-body-behavior system and help them to be their best at every age. It is my hope that this book will benefit many more women and girls than I can personally reach in the clinic. It is my hope that the female brain will be seen and understood as the finely tuned and talented instrument that it actually is.

		

	
		
			ONE
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			The Birth of the Female Brain

			LEILA WAS A busy little bee, flitting around the playground, connecting with the other children whether or not she knew them. On the verge of speaking in two-and three-word phrases, she mostly used her contagious smile and emphatic nods of her head to communicate, and communicate she did. So did the other little girls. “Dolly,” said one. “Shopping,” said another. There was a pint-size community forming, abuzz with chatter, games, and imaginary families.

			Leila was always happy to see her cousin Joseph when he joined her on the playground, but her joy never lasted long. Joseph grabbed the blocks she and her friends were using to make a house. He wanted to build a rocket, and build it by himself. His pals would wreck anything that Leila and her friends had created. The boys pushed the girls around, refused to take turns, and would ignore a girl’s request to stop or give the toy back. By the end of the morning, Leila had retreated to the other end of the play area with the girls. They wanted to play house quietly together.

			Common sense tells us that boys and girls behave differently. We see it every day at home, on the playground, and in classrooms. But what the culture hasn’t told us is that the brain dictates these divergent behaviors. The impulses of children are so innate that they kick in even if we adults try to nudge them in another direction. One of my patients gave her three-and-a-half-year-old daughter many unisex toys, including a bright red fire truck instead of a doll. She walked into her daughter’s room one afternoon to find her cuddling the truck in a baby blanket, rocking it back and forth saying, “Don’t worry, little truckie, everything will be all right.”

			This isn’t socialization. This little girl didn’t cuddle her “truckie” because her environment molded her unisex brain. There is no unisex brain. She was born with a female brain, which came complete with its own impulses. Girls arrive already wired as girls, and boys arrive already wired as boys. Their brains are different by the time they’re born, and their brains are what drive their impulses, values, and their very reality.

			The brain shapes the way we see, hear, smell, and taste. Nerves run from our sense organs directly to the brain, and the brain does all the interpreting. A good conk on the head in the right place can mean that you won’t be able to smell or taste. But the brain does more than that. It profoundly affects how we conceptualize the world—whether we think a person is good or bad, if we like the weather today or it makes us unhappy, or whether we’re inclined to take care of the day’s business. You don’t have to be a neuroscientist to know this. If you’re feeling a little down and have a nice glass of wine or a lovely piece of chocolate, your attitude can shift. A gray, cloudy day can turn bright, or irritation with a loved one can evaporate because of the way the chemicals in those substances affect the brain. Your immediate reality can change in an instant.

			If chemicals acting on the brain can create different realities, what happens when two brains have different structures? There’s no question that their realities will be different. Brain damage, strokes, prefrontal lobotomies, and head injuries can change what’s important to a person. They can even change one’s personality from aggressive to meek or from kind to grumpy.

			But it’s not as if we all start out with the same brain structure. Males’ and females’ brains are different by nature. Think about this. What if the communication center is bigger in one brain than in the other? What if the emotional memory center is bigger in one than in the other? What if one brain develops a greater ability to read cues in people than does the other? In this case, you would have a person whose reality dictated that communication, connection, emotional sensitivity, and responsiveness were the primary values. This person would prize these qualities above all others and be baffled by a person with a brain that didn’t grasp the importance of these qualities. In essence, you would have someone with a female brain.

			We, meaning doctors and scientists, used to think that gender was culturally created for humans but not for animals. When I was in medical school in the 1970s and ’80s, it had already been discovered that male and female animal brains started developing differently in utero, suggesting that impulses such as mating and bearing and rearing young are hardwired into the animal brain. But we were taught that for humans sex differences mostly came from how one’s parents raised one as a boy or a girl. Now we know that’s not completely true, and if we go back to where it all started, the picture becomes abundantly clear.

			Imagine for a moment that you are in a microcapsule speeding up the vaginal canal, hitting warp drive through the cervix ahead of the tsunami of sperm. Once inside the uterus, you’ll see a giant, undulating egg waiting for that lucky tadpole with enough moxie to penetrate the surface. Let’s say the sperm that led the charge carries an X and not a Y chromosome. Voilà, the fertilized egg is a girl.

			In the span of just thirty-eight weeks, we would see this girl grow from a group of cells that could fit on the head of a pin to an infant who weighs an average of seven and a half pounds and possesses the machinery she needs to live outside her mother’s body. But the majority of the brain development that determines her sex-specific circuits happens during the first eighteen weeks of pregnancy.

			Until eight weeks old, every fetal brain looks female—female is nature’s default gender setting. If you were to watch a female and a male brain developing via time-lapse photography, you would see their circuit diagrams being laid down according to the blueprint drafted by both genes and sex hormones. A huge testosterone surge beginning in the eighth week will turn this unisex brain male by killing off some cells in the communication centers and growing more cells in the sex and aggression centers. If the testosterone surge doesn’t happen, the female brain continues to grow unperturbed. The fetal girl’s brain cells sprout more connections in the communication centers and areas that process emotion. How does this fetal fork in the road affect us? For one thing, because of her larger communication center, this girl will grow up to be more talkative than her brother. In most social contexts, she will use many more forms of communication than he will. For another, it defines our innate biological destiny, coloring the lens through which each of us views and engages the world.

			READING EMOTION EQUALS READING REALITY

			Just about the first thing the female brain compels a baby to do is study faces. Cara, a former student of mine, brought her baby Leila in to see us for regular visits. We loved watching how Leila changed as she grew up, and we saw her pretty much from birth through kindergarten. At a few weeks old, Leila was studying every face that appeared in front of her. My staff and I made plenty of eye contact, and soon she was smiling back at us. We mirrored each other’s faces and sounds, and it was fun bonding with her. I wanted to take her home with me, particularly because I hadn’t had the same experience with my son.

			I loved that this baby girl wanted to look at me, and I wished my son had been so interested in my face. He was just the opposite. He wanted to look at everything else—mobiles, lights, and doorknobs—but not me. Making eye contact was at the bottom of his list of interesting things to do. I was taught in medical school that all babies are born with the need for mutual gazing because it is the key to developing the mother-infant bond, and for months I thought something was terribly wrong with my son. They didn’t know back then about the many sex-specific differences in the brain. All babies were thought to be hardwired to gaze at faces, but it turns out that theories of the earliest stages of child development were female-biased. Girls, not boys, come out wired for mutual gazing. Girls do not experience the testosterone surge in utero that shrinks the centers for communication, observation, and processing of emotion, so their potential to develop skills in these areas are better at birth than boys’. Over the first three months of life, a baby girl’s skills in eye contact and mutual facial gazing will increase by over 400 percent, whereas facial gazing skills in a boy during this time will not increase at all.

			Baby girls are born interested in emotional expression. They take meaning about themselves from a look, a touch, every reaction from the people they come into contact with. From these cues they discover whether they are worthy, lovable, or annoying. But take away the signposts that an expressive face provides and you’ve taken away the female brain’s main touchstone for reality. Watch a little girl as she approaches a mime. She’ll try with everything she has to elicit an expression. Little girls do not tolerate flat faces. They interpret an emotionless face that’s turned toward them as a signal they are not doing something right. Like dogs chasing Frisbees, little girls will go after the face until they get a response. The girls will think that if they do it just right, they’ll get the reaction they expect. It’s the same kind of instinct that keeps a grown woman going after a narcissistic or otherwise emotionally unavailable man—“if I just do it right, he’ll love me.” You can imagine, then, the negative impact on a little girl’s developing sense of self of the unresponsive, flat face of a depressed mother—or even one that’s had too many Botox injections. The lack of facial expression is very confusing to a girl, and she may come to believe, because she can’t get the expected reaction to a plea for attention or a gesture of affection, that her mother doesn’t really like her. She will eventually turn her efforts to faces that are more responsive.

			Anyone who has raised boys and girls or watched them grow up can see that they develop differently, especially that baby girls will connect emotionally in ways that baby boys don’t. But psychoanalytic theory misrepresented this sex difference and made the assumption that greater facial gazing and the impulse to connect meant that girls were more “needy” of symbiosis with their mothers. The greater facial gazing doesn’t indicate a need; it indicates an innate skill in observation. It’s a skill that comes with a brain that is more mature at birth than a boy’s brain and develops faster, by one to two years.

			HEARING, APPROVAL AND BEING HEARD

			Girls’ well-developed brain circuits for gathering meaning from faces and tone of voice also push them to comprehend the social approval of others very early. Cara was surprised that she was able to take Leila out into public. “It’s amazing. We can sit at a restaurant, and Leila knows, at eighteen months, that if I raise my hand she should stop reaching for my glass of wine. And I noticed that if her dad and I are arguing, she’ll eat with her fingers until one of us looks over at her. Then she’ll go back to struggling with a fork.”

			These brief interactions show Leila picking up cues from her parents’ faces that her cousin Joseph likely wouldn’t have looked for. A Stanford University study of twelve-month-old girls and boys showed the difference in desire and ability to observe. In this case, the child and mother were brought into a room, left alone together, and instructed not to touch a toy cow. The mother stood off to the side. Every move, glance, and utterance was recorded. Very few of the girls touched the forbidden object, even though their mothers never explicitly told them not to. The girls looked back at their mothers’ faces many more times than did the boys, checking for signs of approval or disapproval. The boys, by contrast, moved around the room and rarely glanced at their mothers’ faces. They frequently touched the forbidden toy cow, even though their mothers shouted, “No!” The one-year-old boys, driven by their testosterone-formed male brains, are compelled to investigate their environment, even those elements of it they are forbidden to touch.

			Because their brains did not undergo a testosterone marination in utero and their communication and emotion centers were left intact, girls also arrive in the world better at reading faces and hearing emotional vocal tones. Just as bats can hear sounds that even cats and dogs cannot, girls can hear a broader range of emotional tones in the human voice than can boys. Even as an infant, all a girl needs to hear is a slight tightening in her mother’s voice to know she should not be opening the drawer with the fancy wrapping paper in it. But you will have to restrain the boy physically to keep him from destroying next Christmas’s packages. It’s not that he’s ignoring his mother. He physically cannot hear the same tone of warning.

			A girl is also astute at reading from facial expression whether or not she’s being listened to. At eighteen months, Leila could not be kept quiet. We couldn’t understand anything she was trying to tell us, but she waddled up to each person in the office and unloosed a stream of words that seemed very important to her. She tested for agreement in each of us. If we appeared even the tiniest bit disinterested, or broke eye contact for a second, she put her hands on her hips, stomped her foot, and grunted in indignation. “Listen!” she yelled. No eye contact meant to her that we were not listening. Cara and her husband, Charles, were worried that Leila seemed to insist on being included in any conversation at home. She was so demanding that they thought they had spoiled her. But they hadn’t. It was just their daughter’s brain searching for a way to validate her sense of self.

			Whether or not she is being listened to will tell a young girl if others take her seriously, which in turn goes to the growth of her sense of a successful self. Even though her language skills aren’t developed, she understands more than she expresses, and she knows—before you do—if your mind has wandered for an instant. She can tell if the adult understands her. If the adult gets on the same wavelength, it actually creates her sense of self as being successful or important. If she doesn’t connect, her sense is of an unsuccessful self. Charles in particular was surprised by how much focus it took to keep up the relationship with his daughter. But he saw that, when he listened attentively, she began to develop more confidence.

			EMPATHY

			This superior brain wiring for communication and emotional tones plays out early in a baby girl’s behavior. Years later Cara couldn’t understand why her son didn’t settle down as quickly when she picked him up as her daughter, Leila, had. She thought it was just temperament, a fussier personality. But likely it was also the sex difference in hardwiring in the brain for empathy. The baby girl is able to resonate more easily with her mother and respond quickly to soothing behavior, stopping her fussing and crying. Observations made during a study at Harvard Medical School found that baby girls do this better with their mothers than do boys.

			Another study showed that typical female newborns less than twenty-four hours old respond more to the distressed cries of another baby—and to the human face—than male newborns do. Girls as young as a year old are more responsive to the distress of other people, especially those who look sad or hurt. I was feeling a little down one day and mentioned it to Cara. Leila, at eighteen months, picked up on my tone of voice. She climbed onto my lap and played with my earrings, hair, and glasses. She held my face in her hands, looked right into my eyes, and I felt better immediately. That little girl knew exactly what she was doing.

			At this stage Leila was in the hormone phase of what is called infantile puberty, a period that lasts only nine months for boys, but is twenty-four months long for girls. During this time, the ovaries begin producing huge amounts of estrogen—comparable to the level of an adult female—that marinate the little girl’s brain. Scientists believe these infantile estrogen surges are needed to prompt the development of the ovaries and brain for reproductive purposes. But this high quantity of estrogen also stimulates the brain circuits that are rapidly being built. It spurs the growth and development of neurons, further enhancing the female brain circuits and centers for observation, communication, gut feelings, even tending and caring. Estrogen is priming these innate female brain circuits so that this little girl can master her skills in social nuance and promote her fertility. That’s why she was able to be so emotionally adept while still in diapers.

			INHERITING MORE THAN MOM’S GENES

			Because of her ability to observe and feel emotional cues, a girl actually incorporates her mother’s nervous system into her own. Sheila came to me wanting some help dealing with her kids. With her first husband she had two daughters, Lisa and Jennifer. When Lisa was born, Sheila was still happy and content in her first marriage. She was an able and highly nurturing mother. By the time Jennifer was born, eighteen months later, circumstances had changed considerably. Her husband had become a flagrant philanderer. Sheila was being harassed by the husband of the woman he was having an affair with. And things got worse. Sheila’s unfaithful husband had a powerful and rich father, who threatened to have the children kidnapped if she tried to leave the state to be with her own family for support.

			It was in this stressful environment that Jennifer spent her infancy. Jennifer became suspicious of everyone and by age six started telling her older sister that their kind and beloved new stepfather was certainly cheating on their mother. Jennifer was sure of it and repeated her suspicions frequently. Lisa, finally went to their mom and asked if it were true. Their new stepfather was one of those men who just didn’t have it in him to cheat, and Sheila knew it. She couldn’t figure out why her younger daughter had become so anxiously fixated on the imagined infidelity of her new husband. But Jennifer’s nervous system had imprinted the unsafe perceptual reality of her earliest years, so even good people seemed unreliable and threatening. The two sisters were raised by the same mother but under different circumstances, so one daughter’s brain circuits had incorporated a nurturing, safe mom and the other’s a fearful, anxious one.

			The “nervous system environment” a girl absorbs during her first two years becomes a view of reality that will affect her for the rest of her life. Studies in mammals now show that this early stress versus calm incorporation—called epigenetic imprinting—can be passed down through several generations. Research in mammals by Michael Meaney’s group has shown that female offspring are highly affected by how calm and nurturing their mothers are. This relation has also been shown in human females and nonhuman primates. Stressed mothers naturally become less nurturing, and their baby girls incorporate stressed nervous systems that change the girls’ perception of reality. This isn’t about what’s learned cognitively—it’s about what is absorbed by the cellular microcircuitry at the neurological level. This may explain why some sisters can have amazingly different outlooks. It appears that boys may not incorporate so much of their mothers’ nervous system.

			Neurological incorporation begins during pregnancy. Maternal stress during pregnancy has effects on the emotional and stress hormone reactions, particularly in female offspring. These effects were measured in goat kids. The stressed female kids ended up startling more easily and being less calm and more anxious than the male kids after birth. Furthermore, female kids who were stressed in utero showed a great deal more emotional distress than female kids who weren’t. So if you’re a girl about to enter the womb, plan to be born to an unstressed mom who has a calm, loving partner and family to support her. And if you are a mom-to-be carrying a female fetus, take it easy so that your daughter will be able to relax.

			DON’T FIGHT

			So why is a girl born with such a highly tuned machine for reading faces, hearing emotional tones in voices, and responding to unspoken cues in others? Think about it. A machine like that is built for connection. That’s the main job of the girl brain, and that’s what it drives a female to do from birth. This is the result of millennia of genetic and evolutionary hardwiring that once had—and probably still has—real consequences for survival. If you can read faces and voices, you can tell what an infant needs. You can predict what a bigger, more aggressive male is going to do. And since you’re smaller, you probably need to band with other females to fend off attacks from a ticked off caveman—or cavemen.

			If you’re a girl, you’ve been programmed to make sure you keep social harmony. This is a matter of life and death to the brain, even if it’s not so important in the twenty-first century. We could see this in the behavior of three-and-a-half-year-old twin girls. Every morning the sisters climbed on each other’s dressers to get to the clothes hanging in their closets. One girl had a pink two-piece outfit, and the other had a green two-piece outfit. Their mother giggled every time she’d see them switch the tops—pink pants with a green top and green pants with a pink top. The twins did it without a fight. “Can I borrow your pink top? I’ll give it back later, and you can have my green top” was how the dialogue went. This would not be a likely scenario if one of the twins were a boy. A brother would have grabbed the shirt he wanted, and the sister would have tried to reason with him, though she would have ended up in tears because his language skills simply wouldn’t have been as advanced as hers.

			Typical non-testosteronized, estrogen-ruled girls are very invested in preserving harmonious relationships. From their earliest days, they live most comfortably and happily in the realm of peaceful interpersonal connections. They prefer to avoid conflict because discord puts them at odds with their urge to stay connected, to gain approval and nurture. The twenty-four-month estrogen bath of girls’ infantile puberty reinforces the impulse to make social bonds based on communication and compromise. It happened with Leila and her new friends on the playground. Within a few minutes of meeting they were suggesting games, working together, and creating a little community. They found a common ground that led to shared play and possible friendship. And remember Joseph’s noisy entrance? That usually wrecked the day and the harmony sought out by the girls’ brains.

			It is the brain that sets up the speech differences—the genderlects—of small children, which Deborah Tannen has pointed out. She noted that in studies of the speech of two-to five-year-olds, girls usually make collaborative proposals by starting their sentences with “let’s”—as in “Let’s play house.” Girls, in fact, typically use language to get consensus, influencing others without telling them directly what to do. When Leila hit the playground, she said “Shopping” as a suggestion for how she and her companions might play together. She looked around and waited for a response instead of forging ahead. The same thing happened when another little girl said “Dolly.” As has been observed in studies, girls participate jointly in decision making, with minimal stress, conflict, or displays of status. They often express agreement with a partner’s suggestions. And when they have ideas of their own, they’ll put them in the form of questions, such as “I’ll be the teacher, okay?” Their genes and hormones have created a reality in their brains that tells them social connection is at the core of their being.

			Boys know how to employ this affiliative speech style, too, but research shows they typically don’t use it. Instead, they’ll generally use language to command others, get things done, brag, threaten, ignore a partner’s suggestion, and override each other’s attempts to speak. It was never long after Joseph’s arrival on the playground that Leila ended up in tears. At this age boys won’t hesitate to take action or grab something they desire. Joseph took Leila’s toys whenever he wanted and usually destroyed whatever Leila and the other girls were making. Boys will do this to one another—they are not concerned about the risk of conflict. Competition is part of their makeup. And they routinely ignore comments or commands given by girls.

			The testosterone-formed boy brain simply doesn’t look for social connection in the same way a girl brain does. In fact, disorders that inhibit people from picking up on social nuance—called autism spectrum disorders and Asperger’s syndrome—are eight times more common in boys. Scientists now believe that the typical male brain, with only one dose of X chromosome (there are two X’s in a girl), gets flooded with testosterone during development and somehow becomes more easily socially handicapped. Extra testosterone and the genes in people with these disorders may be killing off some of the brain’s circuits for emotional and social sensitivity.

			SHE WANTS COMMUNITY, BUT ONLY ON HER TERMS

			By age two and a half, infantile puberty ends and a girl enters the calmer pastures of the juvenile pause. The estrogen stream coming from the ovaries has been temporarily stopped; how, we don’t yet know. But we do know that the levels of estrogen and testosterone become very low during the childhood years in both boys and girls—although girls still have six to eight times more estrogen than boys. When women talk about “the girl they left behind,” this is the stage they are usually referring to. This is the quiet period before the full-volume rock ’n’ roll of puberty. It’s the time when a girl is devoted to her best friend, when she doesn’t usually enjoy playing with boys. Research shows that this is true for girls between the ages of two and six in every culture that’s been studied.

			I met my first playmate, Mikey, when I was two and a half and he was almost three. My family had moved into a house next door to Mikey’s on Quincy Street in Kansas City, and our backyards adjoined each other. The sandbox was in our yard, and the swing set straddled the invisible line that divided our properties.

			Our mothers, who soon became friends, saw the advantage of their two kids playing with each other while they chatted or took turns watching us. According to my mother, almost every time Mikey and I played in the sandbox, she would have to rescue me because he would inevitably grab my toy shovel or pail while refusing to let me touch his. I would wail in protest, and Mikey would scream and hurl sand at us as his mother tried to pry my toys away from him.

			Both our moms tried again and again, because they liked spending time together. But nothing Mikey’s mother did—scolding him, reasoning with him about the merits of sharing, taking away privileges, imposing various punishments—could persuade him to change his behavior. My mother eventually had to look beyond our block to find me other playmates, girls who sometimes grabbed but always could be reasoned with, who might use words to be hurtful but never raised a hand to hit or punch. I had begun to dread the daily battles with Mikey, and I was happy about the change.

			The cause for this preference for same-sex playmates remains largely unknown, but scientists speculate that basic brain differences may be one reason. Girls’ social, verbal, and relationship skills develop years earlier than boys’. That their styles of communication and interaction are completely different is probably a result of these brain variations. Typical boys enjoy wrestling, mock fighting, and rough play with cars, trucks, swords, guns, and noisy—preferably explosive—toys. They also tend to threaten others and get into more conflict than girls beginning as early as age two, and they’re less likely to share toys and take turns than are female children. Typical girls, by contrast, don’t like rough play—if they get into too many tussles, they’ll just stop playing. According to Eleanor Maccoby, when girls get pushed around too much by boys their age—who are just having fun—they will retreat from the space and find another game to play, preferably one that doesn’t involve any high-spirited boys.

			Studies show girls take turns twenty times more often than boys, and their pretend play is usually about interactions in nurturing or caregiving relationships. Typical female brain development underlies this behavior. Girls’ social agenda, expressed in play and determined by their brain development, is to form close, one-on-one relationships. Boys’ play, by contrast, is usually not about relationships—it’s about the game or toy itself as well as social rank, power, defense of territory, and physical strength.

			In a 2005 study done in England, little boys and girls were compared at four years of age on the quality of their social relationships. This comparison included a popularity scale on which they were judged by how many other children wanted to play with them. Little girls won hands down. These same four-year-old children had had their testosterone levels measured in utero between ages twelve and eighteen weeks, while their brains were developing into a male or a female design. Those with the lowest testosterone exposure had the highest quality social relationships at four years old. They were the girls.

			Studies of nonhuman female primates also provide clues that these sex differences are innate and require the right hormone-priming actions. When researchers block estrogen in young female primates during infantile puberty, the females don’t develop their usual interest in infants. Moreover, when researchers inject female primate fetuses with testosterone, the injected females end up liking more rough-and-tumble play than do average females. This is also true in humans. Though we have not performed experiments to block estrogen in little girls, or injected testosterone into human fetuses, we can see this brain effect of testosterone at work in the rare enzyme deficiency called congenital adrenal hyperplasia (CAH), which occurs in about one out of every ten thousand infants.

			Emma did not want to play with dolls. She liked trucks and jungle gyms and sets to build things with. If you asked her at two and a half years old if she was a boy or a girl, she’d tell you she was a boy and she’d punch you. She’d get a running start, and “the little linebacker,” as her mother called her, would knock over anyone who came into the room. She played catch with stuffed animals, though she threw them so hard it was tough to hang on to them. She was rough, and the girls at preschool didn’t want to play with her. She was also a little behind the other girls in language development. Yet Emma liked dresses and loved when her aunt styled her hair. Her mother, Lynn, an avid cyclist, athlete, and science teacher, wondered, when she brought Emma in to see me, if her being a jock had influenced her daughter’s behavior. Most of the time, a girl like Emma would be the one in ten who is simply a tomboy. In this case, Emma had CAH.

			Congenital adrenal hyperplasia causes fetuses to produce large amounts of testosterone, the sex and aggression hormone, from their adrenal glands starting at about eight weeks after conception—the very moment their brains begin to take shape into the male or female design. If we look at genetic females whose brains are exposed to surges of testosterone during this period, we see that these girls’ behavior and presumably brain structures are more similar to those of males than to those of females. I say “presumably” because a toddler’s brain isn’t so easy to study. Can you imagine a two-year-old sitting still for a couple of hours in an MRI scanner without being sedated? But we can deduce a lot from behavior.

			The study of congenital adrenal hyperplasia provides evidence that testosterone erodes the normally robust brain structures in girls. At one year old, CAH girls make measurably less eye contact than other girls the same age. As these testosterone-exposed girls get older, they are far more inclined to scuffling, roughhousing, and fantasy play about monsters or action heroes than to pretending to take care of their dolls or dressing up in princess costumes. They also do better than other girls on spatial tests, scoring similarly to boys, while they do less well on tests that tap verbal behavior, empathy, nurturing, and intimacy—traits that are typically female. The implications are that the male and female brains’ wiring for social connection is significantly affected not just by genes but by the amount of testosterone that gets into the fetal brain. Lynn was relieved to have a scientific reason for some of her daughter’s behaviors, since no one had taken the time to explain to her what happens in the CAH brain.

			GENDER EDUCATION

			Nature certainly has the strongest hand in launching sex-specific behaviors, but experience, practice, and interaction with others can modify neurons and brain wiring. If you want to learn to play the piano, you must practice. Every time you practice, your brain assigns more neurons to that activity, until finally you have laid new circuits between these neurons so that, when you sit down at the bench, playing is second nature.

			As parents, we naturally respond to our children’s preferences. We will repeat, sometimes ad nauseam, the activity—Mommy’s smile or the noisy whistle of a wooden train—that makes our little one giggle or grin. This repetition strengthens those neurons and circuits in the baby’s brain that process and respond to whatever initially captivated her or his attention. The cycle continues, and children thus learn the customs of their gender. Since a little girl responds so well to faces, chances are Mom and Dad will make a lot of faces and she’ll get even better at responding. She’ll be engaged in an activity that reinforces her face-studying skill, and her brain will assign more and more neurons to that activity. Gender education and biology collaborate to make us who we are.

			Adult expectations for girls’ and boys’ behavior play an important role in shaping brain circuits, and Wendy could have blown it for her daughter Samantha if she had given in to her own preconceptions about girls being more fragile and less adventurous than boys. Wendy told me that the first time Samantha climbed the jungle gym ladder to go down the slide by herself, she immediately looked back at Wendy for permission. If she had sensed disapproval or fear in her mother’s facial expression, she probably would have stopped, climbed back down, and asked for her mother’s help—as would 90 percent of little girls. When Wendy’s son was that age, he would never have bothered checking for her reaction, not caring if Wendy disapproved of this step of independence. Samantha obviously felt ready to take this “big girl” leap, so Wendy managed to squelch her fear and give her daughter the approval she needed. She says she wishes she had had a camera to record the moment Samantha landed with a bump at the bottom. Her face lit up with a grin that expressed her pride and excitement, and she immediately ran over to her mother and gave her a big hug.

			The brain’s first organizing principle is clearly genes plus hormones, but we can’t ignore the further sculpting of the brain that results from our interactions with other people and with our environment. A parent’s or caregiver’s tone of voice, touch, and words help organize an infant’s brain and influence a child’s version of reality.

			Scientists still don’t know exactly how much reshaping can occur to the brain nature gave us. It runs against the grain of intuition, but some studies show that male and female brains may have different genetic susceptibility to environmental influences. Either way, we know enough to see that the fundamentally misconceived nature versus nurture debate should be abandoned: child development is inextricably both.

			THE BOSSY BRAIN

			If you’re the parent of a little girl, you know firsthand that she isn’t always as obedient and good as the culture would have us believe she should be. Many parents have had their expectations dashed when it came to their daughter getting what she wanted.

			“Okay, Daddy, now the dollies are going to lunch, so we have to change their clothes,” Leila said to her father, Charles, who dutifully changed the outfits—into party clothes. “Daddy! No,” Leila screamed. “Not the party dress! The lunch outfits! And they don’t talk like that. You’re supposed to say what I told you to say. Now say it right.”

			“All right, Leila. I’ll do it. But tell me, why do you like to play dolls with me instead of with Mommy?”

			“Because, Daddy, you play the way I tell you to.” Charles was a little thrown by this response. And he and Cara were taken aback by Leila’s chutzpah.

			Not all is perfectly calm during the juvenile pause. Little girls don’t usually exhibit aggression via rough-and-tumble play, wrestling, and punching the way little boys do. Girls may have, on average, better social skills, empathy, and emotional intelligence than boys—but don’t be fooled. This doesn’t mean that girls’ brains aren’t wired to use everything in their power to get what they want, and they can turn into little tyrants to accomplish their goals. What are those goals as dictated by the little girl’s brain? To forge connection, to create community, and to organize and orchestrate a girl’s world so that she’s at the center of it. This is where the female brain’s aggression plays out—it protects what’s important to it, which is always, inevitably, relationship. But aggression can push others away, and that would undermine the goal of the female brain. So a girl walks a fine line between making sure she’s at the center of her world of relationships and risking pushing those relationships away.

			Remember the wardrobe sharing twins? When one asked the other to borrow the pink shirt in trade for the green, she set it up so that if the other sister said “no” she’d be considered mean. Instead of grabbing the shirt, she used her best skill set—language—to get what she wanted. She was counting on her sister’s not wanting to be seen as selfish, and indeed her sister gave up the pink shirt. She got what she wanted without sacrificing the relationship. This is aggression in pink. Aggression means survival for both sexes, and both sexes have brain circuits for it. It’s just more subtle in girls, perhaps reflecting their unique brain circuitry.

			The social and scientific view of innate good behavior in girls is a misguided stereotype born out of the contrast with boys. In comparison, girls come out smelling like roses. Women don’t need to lay one another out, so of course they seem less aggressive than males. By all standards, men are on average twenty times more aggressive than women, something that a quick look around the prison system will confirm. I almost left aggression out of this book, after being lulled into a warm glow of communicative and social female brain circuits. I was nearly fooled by the female aversion to conflict into thinking that aggression simply wasn’t part of our makeup.

			Cara and Charles didn’t know what to do about Leila’s bossiness. It didn’t end with telling her father how to play dolls. She screamed when her friend Susie painted a yellow clown instead of a blue one as she had ordered, and heaven forbid if a conversation at the dinner table didn’t include Leila. Her female brain was demanding that she be part of whatever communication or connection was taking place in her presence. Being left out was more than her girl circuits could bear. To her Stone Age brain—and face it, we’re all still cave people inside—being left out could mean death. I explained this to Cara and Charles, and they decided to wait out this phase instead of trying to change Leila’s behavior—within reason, of course.

			I didn’t want to tell Cara and Charles that what Leila was putting them through was nothing. Her hormones were steady, they were at a low point, and her reality was fairly stable. When the hormones turn back on and the juvenile pause comes to an end, Cara and Charles won’t have just Leila’s bossy brain to deal with. Her risk-taking brain will have the stops pulled out. It will drive her to ignore her parents, entice a mate, leave home, and make something different out of herself. Teen girl reality will explode, and every trait established in the female brain during girlhood—communication, social connection, desire for approval, reading faces for cues as to what to think or feel—will intensify. This is the time when a girl becomes most communicative with her girlfriends and forms tightly knit social groups in order to feel safe and protected. But with this new estrogen-driven reality, aggression also plays a big role. The teen girl brain will make her feel powerful, always right, and blind to consequences. Without that drive, she’ll never be able to grow up, but getting through it, especially for the teen girl, isn’t easy. As she begins to experience her full “girl power,” which includes premenstrual syndrome, sexual competition, and controlling girl groups, her brain states can often make her reality, well, a little hellish.

		

	
		
			TWO
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			Teen Girl Brain

			DRAMA, DRAMA, DRAMA. That’s what’s happening in a teen girl’s life and a teen girl’s brain. “Mom, I so totally can’t go to school. I just found out Brian likes me and I have a huge zit and no concealer. OMG! How can you even think I’ll go?” “Homework? I told you I’m not doing any more until you promise to send me away to school. I can’t stand living with you for one more minute.” “No, I’m not done talking to Eve. It has not been two hours, and I’m not getting off the phone.” This is what you get if you have the modern version of the teen girl brain living in your house.

			The teenage years are a turbulent time. The teen girl’s brain is sprouting, reorganizing and pruning neuronal circuits that drive the way she thinks, feels, and acts—and obsesses over her looks. Her brain is unfolding ancient instructions on how to be a woman. During puberty, a girl’s entire biological raison d’être is to become sexually desirable. She begins judging herself against her peers and media images of other attractive females. This brain state is created by the surge of new hormones on top of the ancient female genetic blueprint.

			Attracting male attention is a newfound and exciting form of self-expression for my friend Shelly’s teenage daughters, and the high-octane estrogen coursing through their brain pathways fuels their obsession. The hormones that affect their responsivity to social stress are going sky high, which is where they get their off-the-wall ideas—and clothing choices—and why they are constantly staring at themselves in the mirror. They are almost exclusively interested in their appearance, specifically whether the boys who populate their real and fantasy worlds will find them attractive. Thank goodness, says Shelley, they have three bathrooms in their home, because her girls spend hours in front of the mirror, inspecting pores, plucking eyebrows, wishing the butts they see would shrink, their breasts grow larger and waists get smaller, all to attract boys. Girls would likely be doing some version of this whether the media were there to influence their self-image or not. Hormones would be driving their brains to develop these impulses even if they didn’t see skinny actresses and models on the cover of every magazine. They would be obsessing over whether or not boys thought they looked good because their hormones create the reality in their brains that being attractive to boys is the most important thing.

			Their brains are hard at work rewiring themselves, and this is why conflicts will increase and become more intense as teen girls struggle for independence and identity. Who are they anyway? They are developing the parts of themselves that most make them women—their strength for communicating, forming social bonds, and nurturing those around them. If parents understand the biological changes happening in the teen girl brain circuits, they can support their daughters’ self-esteem and well-being during these rocky years.

			RIDING THE ESTROGEN-PROGESTERONE WAVES

			The smooth sailing of girlhood is over. Now parents find themselves walking on eggshells around a moody, temperamental, and resistant child. All of this drama is because the girlhood or juvenile pause has ended, and their daughter’s pituitary gland has sprung to life as the chemical brakes are taken off her pulsing hypothalamic cells, which have been held in check since toddlerhood. This cellular release sparks the hypothalamic-pituitary-ovarian system into action. It is the first time since infantile puberty that their daughter’s brain will be marinated in high levels of estrogen. In fact, it is the first time that her brain will experience estrogen-progesterone surges that come in repeated monthly waves from her ovaries. These surges will vary day to day and week to week.
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			The rising tide of estrogen and progesterone starts to fuel many circuits in the teen girl’s brain that were laid down in fetal life. These new hormonal surges assure that all of her female-specific brain circuits will become even more sensitive to emotional nuance, such as approval and disapproval, acceptance and rejection. And as her body blossoms, she may not know how to interpret the newfound sexual attention—are those stares of approval or disapproval? Are her breasts the right ones or the wrong ones? On some days her self-confidence is strong, and on other days it hangs by a precarious thread. As a child she was able to hear a wider spectrum of emotional tone in another’s voice than a boy could. Now that difference becomes even greater. The filter through which she feels the feedback of others also depends on where she is in her cycle—some days the feedback will reinforce her self-confidence, and other days it will destroy her. You can tell her one day that her jeans are cut a bit low and she’ll ignore you. But catch her on the wrong day of her cycle and what she hears is that you’re calling her a slut, or telling her she’s too fat to wear those jeans. Even if you didn’t say or intend this, it’s how her brain interprets your comment.

			We know that many parts of the female brain—including an important seat of memory and learning (the hippocampus), the main center for control of the body’s organs (the hypothalamus), and the master center of emotions (the amygdala) are particularly affected by this new estrogen and progesterone fuel. It sharpens critical thinking and fine-tunes emotional responsivity. These enhanced brain circuits will stabilize into their adult shape by late puberty and into early adulthood. At the same time, we now know that the estrogen and progesterone surges start making the adolescent female brain, especially the hippocampus, experience weekly changes in sensitivity to stress that will continue until she passes through menopause.

			Researchers at the Pittsburg Psychobiologic Studies Center studied normal seven-to sixteen-year-olds as they progressed through puberty, testing their stress responsivity and their daily levels of cortisol. The girls showed more intense responses, while boys’ stress responsiveness dropped. Females’ bodies and brains react to stress differently than do males’ once they have entered puberty. Fluctuating estrogen and progesterone in the brain is responsible for this opposite stress responsivity in the hippocampus of females. Males and females become reactive to different kinds of stress. Girls begin to react more to relationship stresses and boys to challenges to their authority. Relationship conflict is what drives a teen girl’s stress system wild. She needs to be liked and socially connected; a teen boy needs to be respected and higher in the male pecking order.

			The girl’s brain circuits are arranged and fueled by estrogen to respond to stress with nurturant activities and the creation of protective social networks. She hates relationship conflict. Her brain’s stress response is massively triggered by social rejection. The ebb and flow of estrogen during the menstrual cycle changes this sensitivity to psychological and social stress on a weekly basis. The first two weeks of the cycle, when estrogen is high, a girl is more likely to be socially interested and relaxed with others. In the last two weeks of the cycle, when progesterone is high and estrogen is lower, she is more likely to react with increased irritability and will want to be left alone. Estrogen and progesterone reset the brain’s stress response each month. A girl’s self-confidence may be high one week but on thin ice the next.

			During the juvenile pause of childhood, when estrogen levels are stable and low, a girl’s stress system is calmer and more constant. Once estrogen and progesterone levels climb at puberty, her responsivity to both stress and pain start to rise, all marked by new reactions in the brain to the stress hormone cortisol. She’s easily stressed, high-strung, and she starts looking for ways to chill out.

			SO HOW DOES SHE CALM DOWN?

			I was teaching a class of fifteen-year-olds about brain differences between males and females, and I asked the boys and girls to come up with some questions that they’d always wanted to ask each other. The boys asked, “Why do girls go to the bathroom together?” They assumed that the answer would involve something sexual, but the girls replied: “It’s the only private place at school we can go to talk!” Needless to say, the boys couldn’t ever imagine saying to another guy: “Hey, want to go to the bathroom together?”

			That scene captures a pivotal brain difference between males and females. As we saw in Chapter 1, the circuits for social and verbal connection are more naturally hardwired in the typical female brain than in the typical male. It is during the teen years that the flood of estrogen in girls’ brains will activate oxytocin and sex-specific female brain circuits, especially those for talking, flirting, and socializing. Those high school girls hanging out in the bathroom are cementing their most important relationships—with other girls.

			Many women find biological comfort in one another’s company, and language is the glue that connects one female to another. No surprise, then, that some verbal areas of the brain are larger in women than in men and that women, on average, talk and listen a lot more than men. The numbers vary, but on average girls speak two to three times more words per day than boys. We know that young girls speak earlier and by the age of twenty months have double or triple the number of words in their vocabularies than do boys. Boys eventually catch up in their vocabulary but not in speed or overlapping speech. Girls speak faster on average, especially when they are in a social setting. Men haven’t always appreciated that verbal edge. In Colonial America, women were put in the town stocks with wooden clips on their tongues or tortured by the “dunking stool,” held underwater and almost drowned—punishments that were never imposed on men—for the crime of “talking too much.” Even among our primate cousins, there’s a big difference in the vocal communication of males and females. Female rhesus monkeys, for instance, learn to vocalize much earlier than do males and use every one of the seventeen vocal tones of their species all day long, every day, to communicate with one another. Male rhesus monkeys, by contrast, learn only three to six tones, and once they’re adults, they’ll go for days or even weeks without vocalizing at all. Sound familiar?

			And why do girls go to the bathroom to talk? Why do they spend so much time on the phone with the door closed? They’re trading secrets and gossiping to create connection and intimacy with their female peers. They’re developing close-knit cliques with secret rules. In these new groups, talking, telling secrets, and gossiping, in fact, often become girls’ favorite activities—their tools to navigate and ease the ups and downs and stresses of life.

			I could see it in Shana’s face. Her mother was complaining that she couldn’t get her fifteen-year-old to concentrate on work, or even a conversation about school. Forget keeping her at the table for dinner. Shana had an almost drugged look sitting in my waiting room while she anticipated the next text message from her girlfriend Parker. Shana’s grades hadn’t been great, and she was becoming a bit of a behavior problem at school, so she wasn’t allowed to go over to her friend’s. Her mother, Lauren, had also denied her use of the cell phone and the computer, but Shana’s reaction to being cut off from her friends was so over the top—she screamed, slammed doors, and started wrecking her room—that Lauren relented and gave her twenty minutes per day on the cell phone to make contact. But since she couldn’t talk in private, Shana resorted to text messaging.

			There is a biological reason for this behavior. Connecting through talking activates the pleasure centers in a girl’s brain. Sharing secrets that have romantic and sexual implications activates those centers even more. We’re not talking about a small amount of pleasure. This is huge. It’s a major dopamine and oxytocin rush, which is the biggest, fattest neurological reward you can get outside of an orgasm. Dopamine is a neurochemical that stimulates the motivation and pleasure circuits in the brain. Estrogen at puberty increases dopamine and oxytocin production in girls. Oxytocin is a neurohormone that triggers and is triggered by intimacy. When estrogen is on the rise, a teen girl’s brain is pushed to make even more oxytocin—and to get even more reinforcement for social bonding. At midcycle, during peak estrogen production, the girl’s dopamine and oxytocin level is likely at its highest, too. Not only her verbal output is at its maximum but her urge for intimacy is also peaking. Intimacy releases more oxytocin, which reinforces the desire to connect, and connecting then brings a sense of pleasure and well-being.

			Both oxytocin and dopamine production are stimulated by ovarian estrogen at the onset of puberty—and for the rest of a woman’s fertile life. This means that teen girls start getting even more pleasure from connecting and bonding—playing with each other’s hair, gossiping, and shopping together—than they did before puberty. It’s the same kind of dopamine rush that coke or heroin addicts get when they do drugs. The combination of dopamine and oxytocin forms the biological basis of this drive for intimacy with its stress-reducing effect. If your teenage daughter is constantly talking on the phone or instant-messaging with her friends, it’s a girl thing, and it is helping her through stressful social changes. But you don’t have to let her impulses dictate your family life. It took Lauren months of negotiation to get Shana to sit through a family dinner without text-messaging the world. Because the teen girl’s brain is so well-rewarded for communication, it’s a tough habit for you to curb.

			BOYS WILL BE BOYS

			We know that girls’ estrogen levels climb at puberty and flip the switches in their brains to talk more, interact with peers more, think about boys more, worry about appearance more, stress out more, and emote more. They are driven by a desire for connection with other girls—and with boys. Their dopamine and oxytocin rush from talking and connecting keeps them motivated to seek out these intimate connections. What they don’t know is that this is their own special girl reality. Most boys don’t share this intense desire for verbal connection, so attempts at verbal intimacy with their male contemporaries can be met with disappointing results. Girls who expect their boyfriends to chat with them the way their girlfriends do are in for a big surprise. Phone conversations can have painful lulls while she waits for him to say something. The best she can often hope for is that he is an attentive listener. She may not realize he’s just bored and wants to get back to his video game.

			This difference may also be at the core of the major disappointment women feel all their lives with their marriage partners—he doesn’t feel like being social, he doesn’t crave long talks. But it’s not his fault. When he is a teen, his testosterone levels begin soaring off the charts, and he “disappears into adolescence,” a phase used by one psychologist friend of mine to describe why her fifteen-year-old son never wants to talk to her anymore, takes refuge with his buddies in person or online gaming, and visibly cringes at the thought of a family dinner or outing. More than anything, he wants to be left alone in his room.

			Why do previously communicative boys become so taciturn and monosyllabic that they verge on autistic when they hit their teens? The testicular surges of testosterone marinate the boys’ brains. Testosterone has been shown to decrease talking as well as interest in socializing—except when it involves sports or sexual pursuit. In fact, sexual pursuit and body parts become pretty much obsessions.

			When I was teaching the class of fifteen-year-olds and it was time for the girls to ask their questions of boys, they wanted to know this: “Do you prefer girls who have a little hair or a lot of hair?” I thought they meant hairstyles, as in long hair versus a shorter cut. But I quickly realized that they were referring to the boys’ preference for a lot or a little pubic hair. The boys resoundingly responded “No hair at all.” So let’s not mince words here. Young teen boys are often totally, single-mindedly consumed with sexual fantasies, girls’ body parts, and the need to masturbate. Their reluctance to talk to adults comes out of magical thinking that grown-ups will read between their spoken lines and the look in their eyes and know that the subject of sex has taken them over, mind, body, and soul.

			A teenage boy feels alone in and ashamed by his thoughts. Until his buddies start to joke and comment about girls’ bodies, he thinks he is the only one consumed by such intense sexual fantasies and the constant fear that someone will notice the erections over which he seems to have no control. Compelling masturbatory frenzies overwhelm him many times a day. He lives in fear of being “found out.” He’s even more wary of verbal intimacy with girls, though he dreams of other kinds of intimacy with them day in and day out. For a few of the teen years, the teen girl brain and the teen boy brain have seriously different priorities when it comes to being close.

			FEAR OF CONFLICT

			Studies indicate that girls are motivated—on a molecular and a neurological level—to ease and even prevent social conflict. Maintaining the relationship at all costs is the female brain’s goal. This may be especially true in the teenage female brain.

			I remember when my friend Shelley’s oldest teenage daughter, Elana, had sleepovers nearly every night with her best friend, Phyllis—and on the nights they didn’t, they talked on the phone until they had to go to sleep. They planned their outfits, talked about crushes on boys, and watched TV together over the phone. One day Phyllis started bad-mouthing a less popular girl in class, who had been close friends with Elana in grade school. Her meanness made Elana uncomfortable and angry, but as she thought about confronting Phyllis, her mind and body were seared by a wave of anxiety. It became real to her that if she made even a hint of criticism to Phyllis’s face, a fight that would spell the end of the friendship could result. Instead of risking the loss of her friendship with Phyllis, Elana decided to say nothing.

			This is a tape that plays in the brain of every woman at the thought of conflict, even a small disagreement. The female brain has a far more negative alert reaction to relationship conflict and rejection than does the male brain. Men often enjoy interpersonal conflict and competition; they even get a positive boost from it. In women, conflict is more likely to set in motion a cascade of negative chemical reactions, creating feelings of stress, upset, and fear. Just the thought that there might be a conflict will be read by the female brain as threatening the relationship, and bring with it the real concern that the next conversation she has with her friend will be their last.

			When a relationship is threatened or lost, the bottom drops out of the level of some of the female brain’s neurochemicals—such as serotonin, dopamine, and oxytocin (the bonding hormone)—and the stress hormone cortisol takes over. A woman starts feeling anxious, bereft, and fearful of being rejected and left alone. Soon she begins to jones for that good intimacy drug, oxytocin. She gets a feeling of closeness from the flood of oxytocin, which is boosted by social contact. But the minute that social contact is gone and the oxytocin and dopamine bottom out, she’s in emotional trouble.

			As soon as a woman gets her feelings hurt, the hormonal shift sets off a fearful fantasy that the relationship will be over. This is why Elana decided to let Phyllis’s mean comment about her old friend go so she didn’t have to risk the fight that might end the friendship. That’s the fearful reality playing out in the female brain. This is why the breakup of a friendship, or just the thought of social isolation, is so stressful, especially among girl teens. Many brain circuits are geared to monitor closeness, and when closeness is threatened, the brain sounds the abandonment alarm loudly. Robert Josephs at the University of Texas has concluded that men’s self-esteem derives more from their ability to maintain independence from others, while women’s self-esteem is maintained, in part, by the ability to sustain intimate relationships with others. As a result, perhaps the greatest source of stress in the woman’s or girl’s brain can be the fear of losing intimate relationships and the lack of vital social support that might ensue.

			A girl’s increasing stress and anxiety response at puberty may even be related to the formation of cliques and clubs. In fact, the formation of cliques may be the result of her stress response. Until recently, it was assumed that all human beings reacted to stress with the “fight or flight” response, a behavior described by W. B. Cannon in 1932. A person under stress or threat, the theory goes, will attack the source of that threat if there’s any reasonable chance of winning; otherwise, an individual will flee from a threatening situation. “Fight or flight” behavior, however, may not be characteristic of all humans. The UCLA psychology professor Shelley Taylor argues, in fact, that this is more likely to be the male response to threat and stress.

			Both sexes, to be sure, experience a powerful flood of neurochemicals and hormones when they come under acute stress, preparing them to meet the demands of an imminent threat. And that cascade can make males spring into action—their aggression pathways are more direct than females’. But fighting may not have been as evolutionarily adaptive for females as it was for males because females have less chance of physically defeating the larger males, and even if they are matched in strength with their opponents, turning to fight could mean leaving a helpless child alone and vulnerable. In the female brain, the circuit for aggression is more closely linked to cognitive, emotional, and verbal functions than is the male aggression pathway, which is more connected to brain areas for physical action.

			As for flight, females are generally less able to run when they’re pregnant, nursing, or caring for a vulnerable child. Research has found that female mammals under stress rarely abandon their infants once they’ve formed maternal bonds. As a result, females appear to have some stress responses in addition to “fight or flight” that allow them to protect themselves and their dependent children. One such response may be reliance on social ties. Females in a bonded social group are more likely to come to one another’s aid in a threatening or stressful situation. Members of a group can alert one another to conflict ahead of time, enabling them to move away from potential danger and continue safely tending dependent children. This pattern of behavior is termed “tend and befriend,” and it may be a particularly female strategy. Tending involves nurturant activities that promote safety and reduce distress for the self and offspring; befriending is the creation and maintenance of social networks that may aid in this process.

			Remember, our modern female brain still has the ancient circuitry of our most successful foremothers. Early in mammalian evolution, females may well have formed social networks for support when threatened by males, as studies of some nonhuman primates indicate. In certain species of monkeys, for example, if a male is overly aggressive to a female, the other females in her group will come and face the male down, standing shoulder to shoulder, chasing him away with threatening cries. These female networks provide other types of protection and support, too. Many species of female primates will watch and care for one another’s infants, share information about where to find food, and model maternal behavior for younger females. The UCLA anthropologist Joan Silk found a direct link between the degree of social connectedness of female baboons and their reproductive success. Her sixteen-year study showed that mothers who were the most socially connected had the greatest number of surviving infants, increasing their success at passing on their genes.

			Teen girls begin automatically building and practicing these friendship connections during their intimate talks in the school’s bathrooms. Biologically, they are reaching optimal fertility. The Stone Age brains within them are flooded with neurochemicals telling them to connect with other women so that they can help protect the young. The primitive brain is saying, “Lose that bond, and both you and your offspring are toast.” That’s a powerful message. No wonder girls find it unbearably hard to cope with feelings of being left out.

			THE BRAIN MARCHES TO THE BEAT OF ESTROGEN’S DRUM

			By the time Shana was ten years old, it was harder for Lauren to wake her up for school. Shana started sleeping until noon on weekends. Lauren was sure this sleep pattern reflected Shana’s bad habits—she waited until the last minute to finish big projects, and she liked to stay up watching television. Shana was beginning to feel depressed because her mom was calling her a lazy bum all the time, but Shana couldn’t see why. She was tired and wanted to sleep. Mother and daughter were locked in battle when I first saw them.

			In reality, the sleep cells in Shana’s brain had been reset at puberty by her ovarian estrogen surges. Estrogen affects practically everything that a teen girl experiences, including responsivity to light and the daily light-dark cycle. Estrogen receptors get activated in the brain’s twenty-four-hour clock cells in the suprachiasmatic nucleus. These clusters of cells orchestrate the daily, monthly, and annual rhythms of the body, such as those of hormones, body temperature, sleep, and mood. Estrogen even directly influences the brain cells that control breathing. It turns on the uniquely female sleep cycle as well as her growth hormone. By puberty, estrogen sets the timing of everything in the female brain—the female and male brains end up marching to different drummers.

			At around age eight to ten for girls—and a year or more later for boys—the brain’s sleep clock begins to change its settings, leading to later bedtimes, later wake-up times, and more sleeping time overall. One study showed that at age nine boys’ and girls’ brains had exactly the same brain waves during sleep. By age twelve girls had a 37 percent shift in their brain waves during sleep compared to boys. The scientists concluded that this indicated that girls’ brains mature faster. The pruning of excess synapses in teen girls’ brains starts earlier than it does in boys, thus moving them more quickly toward maturation of all their brain circuits. The female brain, on average, matures two to three years earlier than the male brain. A similar condition develops in boys’ brains a few years later, but their sleep phase is pushed even an hour later than girls’ by the age of fourteen. And this is just the beginning of being out of sync with the opposite sex. Females’ tendency to go to sleep and wake up a bit earlier than do males is a difference that will last until after menopause.

			I saw Shana and her mother many times over the years. Things became even rockier as Shana got several years into the new rhythm that estrogen was establishing in her brain. It was day twenty-six of her cycle, and Shana wasn’t just screaming. She was shrieking. “I am going to the beach tomorrow and there’s nothing you can do about it. Just try to stop me.”

			“No, Shana,” Lauren responded, “you’re not going with that group of kids. I told you I don’t like the fact that they throw around so much money, and I’m pretty sure they’re into drugs.”

			“You don’t know what you’re talking about. You’re a stupid old prude who just doesn’t have a life. You never had one. You were ugly and boring and a goody-two-shoes kid. You wouldn’t know cool if it smacked you in the face. You can’t stand it that I’m smarter than you and cooler than you, and you just want to keep me down. You’re a fucking asshole!”

			Lauren lost it. For the first time in her life, she slapped her daughter.

			The most obvious cycle controlled by estrogen is the menstrual cycle. The first day a young girl gets her period can be exciting and bewildering. It is a moment to celebrate, not in a New Age, hippie sense but because each month the menstrual cycle refreshes and recharges certain parts of a girl’s brain. Estrogen acts as a fertilizer on cells—exciting her brain as well as making a girl more socially relaxed during the first two weeks. There’s a 25 percent growth of connections in the hippocampus during weeks one and two (the estrogen phase), and that makes the brain a little bit sharper. It functions a little better. You’re clearer and you remember more. You think more quickly and more agilely. Then at ovulation, around day fourteen, progesterone starts squirting out of the ovaries and reversing the actions of estrogen, acting more like weed killer on those new connections in the hippocampus. During the last two weeks of the cycle, progesterone causes the brain to become first more sedated and gradually more irritable, less focused, and then a little slower. This may be one of the pivotal reasons for the change in stress sensitivity during the second half of the menstrual cycle. The extra connections built during the weeks that estrogen is on the rise are being reversed by progesterone in the last two weeks.

			In the last few days of the menstrual cycle, when progesterone collapses, this calming effect is abruptly withdrawn, leaving the brain momentarily upset, stressed, and irritable. This is where Shana was when she screamed at her mother. Many women say they cry more easily and often feel out of sorts, stressed, aggressive, negative, hostile, or even hopeless and depressed right before their periods begin. In my clinic we call them the “crying over dog food commercials” days, because even silly, sentimental things can trigger a tearful response during this short time. At first this abrupt mood change takes girls like Shana by surprise. Teens think that all they need to know about the menstrual cycle is to remember their Tampax and take Advil or Aleve for the cramps on the day the blood flow starts. The idea that even when they’re not bleeding there could be brain effects from their cycling hormones takes some getting used to. By adulthood, they know how to handle it. Most women know that, in weeks three and four, angry impulses fall under the two-day rule. They’ll wait two days and see if they still want to act on them.

			It took another few days for Shana to realize she should not have spoken to her mother the way she did. And as her progesterone cycled out and her estrogen came back up, her irritability began to wane. Connections were once again sprouting in the hippocampus, and her brain gears were greased and working to full capacity. Pretty soon she was surprising everyone with her wisecracks and smart-alecky remarks, and they were getting her into a bit of trouble—the boys just couldn’t keep up at times, and she was riding the edge with the girls. Brain performance in some females can fluctuate with the hormonal changes of the menstrual cycle. One of the most estrogen-sensitive parts of the brain—the hippocampus—is a major relay station for processing memories for words. This may be one biological reason behind women’s increased verbal performance during the highest estrogen week—week two—of their cycles. I often joke with my female grad students that they should take their oral exams on day twelve of their cycles, which is the peak of their verbal performance. Maybe the same should go for teen girls and the SATs—or for wives wanting to win a fight with their husbands.

			WHY THE TEEN GIRL BRAIN FREAKS

			Think about it. Your brain has been pretty stable. You’ve had a steady flow—or lack—of hormones for your entire life. One day you’re having tea parties with Mommy, the next day you’re calling her an asshole. And, as a teen girl, the last thing you want to do is create conflict. You used to feel like a nice girl, and now, out of nowhere, it’s as though you can’t rely on that personality anymore. Everything you thought you knew about yourself has suddenly come undone. It’s a huge gash in a girl’s self-esteem, but it’s a pretty simple chemical reaction, even for an adult woman. It makes a difference if you know what’s going on.

			The trouble for some women is caused by estrogen and progesterone withdrawal in the brain, which happens in the fourth week of the cycle. The hormones bottom out precipitously, and the brain begins yearning for their calming effects. When it doesn’t get them, the brain becomes irritated, so irritated that it’s on the same spectrum of discomfort as a seizure. This is true in a small percentage of women, to be sure, but it’s not fun. So stress and emotional reactivity can increase dramatically the few days before the onset of bleeding. At the National Institute of Mental Health in Bethesda, Maryland, David Rubinow and colleagues have been studying menstrual mood changes. They’ve now found direct evidence that the hormone fluctuations during the menstrual cycle increase brain circuit excitability, as measured by the startle reflex, which most of us think of as being jumpy. It is also related to the stress response. This helps explain why women often feel more irritable during maximal hormone withdrawal.

			Although 80 percent of women are only mildly affected by these monthly hormone changes, about 10 percent say they get extremely edgy and easily upset. Females whose ovaries make the most estrogen and progesterone are more resistant to stress because they have more serotonin (a chemical that makes you feel at ease) cells in their brains. Those women with the least estrogen and progesterone are more sensitive to stress and have fewer serotonin brain cells. For these most stress-sensitive individuals, the final days before their periods start can be hell on earth. Hostility, hopeless feelings of depression, plans for suicide, panic attacks, fear, and uncontrollable bouts of crying and rage can plague them. Hormone and serotonin changes can result in a malfunction in the brain’s seat of judgment (the prefrontal cortex), and dramatic, uncontrolled emotions can push through more easily from the primitive parts of the brain.

			Shana was in this category. During the week or two before her period, she was constantly in trouble for talking out of turn and being disruptive in class. She was obnoxious and aggressive one minute, bursting into tears the next. Pretty soon, her moods turned wild, and she began to intimidate her parents, peers, and teachers. Repeated meetings with the principal and school counselor did nothing to curb her outbursts, and when her parents finally sent her to a pediatrician, he too was baffled by her extreme behavior. It was a female teacher who noticed that Shana’s behavior was at its worst during two weeks of each month. The rest of the time she was like her old self—or more like a typical teen—sometimes moody and oversensitive but mostly cooperative. On a hunch, the teacher called me at the clinic to suggest that Shana had bad PMS.

			Shana’s mood and personality swings, while extreme, were no surprise. In twenty years of practice in psychiatry and women’s health, I’ve seen hundreds of girls and women with similar problems. Most blame themselves for their flare-ups of bad behavior. Some have been in psychotherapy for years trying to get to the bottom of their recurring sadness or anger. Many have been regularly accused of substance abuse, bad attitudes, and bad intentions. Most of these assumptions are unjust, and all of them completely miss the point.

			These adolescent girls and adult women have regular, dramatic shifts in their moods and behavior because, in fact, the very structure of their brains is changing, from day to day and from week to week. The medical name for an extreme emotional reaction during the weeks before the period, triggered by ovarian estrogen and progesterone hormones, is premenstrual dysphoric disorder (PMDD). Women who have committed crimes while suffering from PMDD have successfully used it as a defense in France and England by establishing temporary insanity. Other common conditions—such as menstrual migraine—are also caused by increased brain circuit excitability and decreased calming right before the period starts. Researchers at the National Institute of Mental Health found that the emotion and mood changes these women experience during the menstrual cycle disappear when the ovaries are blocked from producing fluctuating hormones. It may be, they conclude, that women with PMDD are in some sense “allergic” or hypersensitive to fluctuations in estrogen and progesterone during the cycle. Fifty years ago, one successful treatment for PMDD was removing the ovaries surgically. At the time, this was the only way to remove the hormone fluctuation.

			Instead of removing Shana’s ovaries, I gave her a hormone to take every day—the continuous birth control pill—to keep her estrogen and progesterone at moderately high but constant levels and prevent her ovaries from sending out the big fluctuations of hormones that were upsetting her brain. With her estrogen and progesterone at constant levels, her brain was kept calmer and her serotonin levels stabilized. For some girls I add an antidepressant—a so-called SSRI (selective serotonin reuptake inhibitor)—which can further stabilize and improve the brain’s serotonin level, in other words, improve one’s mood and sense of well-being. The following month her teacher called me to report that Shana was back to her good old self again—cheerful and getting good grades.

			RISK TAKING AND AGGRESSION IN TEEN GIRLS

			The day Shana screamed that she wanted to go to the beach, Lauren had been concerned about her daughter’s boyfriend, Jeff. Jeff was from a very wealthy and permissive family, and at fifteen, Shana had already had sex with him. Jeff ’s parents allowed them to do it in their house, a fact Shana had kept hidden from her parents until she had a pregnancy scare. Since Jeff wasn’t going away, Lauren decided it was best to get to know him. And the more she did, the more she liked him. Jeff was lavishing Shana with gifts (something Lauren wasn’t thrilled about, but she didn’t want to hurt his feelings), and Shana was happy when he was around. She made deals with her parents: “Come on, Mom, I’m really stressed out, and if he comes over for an hour I’ll feel better. I promise to finish my work after he leaves.” She often snuck him back in, and the two were thick as thieves.

			Shana had been seeing Jeff for eight months. The day after she told her mom how much she loved him, Shana showed up at home after school with Mike, a boy she had sworn was just a friend. When Lauren went up to check on them, the door was closed. When she opened it, they were, as she put it, “sucking face.” Since she had allowed Shana to be sexually involved with Jeff, Lauren didn’t know what to do. It was clear that Shana’s impulses were getting out of control.

			A girl’s emotional centers become highly responsive at puberty. Her brain’s emotion- and impulse-control system—the prefrontal cortex—has sprouted many more cells by the age of twelve but the connections are still thin and immature. As a result, a teenage girl’s mood changes, resulting in part from the increased emotional impulses blasting in from the amygdala, are more rapid and dramatic. Her prefrontal cortex is like an old dial-up modem receiving signals from broadband. It can’t handle the increased traffic from the amygdala, and it often becomes overwhelmed. Teenagers, therefore, often cling to an idea and run with it, not stopping to consider the consequences. They become resentful of any authority that wants to head off their impulses.

			My patient Joan, for example, remained in upstate New York the summer after she graduated from boarding school there. An honors student, she had been involved with a local guy who didn’t graduate high school, had been in juvenile detention, and at age sixteen had fathered a child. She ran around with him all summer, and when it came time to leave for college, she thought twice about it. She wanted to stay with him. When her parents threatened to come up, take the car, and drag her off to college, she ran away with her boyfriend. She did come to her senses and go to college, but it was a long time before she spoke civilly to her parents again. It’s tough for the teen brain to come up with good judgment in these situations.

			Remember Romeo and Juliet? If only the two lovers had known that their brain circuits were under major reconstruction. If only they’d known that their sex hormones were causing brain cells to grow and sprout extensions, and that it would take several years to form structurally sound connections once those extensions were plugged into the correct outlets in mature prefrontal cortexes. Juliet’s brain would have matured two to three years earlier than Romeo’s, though—so she may have come to her senses sooner than he. These unfinished—unmyelinated—extension cords, most prominent in the connections from the emotion center of the amygdala to the emotional control center of the prefrontal cortex, need to be coated with a substance called myelin that allows for fast conduction before they can function reliably under stress. This may not happen until the late teens or early adult years. Without the fast connection to the prefrontal cortex, big downloads of emotional impulses often result in immediate, raw behaviors and circuit overload.

			When it is upset by an unwanted parental restriction such as, “We know you were drinking at the party, and you’re too involved with boys, and your grades are going down, so you are grounded,” the teen girl amygdala may not respond with much more than “I hate you.” But watch out for the subtle signs of rebellion that can ensue. She’ll find another way to undermine you.

			Karen, a former patient of mine who is now a tenured professor of biochemistry, told me a story that illustrates this teen reality. She grew up in a small town in Washington State, where many students dropped out of high school to work for the lumber companies in the area. Her girlfriends got jobs as cooks or secretaries in the lumber camps, or got married and almost immediately became pregnant. By the time she was a sophomore in high school, Karen was desperate to get away from home. She was determined to go to college, a radical idea in a town where only the teachers, the doctor, and the librarian were college graduates. Her parents accused her of living in a fantasy world. They didn’t have the money to send her, and what did she think she could do with a college degree when she would likely get “knocked up” by the time she was twenty?

			Their scorn made Karen even more determined to find a way out. At eighteen, she wanted to stay in school and graduate. But she was old enough to get a job as a go-go dancer in one of the local bars that serviced the lumberjacks who came into town to spend their paychecks. She moved in with her boyfriend and worked nights at the bar. Too young to go topless, she still managed to earn twenty-dollar tips, which the customers would stick in her G-string.

			Not exactly the typical line of work for a future biochemistry professor. But Karen earned enough money to pay for her first semester at college, and after that, her grades were rewarded with a full scholarship. Now that Karen is herself the mother of three teenagers, two girls and a boy, she tries to imagine how she would react if her eighteen-year-old daughter announced that she had just gotten herself a job as a pole dancer in a bar. She herself had avoided any dangerous incidents, but her go-go gig could have turned out otherwise.

			         

			CHANGING HORMONAL CONDITIONS in girls’ brains through the menstrual cycle add even more volatility to the mix. If estrogen and progesterone simply increased during the teen years and remained at that new, higher level, the female brain would permanently readjust. But, as we have seen, these hormones come in waves. Given the fact that the teen brain is undergoing major changes, especially in areas that are particularly sensitive to shifts in hormones, puberty can be an outrageously impulsive time for many girls. Under no stress on a good week of the menstrual cycle, the teen girl’s prefrontal cortex may function normally. At those times she may have good judgment and appropriate behavior. But some stress—like a disappointment or a bad grade—on a PMS day may derail the prefrontal cortex, causing an exaggerated emotional response and out-of-control behavior, such as yelling and slamming doors, what at my house we call a meltdown. Testosterone surges in teen boys may have similar brain effects, but these have not been studied yet. Hormone surges at this age can make a mild stress or a seemingly small event feel like a catastrophe.

			Calming down the fired up teen girl amygdala can prove difficult. Many girls turn to drugs, alcohol, and food (either they’ll stop eating or they’ll binge) when they’re under stress. As a parent of teens, you have the job of ignoring much of what they say. Don’t take any impulsive or emotional tirades seriously. Stay calm. Teens state their intentions—and feel them—with such passion—that you can be persuaded in spite of yourself. Just remember, your teen daughter’s impulse-control circuits can’t handle the input. Like it or not, you must provide the control while her brain cannot. Even though Joan hated her parents for threatening to come and take her car away, “they did the right thing,” she told me years later. It was their job to exercise the good judgment that she lacked at that time.

			DEPRESSION

			It wasn’t long before even Mike began to realize Shana’s impulses were out of control. If she could turn on a dime about Jeff, she could change her mind about him, too, and he decided to break it off. A few of Shana’s friends were also mad at her over how she’d treated Jeff, and she was becoming isolated. Up until then, Shana had been doing well. She was writing for the school newspaper, was becoming serious about sculpting, and was going to have a good pick of colleges. Her teachers loved her creativity and spark. But when Mike broke it off, everything changed. Shana lost a ton of weight. She stopped doing well in school. She let the school paper down by not writing stories that were assigned. She couldn’t concentrate or do her homework, couldn’t sleep, was obsessed with her weight and appearance, and couldn’t get her brain to stop thinking about him. I could see a few scratches on her arm and realized she was cutting. I was quite alarmed, since this is the period when the female-to-male ratio for depression doubles.

			Boys and girls have the same risk of depression, before the hormones of puberty. But by age fifteen, girls are twice as likely to suffer from depression. Genetics may also play a role in female depression. In certain families with high depression rates, for example, researchers have found a mutation in a gene called CREB-1 that puts teenage females—but not males—at higher risk for clinical depression. Shana’s mother and grandmother had had serious depressions in their teens, and a female cousin had committed suicide. These facts put her at serious risk. Shana had a true clinical depression. I started her on an antidepressant, stayed in close contact, and did weekly cognitive therapy. Within four to six weeks she was able to concentrate again, take her final exams, and stop obsessing over both Mike and her weight.

			THE BIOLOGY OF MEAN GIRLS

			Hormonal surges can turn nice girls mean at the drop of an egg, and so can sexual competition, which is strong—and pivotal—among teenage girls. This competition, however, plays out with a different set of rules than does that among teen boys. Girls are driven to gather in cliques, but there is another side, in which these cliques are at war. Teen girls, we know, can be devastatingly mean. When females are competing with other females, they often use more subtle tools, such as spreading rumors to undermine a rival. This way, they can cover their tracks—“I wasn’t trying to be mean. I’m sorry.” Such tactics lessen the risk of destroying the bond that the teen girl brain sees as essential to survival. But also essential to survival is sexual competition.

			I can remember when I was in seventh grade, there was one girl who was beautiful, and the other girls were very jealous because she got so much attention from the boys. She was also shy, so others assumed she was a snob. One day the not as pretty girl who sat directly behind her in a class took a wad of bubble gum out of her mouth and stuck it in the pretty girl’s hair. Unknowingly, the pretty girl began to twist the gum into such a mess that the only way to get it out was to cut off her seductive locks. The queen of mean who put the gum in this girl’s hair felt triumphant. Her biological imperative to compete for sexual attractiveness had a momentary victory.

			The hormones usually associated with aggression in both males and females are androgens. They begin to rise early in puberty and continue until they peak at age nineteen in females and twenty-one in males. The three main androgens that women make are testosterone, DHEA, and androstenedione (andro-steen-DIE-own). In a study at the University of Utah, the most in-your-face aggressive teenage girls were found to have high levels of the androgen androstenedione. Acne is a good clue that your teen’s androgen levels are high. Girls with high levels of testosterone and DHEA also tend to have sexual intercourse earlier. By the time I saw Shana at age fifteen, she not only had acne and fully developed breasts but had been having sex for the past year.

			Aggressive impulses can fluctuate with the hormones of the menstrual cycle. During some weeks of the cycle, the teen girl will be more interested in social connection. During other weeks, she’ll be more interested in power—over boys and other girls. This association implies that the higher amounts of androgens made by the ovaries during weeks two and three increase aggression levels in women and teens. Less empathy, social connection, and affiliation have been associated with higher androgen levels in both sexes. We can’t know for sure, but Shana’s higher androgen levels on certain weeks of her cycle may have been triggering her aggressive outbursts.

			Not only is aggression reduced when androgen levels are low but sex drive is decreased, too. Teens taking oral contraceptives have reduced aggression and sex drive because the contraceptive suppresses the ovaries, so they make less androgen. Although both men and women make testosterone, men make more than ten times as much—meaning that their sex drive is much greater than women’s. Scientists know that it is probably not just androgens that increase aggressive spirit and ambition in women but estrogen, too. In the same study at the University of Utah, women who were the most outspoken and had the highest self-regard also had the highest levels of estrogen, testosterone, and androstenedione. They also ranked themselves above how their peers ranked them. And these young women were routinely rated by others as the most boastful.

			Of course, a hormone alone does not cause a behavior. Hormones merely raise the likelihood that under certain circumstances a behavior will occur. And just as there is no one seat of aggression in the brain, there is no one hormone of aggression. But achieving success and attaining power in the world requires some aggression for both sexes. These hormones change teens’ reality and perceptions of themselves as sexual, assertive, and independent beings in the world.

			During the teen years a girl’s brain circuits go through massive growth and pruning. It’s as if she is given a whole new set of extension cords and needs to figure out which one to plug into which outlet. The full power of her female brain circuits can now start to be manifested. And where will they push her? Right into the arms of a man.

		

	
		
			THREE
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			Love and Trust

			MELISSA, A BRASSY San Francisco film producer, really wanted to fall in love. Her career was finally chugging along at a steady pace, and at age thirty-two, she was ready to move into the next phase of her life. She now wanted a family and the continuity of a relationship with a man who would stick by her for more than a few sexually charged months. The only problem was that she couldn’t seem to connect with the right one. She would go on countless dates through setups, or with men she met on the Internet, but none was touching off the flurry of butterflies in her stomach or that intense, irrational need to be around him all the time.

			One night her best friend, Leslie, called and asked Melissa to go salsa dancing. But Melissa wasn’t in the mood. She wanted to stay home, relax, and watch TV, but Leslie was relentless, so Melissa acquiesced. She tousled her curly hair to look sexy, put on a swirly skirt, her new red suede heels, and bee sting red lipstick, which made her mouth pop out. She grabbed a taxi over to the dance club.

			Leslie was already inside drinking a margarita when Melissa arrived. As they were getting loose to hit the dance floor, Melissa saw a tall, handsome man with a sculpted face, olive skin, and a shock of nearly black hair across the room. “Wow, he’s gorgeous,” she said.

			She turned back to Leslie and whispered for her to glance over at the man, but it was too late. He was already walking toward them. Melissa was locked in gaze with this stranger. A wave of energy shot up her back. It was the feeling she hadn’t experienced in all the months of her bad dates. There was something vaguely familiar about him. “Hmm, who is that?” she whispered under her breath to Leslie, as her brain’s cortex scanned her memory banks. No match was found, but all her attention circuits were now on “mating alert status.” Is he here alone or with someone? she wondered. She looked around for the one of the gorgeous women who always seem to be attached to these perfect-looking guys but saw no one. And he was still walking toward her.

			The closer he got, the more unfocused Melissa became on her friend’s story. She grabbed her drink tightly. Her eyes and attention were riveted on him, taking in every detail—his leather Armani shoes, his sexy black cords, and no wedding ring on his left finger. Everything else dropped into the background as her brain honed to make contact. She felt like she was falling in love. The mating impulse had taken over.

			“Hi, I’m Rob,” he said, leaning against the bar nervously. His voice was pure velvet. “Have we met before?” Melissa was unable to hear his words. She could only bask in the feel of him, his earthy smell, and his devilish green eyes.

			The dance of romance had begun, and its choreographer was not her friend or a matchmaker. It was the biology of Melissa’s brain. We know that the symmetry of physiques and faces that entrance us, the moves that seduce us, and the heart-pounding passion of attraction are all hardwired into our brains’ love drive by evolution. Short- and long-term “chemistry” between two people may seem accidental, but the reality is that our brains are preprogrammed to know better. They subtly but firmly steer us toward partners who can boost our odds in the sweepstakes of human reproduction.

			Melissa’s brain is beginning to imprint Rob. Her hormones are surging. As he tells her that he is a marketing consultant who lives in a loft in Potrero Hill and musters up the nerve to ask her to dance, her brain, faster than a supercomputer, calculates the qualities that might put him in the running as a mating partner. Already some green light is flashing that he’s a good one, and wham, hot, knee-buckling waves of attraction and desire are flooding her body with a heady rush of dopamine—sparking euphoria and excitement. Her brain has also ordered her a shot of testosterone, the hormone that stokes sexual desire.

			As Rob speaks, he is also sizing up Melissa at a closer view. If his calculations come out positive, he’ll get a neurochemical jolt, too, prodding him to try to hook up with her. With their love circuits mutually revved up, the two move onto the dance floor and spend the next few hours locked in sweaty salsa rhythms. At 2:00 A.M., the music slows down and the club begins to empty. Leslie has gone home hours earlier. Standing on the corner, Melissa says that she has to go and flirtatiously turns on her high heels. “Wait,” Rob says. “I don’t have your number. I want to see you again.” “Google me and you’ll find me,” she replies, smiling and jumping into a cab. Now the chase begins.

			For men and women, the initial calculations about romance are unconscious, and they’re very different. In short-term couplings, for example, men are chasers and women are choosers. That’s not sex stereotyping. It’s our inheritance from ancestors who learned, over millions of years, how to propagate their genes. As Darwin noted, males of all species are made for wooing females, and females typically choose among their suitors. This is the brain architecture of love, engineered by the reproductive winners in evolution. Even the shapes, faces, smells, and ages of the mates we choose are influenced by patterns set millennia ago.

			The truth is, we’re much more predictable than we think. Over the course of our evolution as a species, our brains have learned how to spot the healthiest mates, those most likely to give us children, and those whose resources and commitment can help our offspring survive. The lessons that early men and women learned are deeply encoded in our modern brains as neurological love circuits. They are present from the moment we’re born and activated at puberty by fast-acting cocktails of neurochemicals.

			It’s an elegant system. Our brains size up a potential partner, and if he fits our ancestral wish list, we get a jolt of chemicals that dizzy us with a rush of laser-focused attraction. Call it love or infatuation. It’s the first step down an ancient pair-bonding path. The gates have opened to the courtship-mating-parenting brain program. Melissa may not have wanted to meet anyone that night, but her brain had other plans that are deep and primitive. When it saw Rob across the room, a signal went off for mating and long-term attachment, and she was lucky that his brain felt the same way. Each of them will come up against anxiety, threats, and mind-numbing joys, over which they have little control because now biology is building their future together.

			MIND-SET ON MATING

			As Melissa struts along the city streets, sips her latte, or cruises the Internet for potential dates while she’s waiting for Rob to locate her number on her website—she did tell him the name of her latest film, so if he is smart, he’ll find her—it’s not easy to believe that what’s inside her cranium is a Stone Age brain. But that’s the case, according to scientists who study the mate-attraction engineering of the human mind. We spent more than 99 percent of the millions of years it took human beings to evolve living in primitive conditions. As a result, the theory goes, our brains developed to solve the kinds of problems that those early human ancestors encountered. The most important challenge they faced was reproduction. It wasn’t just a matter of having children. It was making sure those children lived long enough to propagate their genes. Early people whose mating choices produced more surviving offspring succeeded in passing their genes on. Their specific brain systems for courtship attraction were more successful. Ancestors who made the wrong reproductive moves left no imprint on the future of the species. As a result, the brain wiring of the best Stone Age reproducers became the standard-issue circuitry of modern humans. This courtship circuitry is what is commonly known as “falling in love.” We may think we’re a lot more sophisticated than Fred or Wilma Flintstone, but our basic mental outlook and equipment are the same.

			That our mental instincts haven’t changed in millions of years may explain why women, worldwide, look for the same ideal qualities in a long-term mate, according to the evolutionary psychologist David Buss. For over five years, Buss studied the mate preferences of more than ten thousand individuals in thirty-seven cultures around the world—from West Germans and Taiwanese to Mbuti Pygmies and Aleut Eskimos. He discovered that, in every culture, women are less concerned with a potential husband’s visual appeal and more interested in his material resources and social status. Rob had told Melissa he was a marketing consultant—they were a dime a dozen in San Francisco, and Melissa had seen more than a few go out of business. She didn’t realize that this thought was making it hard for her to figure out if Rob was Mr. Right or Mr. Right Now.

			Buss’s findings may be uncomfortable at a time when many females are achieving at high levels and are proud of their social and financial independence. Nevertheless, he found that, in all thirty-seven cultures, females value these qualities in a mate much more than males do, regardless of the females’ own assets and earning capacity. Melissa may be an independent economic unit, but she wants her partner to provide, too. Female bowerbirds share this preference by choosing to mate with the male who has built the most beautiful nest. My husband jokes that he’s like a male bowerbird, since he built a beautiful house several years before we met, and it was ready and waiting for me. Women, researchers have found, also look for mates who are, on average, at least four inches taller and three and a half years older. These female mate preferences are universal. As a result, scientists conclude, they’re part of the inherited architecture of the female brain’s mate-choice system—and are presumed to serve a purpose.

			According to Robert Trivers, a pioneering evolutionary biologist at Rutgers University, choosing a mate based on these attributes is a savvy investment strategy. Human females have a limited number of eggs and invest far more in bearing and raising children than males do, so it pays for women to be extra careful with their “family jewels.” This is why Melissa didn’t jump into bed with Rob on the first night, even though the dopamine and testosterone surging through her brain’s attraction circuits made him hard to resist. It’s also why she kept a number of other guys on her dance card. While a man can impregnate a woman with one act of intercourse and walk away, a woman is left with nine months of pregnancy, the perils of childbirth, months of breast feeding, and the daunting task of trying to ensure that child’s survival. Female ancestors who faced these challenges alone were likely to have been less successful in propagating their genes. Though single motherhood has become fashionable among some sets of modern women, it remains to be seen how well this model will succeed. Even today, in some primitive cultures, the presence of a father triples children’s survival rate. As a result, the safest bet for females is to partner long-term with males who are likely to stick around, protect them and their children, and improve their access to food, shelter, and other resources.

			Melissa was smart to take her time and make sure Rob was a good catch. Her dream was a husband whom she loved, and who loved and worshiped her back. Her worst fear was a man who might be unfaithful, the way her father was to her mother. After the night at the dance club, she got a number of positive clues. Rob was taller, older, and appeared financially comfortable. In the grand, Stone Age scheme of things, he fit the bill, but it still wasn’t clear whether he was the long-term type.

			CHEMICAL ATTRACTION

			If Melissa’s ancient brain circuitry was scanning for assets and protection, what was Rob’s brain looking for in a long-term partner? According to Buss and other scientists, something completely different. Worldwide, men prefer physically attractive wives, between ages twenty and forty, who are an average of two and a half years younger than they are. They also want potential long-term mates to have clear skin, bright eyes, full lips, shiny hair, and curvy, hourglass figures. The fact that these mate preferences hold true in every culture indicates that they’re part of men’s hardwired inheritance from their ancient forefathers. It wasn’t just that Rob had a thing for girls with shiny curls. Melissa’s hair triggered his ancient attraction wiring.

			Why would these particular criteria top men’s lists? From a practical perspective, all of these traits, superficial as they may seem, are strong visual markers of fertility. Whether or not men know it consciously, their brains know that female fertility offers them the biggest reproductive payoff for their investment. With tens of millions of sperm, men are capable of producing an almost unlimited number of offspring as long as they can find enough fertile females to have sex with. As a result, their key task is to pair up with women who are likely to be fertile and reproduce. Pairing with infertile women would be a waste of their genetic futures. So, over millions of years, male brain wiring evolved to scan women for quick visual clues to their fertility. Age, of course, is one important factor; health is another. A high activity level, youthful gait, symmetrical physical features, smooth skin, lustrous hair, and lips plumped by estrogen are easily observable signs of age, fertility, and health. So it’s no wonder women are reaching for the plumping effects of collagen injections and the wrinkle smoothing of Botox.

			Shape, too, is a remarkably good indicator of fertility—breast implants notwithstanding. Before puberty, males and females have very similar body shapes and waist-to-hip ratios. Once the reproductive hormones kick in, however, healthy females develop curvier shapes, with waists that are about one-third narrower than their hips. Women with that body type have more estrogen and become pregnant more easily and at a younger age than those with waists that are closer in size to their hips. A thin waist also gives an instant clue to a woman’s reproductive availability, since pregnancy radically alters her silhouette. Social reputation is often a factor in male assessment, since the most reproductively successful males also need to pick women who will mate only with them. Men want to ensure their paternity but also to be able to count on a woman’s mothering skills to make sure that their offspring thrive. If Melissa had immediately gone to bed with Rob or showed off to him about all the guys she had had, his Stone Age brain might have judged that she would be unfaithful or had a bad reputation. That she was affectionate on the dance floor and went home at a proper hour in a taxi showed him she was a high-quality lady with whom to mate long-term.

			CALCULATING POTENTIAL DANGER

			Rob left a message on her machine, and Melissa waited a few days before calling him back. And although they had kissed on the first date, she had no plans of going to bed with him until she knew more about him. He was incredibly funny and charming, and seemed to have his life in order, but she needed to be sure on a gut level that she could trust him. The brain’s anxiety circuits usually fire around strangers—her amygdala’s fear circuits were still turned on full force. A natural cautiousness toward strangers is part of the brain wiring of both males and females, but women in particular give early, careful scrutiny to a man’s likely level of commitment when looking for a mate.

			Seduction and abandonment by males is an old ruse, going back to the beginning of our species; one study found that young college males admitted to depicting themselves as kinder, more sincere, and more trustworthy than they really are. Some anthropologists speculate that natural selection favored men who were good at deceiving women and getting them to agree to have sex. Females, as a result, had to get even better at spotting male lies and exaggerations—and the female brain is now well-adapted to this task. A study by the Stanford University psychologist Eleanor Maccoby showed, for example, that girls learn to tell the difference between reality and fairy tales or “just-pretend” play earlier than boys. By adulthood, modern females have fine-tuned their superior ability to read emotional nuance in tone of voice, eye gaze, and facial expressions.

			As a result of this extra cautiousness, the typical female brain isn’t as ready to admit to being overwhelmed by infatuation or the sheer excitement of sexual behavior as is the male. Women do reach the same or a higher romantic end point, but they’re often slower to confess to being in love and more careful than males in the beginning weeks and months of a relationship. Male brains have a different neurological love wiring. Brain-imaging studies of women in love show more activity in many more areas, especially gut feelings, attention, and memory circuits, while men in love show more activity in high-level visual processing areas. These heightened visual connections may also explain why men tend to fall in love “at first sight” more easily than women.

			Once a person is in love, the cautious, critical-thinking pathways in the brain shut down. Evolution may have made these in-love brain circuits to ensure we find a mate and then focus in exclusively on that one person, according to Helen Fisher, an anthropologist at Rutgers University. Not thinking too critically about the loved one’s faults would aid this process. In her study on being in love, more women than men said that their beloveds’ faults don’t matter much to them, and women scored higher on the test of passionate love.

			THE BRAIN IN LOVE

			Melissa and Rob were talking on the phone almost every night. Every Saturday they would meet in the park to take Rob’s dog for a walk, or at Melissa’s apartment to watch the dailies on her latest film. Rob was feeling stable in his job and had finally stopped talking about his former girlfriend, Ruth. This waning attachment to Ruth gave Melissa a clue that she wasn’t just a rebound and that he was ready to focus in on her exclusively. She had already, involuntarily, fallen in love with him but hadn’t told him yet. She began warming to his physical affection, allowing her sex drive to catch up with her love drive.

			Finally, after three months, Melissa and Rob fell passionately into bed after a day lying in the sun at the park totally entranced by each other. The pair was tumbling into full-blown consummated love.

			Falling in love is one of the most irrational behaviors or brain states imaginable for both men and women. The brain becomes “illogical” in the throes of new romance, literally blind to the shortcomings of the lover. It is an involuntary state. Passionately being in love or so-called infatuation-love is now a documented brain state. It shares brain circuits with states of obsession, mania, intoxication, thirst, and hunger. It is not an emotion, but it does intensify or decreases other emotions. The being-in-love circuits are primarily a motivation system, which is different from the brain’s sex drive area but overlaps with it. This fevered brain activity runs on hormones and neurochemicals such as dopamine, estrogen, oxytocin, and testosterone.

			The brain circuits that are activated when we are in love match those of the drug addict desperately craving the next fix. The amygdala—the brain’s fear-alert system—and the anterior cingulate cortex—the brain’s worrying and critical thinking system—are turned way down when the love circuits are running full blast. Much the same thing happens when people take Ecstasy: the normal wariness humans have toward strangers is switched off and the love circuits are dialed up. So romantic love is a natural Ecstasy high. The classic symptoms of early love are also similar to the initial effects of drugs such as amphetamines, cocaine, and opiates like heroin, morphine, and OxyContin. These narcotics trigger the brain’s reward circuit, causing chemical releases and effects similar to those of romance. In fact, there’s some truth to the notion that people can become addicted to love. Romantic partners, especially in the first six months, crave the ecstatic feeling of being together and may feel helplessly dependent on each other. Studies of passionate love show this brain state lasts for roughly six to eight months. This is such an intense state that the beloved’s best interest, well-being, and survival become as important as or more important than one’s own.

			During this early phase of love, Melissa was intensely memorizing every detail of Rob. When she had to go to L.A. for a week to show a piece of her new film project at a conference, both struggled with the separation. This was not just some fantasy; it was the pain of neurochemical withdrawal. During times of physical separation, when touching and caressing is impossible, a deep longing, almost a hunger, for the beloved can set in. Some people don’t even realize how bonded or in love they are until they feel this tugging at their heartstrings when the beloved is absent. We are used to thinking of this longing as only psychological, but it’s actually physical. The brain is virtually in a drug-withdrawal state. “Absence makes the heart grow fonder,” your mother would say as you were moaning in pain because he was away. I can remember the early days of dating my husband, when I already knew he was “the one” but he didn’t yet. During a brief separation he “decided” we should get married—thank goodness for dopamine and oxytocin withdrawal. His heartstrings finally got the attention of his very self-sufficient and independent male brain, as his friends and family will tell you.

			During a separation, motivation for reunion can reach a fever pitch in the brain. Rob was so desperate in the middle of the week for physical contact with Melissa that he flew down to see her for a day. Once reunion takes place, all the components of the original loving bond can be reestablished by dopamine and oxytocin. Activities such as caressing, kissing, gazing, hugging, and orgasm can replenish the chemical bond of love and trust in the brain. The oxytocin-dopamine rush once again suppresses anxiety and skepticism and reinforces the love circuits in the brain.

			Mothers often warn their daughters not to get too close too soon with a new boyfriend, and this advice may be wiser than they realize. The act of hugging or cuddling releases oxytocin in the brain, especially in females, and likely produces a tendency to trust the hugger. It also increases the likelihood that you will believe everything and anything he tells you. Injecting the hormone oxytocin or dopamine into the brain of a social mammal can even induce cuddling and pair bonding behavior without the usual prerequisite romantic love and sexual behavior, especially in females. And consider a Swiss experiment in which researchers gave a nasal spray containing oxytocin to one group of “investors” and compared them with another group who got a placebo nasal spray. The investors who got oxytocin offered up twice as much money as did the group who got only the placebo. The oxytocin group was more willing to trust a stranger posing as a financial adviser—feeling more secure that their investment would pay off. This study concluded that oxytocin triggers the trust circuits in the brain.

			From an experiment on hugging, we also know that oxytocin is naturally released in the brain after a twenty-second hug from a partner—sealing the bond between the huggers and triggering the brain’s trust circuits. So don’t let a guy hug you unless you plan to trust him. Touching, gazing, positive emotional interaction, kissing, and sexual orgasm also release oxytocin in the female brain. Such contact may just help flip the switch on the brain’s romantic love circuits. Estrogen and progesterone dial up these bonding effects in the female brain, too, by increasing oxytocin and dopamine. One study has shown that on different weeks of the menstrual cycle females get more of a rewarding jolt out of their brain chemicals. These hormones then activate the brain circuits for loving, nurturing behavior while switching off the caution and aversion circuits. In other words, if high levels of oxytocin and dopamine are circulating, your judgment is toast. These hormones shut the skeptical mind down.

			The drive to fall in love is always hovering in the background. Being in love, however, requires making room in your life and your brain for the beloved, actually incorporating him into your self-image via the brain’s attachment and emotional memory circuits. As that process unfolds, less oxytocin and dopamine stimulation is needed to sustain the emotional bond. So spending twenty-four hours a day locked in an embrace is no longer necessary.

			The basic drive for romantic attachment is hardwired in the brain. Brain development in utero, the amount of nurturing one receives in infancy, and emotional experiences all determine variations in the brain circuits for loving and trusting others. Melissa knew that her father was a philanderer, and that made her even more skeptical about falling in love and becoming attached. An individual’s readiness to fall in love and then form an emotional attachment can thus be affected by the brain circuit variations caused by experience and the hormonal state of the brain. Stress in the environment can help or hinder forming an attachment. The emotional attachments and bonds we make to our early nurturing figures last a lifetime. Those early nurturing figures become part of our brain circuits via the reinforcement provided by repetitive physical and emotional caretaking experiences or their lack. Safety circuits are formed based on these experiences with nurturing, predictable, secure figures. Without those experiences, there is little or no safety circuit formation in the brain. One could still fall in love for the short term, but long-term emotional attachment may be harder to achieve and sustain.

			THE MATED MIND

			How does the pressing reality of the “I’ve gotta have him every minute of the day” feeling in the brain transmute to an “Oh, hi, you again, sweetie. How’s everything?” state of mind? The hormone rushes of dopamine in the brain gradually calm down. If we had an MRI scanner to view the brain changes that occur when a woman goes from a state of early romantic love to a state of long-term coupling, we’d see the reward-pleasure circuits and the throbbing hunger-craving circuits dim down, while the attachment and bonding circuits would light up to a warm yellow glow.

			We know the rapturous feelings of passionate love don’t last forever—and for some, the loss of intensity can be disarming. This is how I met Melissa. After she had been involved with Rob for a year, she came to see me. She explained that, for the first five months, she and Rob had had wonderful, exciting sex every day and looked forward to each minute they spent together. Now they were living together, working at demanding jobs, and starting to talk about marriage and a family. But she had begun to “feel flat” about the relationship. Her gut feelings weren’t giving her that certainty anymore. It was alarming to her that she didn’t have as much interest in sex. Not that she had found or even wanted someone else. It was just that now, compared especially with the first five months of their relationship, things lacked the passion and excitement she had grown to expect. What was “wrong” with her? Was Rob the right guy? Was she normal? Could she ever be happy with him long-term if the sexual spark and intense gut feelings in their relationship were gone?

			Many people, like Melissa, think the loss of the romantic high of early love is a sign that a couple’s relationship is going south. In reality, however, the pair may be just moving into an, important, longer-term phase of the relationship, driven by additional neurological circuits. Scientists argue that the “attachment network” is a separate brain system—one that replaces the giddy intensity of romance with a more lasting sense of peace, calm, and connection. Now in addition to the exciting pleasure chemicals of the reward system, such as dopamine, the attachment and pair-bonding system regularly triggers the release of more of the bonding chemical oxytocin, keeping partners seeking the pleasure of each other’s company. Those brain circuits for long-term commitment and bond maintenance become more active. When researchers at University College, London, scanned the brains of people who were in love relationships for an average of 2.3 years, they found that, rather than the dopamine-producing brain circuits of passionate love, other brain areas, such as those linked to critical judgment, lit up. Activity in the brain’s attachment circuit is maintained and reinforced over the ensuing months and years by mutually pleasurable and positive experiences, all of which release oxytocin.

			From a practical perspective, this shift from head-over-heels love to peaceful pair bonding makes sense. Caring for children, after all, would be close to impossible if mates continued to focus exclusively on each other. The downshift in love’s mania and sexual intensity seems tailor-made to promote our genes’ survival. It’s not a sign of love grown cold, it’s a sign of love moving into a new, more sustainable phase for the longer term, with bonds forged by two neurohormones, vasopressin and oxytocin.

			Social attachment behavior is controlled by these neurohormones, made in the pituitary and the hypothalamus. The male brain uses vasopressin mostly for social bonding and parenting, whereas the female brain uses primarily oxytocin and estrogen. Men have many more receptors for vasopressin, while women have considerably more for oxytocin. To bond successfully with a romantic partner, males are thought to need both these neurohormones. Stimulated by testosterone and triggered by sexual orgasm, vasopressin boosts a male’s energy, attention, and aggression. When men in love experience the effects of vasopressin, they have a laserlike focus on their beloved and actively track her in their minds’ eyes, even when she isn’t present.

			Women, by contrast, are able to bond with a romantic partner once they experience the release of dopamine and oxytocin, triggered by touching and the giving and receiving of sexual pleasure. Perhaps keeping my feet warm isn’t my husband’s primary responsibility in bed, but cuddling to release oxytocin is. Over time, even the sight of a lover can cue a woman to release oxytocin.

			The exceptional bonding power of oxytocin and vasopressin has been studied in great detail by Sue Carter in those furry little mammals called prairie voles, who form lifelong mating partnerships. Like humans, the voles are filled with physical passion when they first meet and spend two days indulging in virtually nonstop sex. But unlike in humans, the chemical changes in the voles’ brains can be examined directly in the course of this frolicking. These studies show that sexual coupling releases large amounts of oxytocin in the female’s brain and vasopressin in the male’s. These two neurohormones in turn increase levels of dopamine—the pleasure chemical—which makes the voles love-struck only for each other. Thanks to that strong neurochemical glue, the pair is mated for life.

			In both males and females, oxytocin causes relaxation, fearlessness, bonding, and contentment with each other. And to maintain its effects long-term, the brain’s attachment system needs repeated, almost daily activation through oxytocin stimulated by closeness and touch. Males need to be touched two to three times more frequently than females to maintain the same level of oxytocin, according to a study by the Swedish researcher Kerstin Uvnäs-Moberg. Without frequent touch—for example, when mates are apart—the brain’s dopamine and oxytocin circuits and receptors can feel starved. Couples may not realize how much they depend on each other’s physical presence until they are separated for a while; the oxytocin in their brains keep them coming back to each other, again and again, for pleasure, comfort, and calm. No wonder Rob flew off to L.A.

			SEX, STRESS, AND THE FEMALE BRAIN

			Vole studies have also highlighted attachment differences between males and females. For female prairie voles, pair bonding works best under conditions of low stress. For males, high stress works better. Researchers at the University of Maryland found that if a female prairie vole is put through a stressful situation, she won’t bond with a male after she mates with him. If a male prairie vole is stressed, however, he’ll quickly pair up with the first available female he finds.

			In humans, too, male love circuits get an extra kick when stress levels are high. After an intense physical challenge, for instance, males will bond quickly and sexually with the first willing female they lay eyes on. This may be why military men under the stress of war often bring home brides. Women, by contrast, will rebuff advances or expressions of affection and desire when under stress. The reason may be that the stress hormone cortisol blocks oxytocin’s action in the female brain, abruptly shutting off a woman’s desire for sex and physical touch. For her, nine months of pregnancy followed by caring for an infant under stressful conditions makes less sense than the quick deposit of sperm does for him.

			THE MONOGAMY GENE

			The love lives of different subspecies of voles also offer insights into brain mechanisms for monogamy, a trait that’s shared by only 5 percent of mammals. Prairie voles are champion couplers, forming monogamous, lifelong pair bonds after their marathon copulations. Montane voles, by contrast, never settle down with a single partner. The difference, scientists have discovered, is that prairie voles have what amounts to a gene for monogamy, a tiny piece of DNA that montane voles lack. As her relationship with Rob became more serious, Melissa began to worry. Was Rob a prairie vole or a montane vole?

			As far as researchers know, human males represent behaviors on a spectrum from totally polygamist to totally monogamous. Scientists speculate that different genes and hormones may account for this variability. There is a gene that codes for a particular type of vasopressin receptor in the brain. Prairie voles that carry this gene have more of the receptors in their brains than do montane voles; as a result, they’re much more sensitive to the pair-bonding effects of vasopressin. When researchers injected this “missing” gene into the brains of montane voles, the normally promiscuous males instantly turned into monogamous, pair-bonded, stay-at-home dads.

			Males who had a longer version of the vasopressin receptor gene showed greater monogamy and spent more time grooming and licking their pups. They also showed greater preference for their partners—even when given the chance to run off with a young, fertile, and flirtatious female. Males with the longest gene variation are the most reliable and trustworthy partners and fathers. The human gene comes in at least seventeen lengths. So the current joke among women scientists is that we should care more about the length of the vasopressin gene in our mates than about the length of anything else. Maybe someday there will be a drugstore test kit—similar to a pregnancy test—for how long this gene is, so you can be sure you’re getting the best guy before you commit. Male monogamy may therefore be somewhat predetermined for each individual and passed down genetically to the next generation. It may be that devoted fathers and faithful partners are born, not made or shaped by a father’s example.

			Our two closest primate cousins—chimpanzees and bonobos—also have different lengths of this gene, which match their social behaviors. Chimpanzees, who have the shorter gene, live in territorially based societies controlled by males who make frequent, fatal war raids on neighboring troops. Bonobos are run by female hierarchies and seal every social interaction with a bit of sexual rubbing. They are exceptionally social and have the long version of the gene. The human version of the gene is more like the bonobo gene. It would seem that those with the longer gene are more socially responsive. For example, this gene is shorter in humans with autism—a condition of profound social deficit. Differences in partner commitment behavior may therefore be related to our individual differences in the length of this gene and in hormones.

			Women, because they can have only one child every nine months, want to form faithful partnerships with men who will help raise those children. But reality is more complicated. We now know women cheat, too. Researchers have found that females of “monogamous” bird species seem to have affairs in order to land the best genes for their babies. Evolutionary scientists have long speculated that what applies to sparrows and roosters applies to human beings, too.

			BREAKING UP

			One night Rob didn’t call Melissa after he said he would. It was unlike him, and she started to freak out with worry. Was he hurt? Was he with another woman? Melissa could feel her fear physically. Strangely enough, the state of romantic love can be reignited by the threat or fear of losing one’s partner—of being dumped. Being dumped actually heightens the phenomenon of passionate love in the brain circuits of both men and women. That brain region desperately, hungrily seeks the loved one. Withdrawal—as if weaning from a drug—takes over. Moments of feeling as if your very survival is threatened occur, and a state of fearful alert is triggered in the amygdala. The anterior cingulate cortex—the part of the brain that engages in worry and critical judgment—starts to generate negative thoughts about losing the beloved. In this highly motivated, attentive state, obsessive thoughts of reunion take hold. This state elicits not trust and bonding, but painful, intense searching for the beloved. Melissa became crazed with thoughts of losing Rob. The part of herself that had become merged and expanded by his opinions, interest, beliefs, hobbies, mannerisms, and character was now in acute emotional, physical, and cognitive withdrawal, deep within the reward-driven areas of the brain.

			The exhilarating expansion of the self that happened rapidly during the romantic-rush stage of love is now in a painful retraction. And when women experience betrayal or loss of love, they also respond differently than men do. When love is lost, abandoned men are three to four times more likely to commit suicide. Women, by contrast, sink into depression. Jilted females can’t eat, sleep, work, or concentrate; cry all the time; withdraw from social activities; and think about suicide. My eighteen-year-old patient Louise, for example, had been inseparable for two years from her boyfriend, Jason, until the afternoon he left for college. He suddenly ended their relationship, telling her that he wanted to be free to date other girls while he was away. Four days later, I got an urgent call from Louise’s father. She had been lying on the floor wailing inconsolably, not eating or sleeping, calling for Jason and moaning that she would rather die than to be without him.

			Louise was hurting—literally—from the loss of love. Until recently, we thought that phrases like “hurt feelings” and “broken heart” were simply poetic. New brain-imaging studies, however, have revealed their accuracy. Rejection, it turns out, actually hurts like physical pain because it triggers the same circuits in the brain. Brain scans of people who have just been jilted by their beloveds also show the chemical shift from the high activity of romantic love to the flat biochemistry of loss and grief. Melissa wasn’t quite to this point yet. Without love’s surges of dopamine, the depression-despair response descends on the brain like a black cloud. This is what happened to Louise, but not to Melissa. Rob didn’t even realize that he was supposed to call her that night and had gone out to play poker with the boys. When he realized how much he had hurt Melissa, he apologized and promised always to call her. This episode made both Melissa and Rob realize how essential they had become to each other and actually motivated them to take the next step toward making their relationship permanent. They got engaged.

			It may be that the “brain pain” of lost love evolved as a physical alarm to alert us to the dangers of social separation. Pain captures our attention, disrupts our behavior, and motivates us to ensure our safety and end our suffering. Given the importance for human survival of finding a mate, reproducing, and gaining food, nurturance, and protection, the pain of loss and rejection is likely hardwired in our brains so we’ll avoid it—or at least move on quickly to another mate, who’ll sweep us off our feet on a new, rapturous dopamine- and oxytocin-intoxicated high. What’s the trigger for this high? Sex.

		

	
		
			FOUR
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			Sex: The Brain Below the Belt

			FINALLY, EVERYTHING WAS in place. Her mind was calm. The massage did the trick. Vacation was always the best place. No work, no worries, no phone, no e-mail. No place else for Marcie’s brain to run. Her feet were even warm, and she wasn’t thinking about getting up for a pair of socks. He was hot—and a great lover. She could let go and let it happen. Her brain’s anxiety center was shutting down. The area for conscious decision making wasn’t lighting up so intensely. The neurochemical and neurological constellations were aligning for orgasm. Blast off.

			Female sexual turn-on begins, ironically, with a brain turn-off. The impulses can rush to the pleasure centers and trigger an orgasm only if the amygdala—the fear and anxiety center of the brain—has been deactivated. Before the amygdala has been turned off, any last-minute worry—about work, about the kids, about schedules, about getting dinner on the table—can interrupt the march toward orgasm.

			The fact that a woman requires this extra neurological step may account for why it takes her on average three to ten times longer than the typical man to reach orgasm. So girls, tell your man to slow down and be patient, especially if you’re trying to get pregnant. Research has shown that the biological reason for males coming more quickly is that females who orgasm after the male has ejaculated are more likely to conceive.

			It’s a delicate system, but the connection to the brain is about as direct as it gets. Nerves in the tip of the clitoris communicate straight to the sexual pleasure center of the female brain. When those nerves are stimulated, they boost electrochemical activity until it hits a threshold, triggers a burst of impulses, and releases bonding, feel-good neurochemicals such as dopamine, oxytocin, and endorphins. Ah, climax! If stimulation of the clitoris is cut off too soon, if the clitoral nerves aren’t sensitive enough, or if fear, stress, or guilt interfere with stimulation, the clitoris is stopped dead in its tracks.

			Marcie came to see me when she met John. She had had her first long, deep relationship, with Glenn, in her early twenties, but it didn’t last, even though he was a good-looking guy and it had become a comfortable relationship in which she felt totally secure. She had really enjoyed their sex life and always had great orgasms with him, but he wasn’t the man she wanted to marry. When she started dating again and hooked up with John, she found her body didn’t respond as readily. It was not that John was a bad lover or had inadequate equipment. Just the opposite. He was more fun and even better looking than Glenn. But John wasn’t Glenn, the man she’d grown comfortable and safe with. John was new, so she felt tense with him and couldn’t have an orgasm. One day Marcie went to the doctor with a bad neck spasm, and he prescribed Valium to relax the muscle. She took a pill at dinner, and by the time she and John fell into bed and had sex, orgasm was no problem. The Valium had relaxed her brain, her amygdala was deactivated, and she was able to reach the neurochemical threshold of orgasm easily.

			If you’re not relaxed, comfortable, warm, and cozy, it’s not likely to happen. In a brain-scan study of female orgasm, researchers discovered that the women needed to be comfortable and have their feet kept warm before they felt like engaging in sex. For many women, being relaxed—thanks to a hot bath, a foot rub, a vacation, or alcohol—improves their ability to have an orgasm, even with partners they don’t feel completely comfortable with.

			Women deeply in love and in the early phases of passion, who feel that their partners desire and worship them, are more likely to have easy orgasms. For some women, the state of security offered by a committed relationship or marriage can allow the brain to reach orgasm more easily than with a new person. As the orgasm subsides, waves of oxytocin cause a woman’s chest and face to flush because the blood vessels expand. A glow of contentment and satisfaction surrounds her. Fear and stress are blocked out. But how this all happens remains a mystery to the men around us. Every woman has had the experience of lying in bed with a guy who asks, “Did you come?” Often, it’s just hard for him to tell.

			Because of the delicate psychological and physiological interconnection, female orgasm has been elusive to confused male lovers—and to scientists. For decades women have volunteered to be prodded, filmed, tape-recorded, interviewed, measured, wired, and monitored by scientists. The shortened breath, arched back, warm feet, grimacing face, unintentional vocalizations, and jumping blood pressure of women’s orgasm have all been measured. And now, because of MRI scans that show the activated and deactivated areas of the brain, we know much more about the female brain’s control of orgasm.

			If we took an MRI scan of Marcie’s brain as she headed for the bedroom with John, we’d find that many of her brain circuits would be highly activated. As she snuggled down between the warm sheets, cuddled up to John, and started kissing and hugging, certain areas of her brain would become more calm and the areas for genital and breast sensitivity would begin to light up. As John began to touch her clitoris, her glowing brain areas would start to spark red, and as she grew more excited while he rubbed her clitoris, her brain area for worries and fear—the amygdala—would deactivate into a calm blue. As she became more excited and pulled him inside her, the amygdala would completely deactivate and the pleasure centers would pulse red until—bingo—rapid, pulsing waves of orgasm flooded her brain and body.

			For a man, orgasms are simpler. Blood has to rush to one crucial appendage for sexual climax to take place. For a woman, the neurochemical stars need to align. Most important, she has to trust who she’s with.

			Since the male model of arousal is basic hydraulics—blood flows to the penis, leading to erection—researchers have looked endlessly for the same simple mechanism in women. Doctors have surmised that women’s arousal problems stem from low blood flow to the clitoris. There’s never been any evidence, however, that this is true—and no researchers have ever found ways of measuring physical changes in the clitoris when it’s aroused. Instead, they’ve groped for other indicators, such as lubrication, using clumsy methods such as weighing tampons before and after female research subjects watch erotic films. Scientific understanding of female sexual response is still decades—if not centuries—behind research on male erections, and the progress remains frustratingly slow. Even a recent anatomy textbook completely omitted a description of the clitoris while giving a three-page description of the penis. Medical doctors still feel that if a man can’t get an erection, it is a medical emergency, but no one seems to feel the same urgency about sexual satisfaction for women.

			Since Viagra’s explosive debut in 1998, scientific interest in sex differences has heated up. Drug companies have been falling over themselves trying to find a pill or patch that can reliably kindle female desire. So far their efforts to discover a pink Viagra for women have been a bust. In 2004, Pfizer officially ended its eight-year quest to prove that Viagra boosted blood flow to the clitoris and therefore increased sexual enjoyment in women.

			We now know for sure that, just as the female brain is not a smaller version of the male brain, the clitoris is not a little penis. The entire ring of tissues that surrounds the vaginal opening, the urethra, and the outer third of the vagina is connected by nerves and blood vessels to the tip of the clitoris—so all these tissues together are responsible for the excitation leading to orgasm. Some women refer to this area as their “ring of fire.”

			There is also no such thing as a vaginal versus a clitoral orgasm, as Freud erroneously thought. For nearly a century, his theory made women feel they were inadequate or not quite real women if they only had clitoral orgasms. Freud knew nothing at all, of course, about the anatomy of the clitoris or that of the female brain. Neuroscientists have discovered that the vagina is connected to the clitoris, and therefore the female orgasm is all from this one organ, which is connected to the pleasure centers in the brain. The clitoris really is the brain below the waist. The action, however, is not all below the waist, nor is it all guided by psychological factors. To the modern neuroscientist, the psychological and the physiological are not different—they are just opposite sides of the same coin.

			IT DOESN’T TAKE MUCH TO SPOIL THE MOOD

			Bad breath, too much slobber, a clumsy move with a knee, hand, or mouth, any little thing can spring the female amygdala back into action, cutting sexual interest and orgasm off at the pass.

			Bad past experiences can start to occupy a woman’s brain circuits, causing feelings of shame, awkwardness, or lack of safety. Twenty-eight-year-old Julie came to see me reporting she was unable to have an orgasm. She finally revealed that she had been molested by her uncle when she was a child and that the experience had made her dislike sex. She felt incredibly anxious when she had sex—even with her devoted, loving fiancé. Like Julie, four out of ten girls have had some kind of sexually upsetting experience in childhood that continues to occupy their brains with worries during adult sexual encounters—not being able to reach orgasm is one of the most common symptoms. Julie improved in her enjoyment of sex after getting both sex therapy and trauma therapy. Several months later she called me to report she’d had her first orgasm.

			Especially for women, both biological and psychological factors influence arousability. Multitasking women end up having more distractions, which occupy their brain circuits and get in the way of sexual desire. Three months after she took a new job that required long hours, another patient of mine began having trouble reaching orgasm. She didn’t have any downtime to relax with her husband, and she began faking orgasms to keep from hurting his ego. The worries and tension of her new job were interfering with her ability to relax, feel safe, and allow her amygdala to deactivate.

			The interference of worry and stress with sexual satisfaction may also be one reason women like vibrators. A vibrator applied to the clitoris can often provide a faster, easier orgasm. You don’t have to worry about the relationship, the guy’s ego, whether he’ll come too soon, or how you look in bed. Another patient of mine—divorced and in her forties—got so used to her vibrator that when she did become involved with a man again, she found he just wasn’t doing as good a job as her mechanical device. Finally, she took drastic measures—she buried her vibrator in the backyard in order to force herself to get used to a real penis.

			A woman needs to be put in the mood. Before sex, there has to be a soothing and smoothing of the relationship, and she has to be able to stop being annoyed with him. Anger at one’s partner is one of the most common reasons for sexual problems. Many sex therapists say that, for women, foreplay is everything that happens in the twenty-four hours preceding penile insertion. For men, it’s everything that happens three minutes before. Since many parts of a woman’s brain are active at once, she must get into the mood by first relaxing and reconnecting positively with her partner. This is why she needs a good twenty-four hours to get in the mood, and why going on vacation is such an intense aphrodisiac. It allows her to unplug from daily life stress. So men, yes, bring out the flowers, chocolates, and sweet words—they work. A woman can’t be angry at her man and want to have sex with him at the same time. And women, tell your men that if they plan on criticizing you or starting a fight on the day they are hoping to get lucky, they should think again. They will have to wait for the twenty-four-hour clock to reset before you’ll be ready.

			THE FUNCTION OF FEMALE ORGASM

			From an evolutionary perspective, male orgasm is no great mystery. It’s little more than a biologically simple ejaculation accompanied by an almost addictive incentive to seek out further sexual encounters. The theory goes that the greater the number of inseminations a male achieves, the better are his chances of having his genes represented in future generations. Women’s sexual climax is more complex and hidden—and can be easily faked. Women do not necessarily need to experience orgasm in order to conceive, though it helps.

			Despite some scientists’ belief that there is no purpose in female orgasm, it actually works to keep a woman lying down after sex, passively retaining sperm and increasing her probability of conception. Not to mention that orgasm is intense pleasure, and anything that feels good makes you want to do it again and again—just what Mother Nature had in mind. Others have suggested that female orgasm evolved to create a stronger partnership between lovers, inspiring in women feelings of intimacy and trust toward mates. An orgasm communicates a woman’s sexual satisfaction with and devotion to a lover.

			Many evolutionary psychologists have also come to view the female orgasm as a sophisticated adaptation that allows women to manipulate—even without their own awareness—which of their lovers will be allowed to fertilize her eggs. The quickened breath, moaning, racing heart, muscular contractions and spasms, and nearly hallucinatory states of pleasure that orgasm inspires may constitute a complex biological event with a functional design. Scientists believe orgasm may function as a “sperm competition,” through which women’s bodies and brains choose a winner.

			The muscular contractions and uterine suction associated with women’s orgasm have long been known to pull the sperm through the cervical mucus barrier. In one published account of the strength of the orgasmic suction into the cervix, a doctor reported that a patient’s uterine and vaginal contractions during sex with a sailor had pulled off his condom. Upon inspection, the condom was found inside the tiny cervical canal. This means that the female orgasm can function to pull sperm closer to the egg. Scientists have discovered that when a woman climaxes any time between one minute before and forty-five minutes after her lover ejaculates, she retains significantly more sperm than if she does not have an orgasm. No orgasm means fewer sperm are sucked up into the cervix—the entry portal to the uterus, where the egg lies waiting. While a man worries about a woman’s satisfaction with him as a lover—out of fear that she will stray or not want to have sex with him again—orgasmic females may actually be up to something far more clever. With her orgasms, a woman is deciding which partner will sire her children. If Marcie’s Stone Age brain thinks John is sexy and good-looking enough to be a good genetic bet for her offspring, having an orgasm with him becomes serious business.

			Biology has a way of winning out over our conscious minds by manipulating our reality to ensure evolutionary survival, so a woman’s unconscious brain circuits will choose the best-looking guy, since he will give her bigger orgasms. Behavioral ecologists have also noted that female animals—from scorpion flies to barn swallows—prefer males with high degrees of bilateral body symmetry, which means that both sides of the body match. The reason perfectly matching body parts may be important is that the translation of genes into parts of the body can be perturbed by disease, malnutrition, or genetic defects. Bad genes or disease can cause deviation from bilateral symmetry in traits such as hands, eyes, and even birds’ tail feathers, which are the visual features on which our female counterparts in the animal kingdom make their choices. Females want the best-looking guy to sire their offspring as well. The best males—those whose immune systems are strong, and who are healthy providers—develop with higher body symmetry. Females who choose symmetrical suitors are securing good genes for their offspring.

			Humans share this preference. In studies, women consistently choose men whose faces, hands, shoulders, and other body parts are more symmetrical. This is not a matter of mere aesthetics. A large and growing body of medical literature documents that symmetrical people are physically and psychologically healthier than their less symmetrical counterparts. So if the guy you’re dating is a little funny looking to you and you are put off, it may be nature signaling you about the quality of his genes. John just happened to be the best-looking man Marcie had ever dated, so maybe that had something to do with her desire to have him sire her children.

			Scientists have reasoned that if women’s orgasms are an adaptation for securing good genes for their offspring, then women should report more orgasms with good-looking, symmetrical mates. At the University of Albuquerque, researchers observed eighty-six sexually active heterosexual couples. Their average age was twenty-two, and the couples had been living together for two years—so trusting relationships had already been established. The researchers had each person privately—and anonymously—answer questions about his or her sexual experiences and orgasms. They then took photographs of each person’s face and used a computer to analyze the features for symmetry. They also measured various body parts—the width of elbows, wrists, hands, ankles, feet, leg bones, and the length of the second and fifth fingers.

			Indeed, the hypothesized relationship between male symmetry and female orgasm proved to be true. Reports provided by the women—and their lovers—indicated those whose partners were the most symmetrical enjoyed a significantly higher frequency of orgasms during sexual intercourse than those with less symmetrical mates.

			Handsome men know this firsthand. Studies show that symmetrical men have the shortest courtships before having sexual intercourse with the women they date. They also invest the least time and money on their dates. And these handsome guys cheat on their mates more often than do guys with less well-balanced bodies. This is not what we women would like to believe. Instead, we like the bonding hypothesis, which says that women with kind, caring mates will have the most orgasms. But the reality is that men may just come in two different categories. There are the ones for hot sex and the ones for safety, comfort, and child rearing. Women are constantly longing for both wrapped into one package, but sadly, science shows that this may be wishful thinking.

			Of course, no one is perfectly symmetrical, but we all do rate those with the greatest symmetry as being the best looking. To the researchers’ surprise, women’s romantic passion toward their mates did not increase the frequency of orgasm. Not only that but even though conventional wisdom holds that birth control and protection from disease increase orgasm rates among women—supposedly because they allow women to feel more relaxed during intercourse—no relationship emerged between female orgasm and the use of contraception. Instead, only how good looking the guy was correlated with a high frequency of female orgasm during copulation. After all, our brains are built for survival in the precontraceptive Stone Age. In evolutionary terms, condoms and the pill are just flashes in the pan—too recent to have changed the way we experience emotions or sex.

			THE BIOLOGY OF FEMALE INFIDELITY

			Mother Nature uses everything at her disposal to make sure couples get together and make babies, and this requires that sex happen at the right time of the month. Odors, for instance, are strongly linked to emotions, memory, and sexual behavior. Women’s noses and brain circuits are particularly sensitive just before ovulation—not just to ordinary scents but also to the imperceptible effects of male pheromones. Pheromones are social chemicals that humans and other animals release into the air from their skin and sweat glands. They are found in male body sweat. Pheromones alter brain perceptions and emotions and influence desires—such as desire for sex. The brain changes its odor sensitivity as the estrogen surge leads up to ovulation. A small quantity of a pheromone is all it takes; the amount released in one one-hundredth of a drop of human sweat is enough to have a powerful effect. No wonder the perfume industry is going crazy trying to add this stuff to perfume and aftershave.

			But what the scent industry doesn’t know is that this effect depends on the day and even the hour of the menstrual cycle. When preovulatory women, for instance, who are at the peak of their monthly fertility, are exposed to a pheromone from male sweat glands called androstadienone (an-dro-sta-DIE-en-own, a close cousin of androstenedione, an-dro-STEEN-die-own, the major androgen made by the ovaries), within six minutes their mood brightens and their mental focus sharpens. These airborne pheromones keep women from getting into a bad mood for hours afterward. Beginning at puberty, only female brains, not male brains, are able to detect the androstadienone pheromone, and they’re sensitive to it only during certain times of the month. It may be that androstadienone works on the emotions of females at their monthly reproductive peak to pave the way for social—and reproductive—interactions. It is interesting that Marcie mentioned to me during her first appointment that something about John’s smell captivated her.

			Using the body odor of men and the noses of women, Jan Havlicek of Charles University in Prague has hatched a controversial theory about pheromones and the female brain. He found that ovulating women who already have partners preferred the smell of other more dominant men but that single women showed no such preference. Havlicek argues that his findings support the theory that single women want nurturing men who will help raise a family. But once the home is secured, they have the biological urge to sneak around with men who have the best genes. Studies of mating patterns in species of birds once thought to partner for life showed that up to 30 percent of the baby birds were sired by males other than the ones taking care of them and living with their mothers.

			Yet another blow to the myth of female fidelity is the dirty little secret in human genetic studies—up to 10 percent of the supposed fathers researchers have tested are not genetically related to the children these men feel certain they fathered. Ethical constraints prevent scientists from revealing this detail to anyone. Why does this happen? Is the female brain more likely to trigger an orgasm and conceive with a male who isn’t her usual mate? Having an orgasm with a particularly desirable partner is thought to confer a reproductive advantage. Since a woman’s orgasm sucks the sperm high up into the female reproductive tract, an orgasm with an enticing male gives a greater likelihood that the sperm will make it to the egg. This increased chance of conception with a sexy partner might be why women typically are more attracted to other men on the second week of their menstrual cycle—right before ovulation—their most fertile and flirtatious time of the month.

			Another study found that women who have lovers on the side start to fake orgasm more often with their stable partners. Faking orgasm with their steady partners was more common even among women who reported only flirting with other men. Men are biologically geared to look for cues of sexual satisfaction for a reason—such satisfaction is reassurance about women’s fidelity. Faking orgasm may function to distract a woman’s primary partner from her infidelity. For men, faking sexual interest in their main partner is an old ruse to fool the women about the men’s fidelity—sometimes over many years of a marriage. Researchers have shown that when women do engage in extramarital sex, they retain fewer sperm from their main partners (their husbands, in many cases) and experience more copulatory orgasms during their trysts, retaining more semen from their secret lovers. Taken together, these findings suggest that female orgasm is less about bonding with only the nice guys you want to marry than about a shrewd, subconscious, primitive evaluation of outside lovers’ genetic endowment. Women are no more built for monogamy than men are. They are designed to keep their options open, and they fake orgasm to divert a partner’s attention from their infidelities.

			FUEL FOR LOVE

			The sexual desire trigger for both genders is the androgen testosterone, the chemical that is mistakenly called, by some, the “male hormone.” It’s actually a sex and aggression hormone, and both men and women have lots of it. Men produce it in their testes and adrenal glands, while women make it in their ovaries and adrenal glands. In both males and females, testosterone is the chemical fuel that gets the brain’s sexual engine going. When there’s enough fuel, testosterone revs the hypothalamus, igniting erotic feelings and arousing sexual fantasies and physical sensations in the erogenous zones. The process works the same way in men and women, but there’s a huge sex difference in the amount of testosterone that’s available to “turn on” the brain. Men have on average ten to one hundred times more testosterone than women.

			Even flirting is hardwired to testosterone. Studies have found that female rats with high testosterone levels are more playful than others and engage in more “darting” behavior, perhaps the rodent equivalent of sexual sassiness. In humans, the onset of sexual feelings and first intercourse for girls correlate with their testosterone levels. One study of eighth-, ninth-, and tenth-grade girls found that higher levels of testosterone were linked to more frequent sexual thoughts and more masturbation. Another study of adolescent girls revealed that rising testosterone was a significant predictor of first intercourse.

			Despite the sharp rise in sexual interest for both teen girls and teen boys spurred by testosterone, there’s still a significant difference in libido and sexual behavior. Between the ages of eight and fourteen, a girl’s estrogen level increases ten to twenty times, but her testosterone level rises only about five times. A boy’s testosterone level increases twenty-five-fold between ages nine and fifteen. With all that extra sexual rocket fuel, teen boys typically have three times more sex drive than girls of the same age—a difference that will persist through life. And while boys have a constantly rising level of testosterone through puberty, girls’ sexual hormones ebb and flow each week—changing their sexual interest almost daily.

			If a female’s testosterone drops below a certain level, she’ll lose sexual interest altogether. Jill, a forty-two-year-old premenopausal schoolteacher, had come to me complaining of no libido—which was causing marital problems. Her blood level of testosterone was very low, so I began treating her with testosterone therapy. To track her response to the hormone, I asked her to record how many sexual fantasies or dreams she had and how much she masturbated or was interested in masturbating. If we’d tracked only the number of times she had intercourse, that would most likely have given us a measure of her husband’s libido. I asked her to come back in three weeks to assess her progress. During the time between appointments, Jill mistakenly doubled her dose of testosterone. Her face was blushing bright red when she came into the clinic. She sheepishly told me of her mistake and said her sexual urges were now so strong that she was running into the bathroom between classes to masturbate. She said, “This is becoming a real bother, but now I know what it must feel like to be a nineteen-year-old boy!”

			If Jill had waited a little longer, another hormone in her menstrual cycle might have interfered with some of the flood of testosterone in her body. Testosterone is the main trigger the brain needs to ignite sexual desire, but it’s not the only neurochemical that affects female sexual interest and response. Progesterone, which rises in the second half of the menstrual cycle, curbs sexual desire and acts to reverse partially the effect of testosterone in a woman’s system. Some male sex offenders are even given injections of progesterone to decrease their sex drive. Women, too, have a decreased interest in sex when progesterone is high during the last two weeks of their menstrual cycle. Testosterone naturally rises—along with sexual urges—during the second week of the cycle, right before ovulation occurs at the peak of fertility. Estrogen does not cause increased sex drive by itself but peaks along with testosterone at the midpoint of the menstrual cycle. Estrogen tends to make females more receptive to sex and is essential for vaginal lubrication.

			THE GREAT SEXUAL DIVIDE

			The sex-related centers in the male brain are actually about two times larger than parallel structures in the female brain. When it comes to the brain, size does make a difference in the way women and men think about, respond to, and experience sex. Men, quite literally, have sex on their minds more than women do. They feel pressure in their gonads and prostates unless they ejaculate frequently. Males have double the brain space and processing power devoted to sex as females. Just as women have an eight-lane superhighway for processing emotion while men have a small country road, men have O’Hare Airport as a hub for processing thoughts about sex whereas women have the airfield nearby that lands small and private planes. That probably explains why 85 percent of twenty-to thirty-year-old males think about sex many times each day and women think about it once a day—or up to three or four times on their most fertile days. This makes for interesting interactions between the sexes. Guys often have to talk women into having sex. It’s not usually the first thing on women’s minds.

			These structural changes in the brain start as early as eight weeks after conception, when testosterone in the male fetus fertilizes the sex-related brain center—called the “area for sexual pursuit” in the hypothalamus—to grow larger. A second massive surge of testosterone at puberty then strengthens and enlarges other brain connections in the male that feed information to these sex centers, including the visual, smell, touch, and cognitive systems. The twenty-five-fold increase in testosterone between ages nine and fifteen fuels these larger sex connections in a male’s brain for the rest of his youth.

			Many of these structures and connections also exist in the female brain, but they’re half the size. Females, from a biological point of view, simply devote less mental space to sexual pursuits. And their sexual interest ebbs and flows along with their monthly ovarian testosterone cycles. Male brain systems for sex are on alert with every waft of perfume and every female that walks.

			WHAT WOMEN DON’T UNDERSTAND ABOUT WHAT SEX MEANS TO A MAN

			Jane and Evan, a thirty-something couple, came to see me with a familiar problem. Jane had just started a new job, gained some weight, and begun working extremely hard; she was putting all her time and energy—you might even say all her libido—into making a good impression at work. She found she simply wasn’t in the mood to have sex anymore. Her husband was baffled, since when he had started his new, demanding job the year before, he had wanted sex even more than usual. Nonetheless, once Evan got Jane started, she enjoyed sex and could reach orgasm. She just never felt like getting started. It’s the most common complaint among working women who come into my office.

			It seems harmless enough: “Honey, I’m exhausted. I haven’t eaten, work was really tough today, I’d love to cuddle in bed for a while, but really, I just want to eat, watch TV, and go to sleep. Is that okay?” He may say it is, but deep down, ancient wiring takes over. Remember, he’s thinking about sex literally every minute. If she doesn’t want to have sex, it can signal a waning of attraction or perhaps another man. In other words, the fading of love. Evan had insisted they come see me for some couple’s counseling because he was convinced that Jane didn’t love him anymore or, worse yet, that she was having an affair. As we discussed the differences between male and female brains, Jane realized that Evan’s brain’s reality had an unexpected reaction to her not wanting sex. His brain interpreted her lack of physical desire for him as “She doesn’t love me anymore.” Jane started being more sympathetic to what sex meant to her husband.

			It’s just like what happens with a woman and verbal communication. If her partner stops talking to her or responding emotionally, she thinks that he disapproves of her, that she’s done something wrong, or that he doesn’t love her anymore. She’ll panic that she’s losing him. She may even think he’s having an affair. Jane truly was just tired and didn’t feel attractive, but the thought took over in Evan’s mind that she was falling out of love with him. He began to appear jealous and possessive as his biological reality made him search for the other man. If she wasn’t having sex with him, she had to be doing it with someone else. After all, he would be. Once Jane understood all this, she told Evan what she had learned about sex being as important to a man as communication was to a woman, and she laughed when he said, “Great. Let’s have more male communication.”

			Evan now understood that Jane needed more warm-up time, and Jane now understood Evan’s need to be reassured that he was loved. And so they did have more “male communication.” One thing led to another, and Jane became pregnant. Her reality was about to shift again, and sex—sorry, Evan—would move a little further down the list of things to do. The mommy brain was taking over.
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			The Mommy Brain

			MOTHERHOOD CHANGES YOU forever,” my mother warned me. She was right. Long after my pregnancy, I’m still living and breathing for two—glued to my child, body and soul, by an attachment stronger than I ever thought possible. I’m a different woman since my child was born; and as a doctor, I appreciate why. Motherhood changes you because it literally alters a woman’s brain—structurally, functionally, and in many ways, irreversibly.

			It’s nature’s way, you could say, of ensuring the survival of the species. How else would you explain why someone like me—with absolutely no prior interest in children—felt born to be a mother after I came out of the drug-induced haze of a difficult labor? Neurologically, it was a fact. Deeply buried in my genetic code were triggers for basic mothering behavior that were primed by the hormones of pregnancy, activated by childbirth, and reinforced by close, physical contact with my child.

			As in Invasion of the Body Snatchers—or, more accurately, Invasion of the Brain Snatchers—a mother is altered from within by the lovable little alien she bears. It’s a trait we have in common with sheep, hamsters, monkeys, and baboons. Take, for example, a female Syrian hamster. Before she bears her young, she’ll ignore or even eat helpless pups. As soon as she gives birth, she gathers up her wriggling newborns, keeps them fed and warm, and grooms and licks them to trigger body functions the pups need to ensure their own survival.

			Humans are not quite so biologically determined. A woman’s innate brain wiring, like that of other mammals, responds to basic cues—the growing of a fetus in her womb; her baby’s birth; its suckling, touch, and smell; and frequent skin-to-skin closeness with her child. Even fathers, adoptive parents, and women who have never been pregnant can respond maternally after close, daily contact with an infant. These physical cues from the infant forge new neurochemical pathways in the brain that create and reinforce maternal brain circuits aided by chemical imprinting and huge increases of oxytocin. These changes result in a motivated, highly attentive, and aggressively protective brain that forces the new mother to alter her responses and priorities in life. She is relating to this person in a way she has never related to anyone else in her life. The stakes are life and death.

			In modern society, where women are responsible for not only giving birth to children but working outside the home to support them economically, these changes in the brain create the most profound conflict of a mother’s life. Nicole, a thirty-four-year-old investment banker, devoted years of her life to working hard in high school in order to get into Harvard University so that she could enter a prestigious career track giving her financial security and independence. Getting her Mrs. along with her B.A. was the furthest thing from her mind. After college she traveled the world, settled for a while into a job in San Francisco’s financial district, then entered business school at the University of California, Berkeley. She spent four years there, getting a double master’s in business administration and international relations in order to prepare herself for a career in the global economy. She finished Berkeley at twenty-eight and moved to New York, where she got a job as an associate at an investment bank.

			The more you do something, the more cells the brain assigns to that task, and Nicole’s circuits were becoming entirely focused on her job and career path. The next two years involved grueling but rewarding eighty-hour workweeks. She wanted to make her mark, and she put her mind, body, and soul into bonding with her career. But soon she met and fell in love with Charlie, a cute southern lawyer who worked across the hall from her; her brain began dividing the assignment of cells between her attachment to Charlie and her career. Thus, Nicole spent her early thirties learning to balance her relationship, which eventually turned into marriage, with her demanding job. There would soon be a third little person coming into her life, and the brain cells would be forced to divide again.

			BABY ON THE BRAIN

			Biology can hijack circuits in spite of our best intentions, and many women experience the first “mommy brain” symptoms long before they actually conceive a child, especially if they’ve been trying for a while. “Baby lust”—the deep-felt hunger to have a child—can hit a woman soon after she’s cradled someone else’s warm, soft newborn. Suddenly, even the least child-focused females can start craving the tender, delicious feel and smell of babies. They may chalk it up to ticking biological clocks, or the “me-too” influence of peers, but the real reason is that a brain change has occurred and a new reality has set in. The sweet smell of an infant’s head carries pheromones that stimulate the female brain to produce the potent love potion oxytocin—creating a chemical reaction that induces baby lust. After visiting my sister’s new baby, Jessica, for the first time when she was three months old, I was totally obsessed with babies for a long time. In a sense, I’d come down with an infectious condition that I’d caught—literally and physically—from my new niece: nature’s sneak attack to trigger the desire to have a baby.

			The mommy-brain transformation gets under way at conception and can take over even the most career-oriented woman’s circuits, changing the way she thinks, feels, and what she finds important. Throughout pregnancy, a woman’s brain is marinated in neurohormones manufactured by her fetus and placenta. Nicole was soon to experience firsthand the effects of these hormones. She and Charlie had barely come back from a weekend of love in upstate New York when it started to happen. If we had an MRI scanner looking inside Nicole’s brain, we’d see just her normal female brain as the sperm penetrates the egg. Within two weeks after the egg has been fertilized, it implants firmly in the uterine lining and attaches to Nicole’s blood supply. Once her blood supply and that of the fetus have been joined, hormonal changes begin in Nicole’s body and brain.

			Progesterone levels start to climb in Nicole’s bloodstream and brain. She soon feels her breasts become tender and her brain getting sedated. We’d see her brain circuits become mellow as she got a sleepy feeling, which would make her need to rest and eat more than usual. Her brain’s thirst and hunger centers are switched on full blast by the rising hormones. She will now need to produce up to double her normal blood volume. She never wants to be far from her water bottle, a faucet, or the bathroom. At the same time, her brain signals for eating, especially in the morning, become finicky as her brain is changing how it reacts to certain smells, especially of foods. She wouldn’t want accidentally to eat something that would harm her fragile fetus during the first three months of pregnancy. This is why her brain is now overly sensitive to smell, which may make her nauseated most of the time. She may even get to the point of retching every morning—or at least feeling she would like to—all because her brain circuits for smell have changed massively thanks to the hormones of pregnancy.

			Nicole struggles to get through every day during these first months of pregnancy. At work, all she can do is sit and stare at her stapler and try not to throw up. By the fourth month, however, a big transition occurs. Her brain has become accustomed to the massive hormone changes, and she can eat normally, even ravenously. Both her conscious and unconscious brain is now focused on what is going on in her uterus. As the fifth month rolls around, she starts to feel little gas bubbles in her abdomen; perhaps at first she thinks they are the usual gas gurgles from a big meal. But no, her brain is registering these as movements by her baby. The mommy brain has been hormonally primed for months, but not until now is Nicole consciously aware that she is growing a baby. She has been pregnant for almost half a year, and her brain has been changing and enlarging its smell circuits, thirst circuits, and hunger circuits, and putting the brakes on the pulsing cells in the hypothalamus that usually trigger her menstrual cycle. She is now ready for the love circuits to grow.

			With each new kick or movement, she starts getting to know her baby and longingly fantasizes about what it will be like to hold him or her in her arms. She can’t quite imagine it but hungers for it nonetheless. This is also the first time Charlie may become interested in his growing child—feeling the kicks and listening to Nicole’s abdomen for the little heartbeats. The baby may even tap-tap-tap back at him, and yes, fathers usually fantasize about a boy and mothers about a girl.

			I remember those intense cravings for odd foods and feeling like I would surely vomit at even the whiff of greasy food. All these changes are brain signals that something or someone has invaded your system. Progesterone spikes from ten to a hundred times its normal level during the first two to four months of pregnancy, and the brain becomes marinated in this hormone, whose sedating effects are similar to those of the drug Valium.

			This tranquilizing effect of progesterone and also high estrogen help protect against stress hormones during pregnancy. Those “fight-or-flight” chemicals, such as cortisol, are produced in large quantities by the fetus and placenta, so the mother’s body and brain are flooded with them. By late pregnancy, the stress hormone levels in a woman’s brain are as high as they would be during strenuous exercise. Oddly enough, though, these hormones don’t result in the feeling of stress during pregnancy. Their impact is to make a pregnant woman vigilant about her safety, nutrition, and surroundings, and less attuned to other kinds of tasks, such as making conference calls and organizing her schedule. That’s why, especially in the last month or so of pregnancy, Nicole starts to feel distracted, forgetful, and preoccupied. Not since puberty have there been so many changes going on in her brain at once. Of course, each woman’s response depends on her psychological state and the events in her life, but these are the biological underpinnings of her changing reality during pregnancy.

			At the same time, the size and structure of a woman’s brain are changing, too. Between six months and the end of pregnancy, f MRI brain scans have shown that a pregnant woman’s brain is actually shrinking. This may be because some parts of her brain get larger as others get smaller—a state that gradually returns to normal by six months after giving birth. In animal studies, we’ve seen that the thinking part of the brain, the cortex, enlarges during pregnancy, revealing the complexity and flexibility of female brains. Scientists still don’t know exactly why brain size changes, but it seems to be an indication of the massive brain restructuring and metabolic changes going on. It’s not that a woman is losing brain cells. Some scientists believe the mother’s brain shrinks because of changes in cellular metabolism required for restructuring brain circuits—getting ready to turn some one-lane highways into superhighways. So while the body is gaining weight, the brain is actually losing it. In the final one to two weeks before giving birth, the brain begins to increase again in size as it constructs large networks of maternal circuits. Otherwise, the child’s first sentence would have to be “Mommy, I shrunk your brain.”

			THE BIRTH OF THE MOMMY BRAIN

			As her due date approaches, Nicole’s brain will become almost exclusively preoccupied with her baby, and with fantasies about how she is going to make it through all the pain and physical effort to push out a healthy child without killing herself or the baby. Her mommy brain circuits switch to high alert. She gets bursts of energy even though she feels like a beached whale and can only waddle. Charlie also becomes preoccupied, not with the birthing process so much as with physical things—such as space for the baby, painting its room, and acquiring all the necessary equipment, most of which Charlie had purchased months ago. He suddenly thinks of six more things they will need. The daddy brain circuits are rapidly connecting up for the big event. Now the countdown to birth begins.

			Nicole was given a due date but told it could be up to two weeks earlier or two weeks later. This is because each baby gets ready to be born at its own pace. This will be the first of many times Nicole and Charlie are held hostage to the innate timing of their child’s developmental schedule, which rarely fits with what they have in mind.

			The day finally arrives. Nicole’s water breaks, and the amniotic fluid comes flooding down her legs. The baby is head down and ready. The mommy brain is switched on right at birth by a cascade of oxytocin. Cued by signals coming from the fully developed fetus when it is ready to be born, a pregnant woman’s level of progesterone suddenly collapses, and oxytocin pulses flood her brain and body, causing the uterus to start contracting.

			As the baby’s head moves through the birth canal, more bursts of oxytocin fire in the brain, activating new receptors and forging thousands of new connections between neurons. The result at birth can be euphoria, induced by oxytocin and dopamine, as well as profoundly heightened senses of hearing, touch, sight, and smell. One minute you’re sitting there, an awkward, beached whale, and the next your uterus is lurching into your throat and you can’t believe that it’s feasible to do the pelvic equivalent of expelling a watermelon through your nostril. After too many hours for most of us—the ordeal is over and your life and brain have changed forever.

			In the mammal world, there’s nothing unusual about these brain changes at birth. Take sheep, for instance. When a baby lamb passes through its mother’s birth canal, oxytocin pulses rewire the ewe’s brain in minutes, making it exquisitely sensitive to its baby’s smell. For five minutes or less, just after birth, she’s able to imprint the odor of her newborn. After that, she’ll permit only her own lamb to nurse, rejecting others, which have unfamiliar smells. If she doesn’t get to smell her own baby in those first five minutes, she will not recognize it and thus reject it, too. The act of birth triggers rapid neurological changes in the ewe that can be seen in her brain anatomy, neurochemistry, and behavior.

			For the human mother, the lovely smells of her newborn’s head, skin, poop, spit up breast milk, and other bodily fluids that have washed over her during the first few days will become chemically imprinted on her brain—and she will be able to pick out her own baby’s smell above all others with about 90 percent accuracy. This goes for her baby’s cry and body movements, too. The touch of her baby’s skin, the look of its little fingers and toes, its short cries and gasps—all are now tattooed on her brain. Within hours to days, overwhelming protectiveness may seize her. Maternal aggression sets in. Her strength and resolve to care for and protect this little being completely grab the brain circuits. She feels as if she could stop a moving truck with her own body to protect her baby. Her brain has been changed, and along with it her reality. It is perhaps the biggest reality change of a woman’s life.

			Ellie, a thirty-nine-year-old first-time mother, had been happily married for two years to a self-employed salesman when she came to see me. During the first year of their marriage, she had lost a baby to miscarriage. Within six months she was pregnant again. Soon after her daughter’s birth, she began having “freak-outs,” as she called them, about her husband’s earning power and lack of health care benefits. In truth, their financial situation hadn’t changed at all, and she’d never had any of these misgivings before. Now, however, she was blazingly angry with her husband for not providing a more secure home for her and their baby girl. Her needs and reality had changed radically, virtually overnight, and her new, protective maternal brain was tightly focused on her husband’s ability to provide for the family.

			With their aggressive, protective instinct fully primed, mothers become hypervigilant about all aspects of their home turf, especially infant safety, such as having babyproof electrical plug covers, installing latches on the kitchen cabinet doors, and making sure everyone washes their hands thoroughly before touching the baby. Like a human global positioning system, a mother’s brain centers for sight, sound, and movement are honed in on monitoring and tracking her baby. This increased vigilance can take all forms, depending on the threat a mother sees to the safety and stability of her “nest.” Even reassessment of her husband’s role as provider is not unusual.

			The maternal brain circuits change in other ways, too. Mothers may have better spatial memory than females who haven’t given birth, and they may be more flexible, adaptive, and courageous. These are all skills and talents they will need to keep track of and protect their babies. Female rats, for example, that have had at least one litter are bolder, have less activity in the fear centers of their brains, do better on maze tests because they are better at remembering, and are up to five times more efficient in catching prey. These changes last a lifetime, researchers have found, and human mothers may share them. This transformation holds true even for adoptive mothers. As long as you’re in continuous physical contact with the child, your brain will release oxytocin and form the circuits needed to make and maintain the mommy brain.

			THE DADDY BRAIN

			Expectant dads go through hormonal and brain changes that roughly parallel those of their pregnant mates. This may explain the strange experience of my patient Joan. She and her husband, Jason, were ecstatic when their pregnancy test came back positive. Three weeks into the pregnancy, however, Joan began to have violent morning sickness. By her third month, she’d gradually improved—but then, to his surprise, Jason started feeling so nauseated in the morning that he couldn’t eat breakfast and could barely drag himself out of bed. He lost five pounds in three weeks and was worried that he had a parasite. But what Jason actually had was Couvade Syndrome, a common complaint of expectant dads (up to 65 percent worldwide) who share some of the symptoms of pregnancy with their partners.

			In the weeks before birth, researchers have found, fathers have a 20 percent rise in their level of prolactin, the nurturing and lactation hormone. At the same time, their level of the stress hormone cortisol doubles, increasing sensitivity and alertness. Then, in the first weeks after birth, men’s testosterone plummets by a third, while their estrogen level climbs higher than usual. These hormone changes prime their brains for emotionally bonding with their helpless little offspring. Men with lower testosterone levels actually hear the cries of babies better. They don’t hear quite as well as moms, however, when babies whimper, for example, fathers are slower than mothers to respond, although they tend to react just as quickly when a baby screams. Men’s lower testosterone levels also decrease their sex drive during this time.

			Testosterone suppresses maternal behavior, in females as well as males. Fathers who have Couvade Syndrome have higher levels of prolactin than other fathers do and steeper drops in testosterone when they interact with their babies. It may be, scientists think, that pheromones produced by a pregnant woman can cause these neurochemical changes in her mate, preparing him to be a doting father and equipping him—secretly, through smell—with some of the special nurturing mechanisms of the mommy brain.

			HIJACKING THE PLEASURE CIRCUITS

			Unlike sheep, most human females take longer than five minutes to bond with their newborns, but the window doesn’t close that fast for humans. This is good news for women like me, who had less than ideal birth experiences, involving anesthesia, C-sections, or premature labor and delivery. By the time my son was born—after thirty-six hours of contractions, epidural anesthesia, and morphine—I was feeling a little dazed and only mildly curious to see the little guy. It wasn’t the warm wave of gooey maternal love I had expected to feel immediately for my baby, partly because anesthesia and morphine mute the effects of oxytocin. Only after I emerged from my drugged state did I feel alert and protective. And I soon fell addictively, hopelessly in love with my new son, with all my maternal wiring and sensitivities fully firing.

			“In love” is a phrase, in fact, that many mothers use to describe their feeling for their babies. And, not surprisingly, mother love looks a lot like romantic love on a brain scan. Researchers hooked new mothers up to brain-monitoring equipment and showed them photographs of their own children, then pictures of their romantic partners. The scans revealed that the same oxytocin-activated regions of the brain lit up in response to both photos. Now I know why I felt so passionately about my child, and why my husband was sometimes jealous. In both types of love, surges of dopamine and oxytocin in the brain create the bond, switching off judgmental thinking and negative emotions and switching on pleasure circuits that produce feelings of exhilaration and attachment. Scientists at University College in London found that the parts of the brain usually available for making negative, critical judgments of others—for example, the anterior cingulate cortex—are turned off when one is looking at a loved one. The tender nurturing response of the oxytocin circuits is reinforced by the feeling of pleasure created by bursts of dopamine, the pleasure and reward chemical. Dopamine is jacked up in the mommy brain by estrogen and oxytocin. This is the same reward circuit set off in a woman’s brain by intimate communication and orgasm.

			Being hopelessly in love with my baby soon became for me a permanent state of mind, reinforced daily. This is not to say the trials and tribulations of taking care of a new baby—such as having a whole day go by without having time for a shower and having gotten no sleep the night before—didn’t get to me, too. (New mothers lose an average of seven hundred hours of sleep in the first year postpartum.) As Janet, one of my best girlfriends, who had just had a baby, too, commented, “Now you know why they say one kid and your life changes, two kids and your life is over.” It’s a good thing that in most cases the maternal pleasure button gets pushed over and over again, and the bonds grow tighter the longer the baby is close physically.

			This increased bonding includes the effects of breast feeding. Most women who nurse their babies have an extra benefit: regular stimulation of some of the most pleasurable aspects of the mommy brain. In one study, mother rats were given the opportunity to press a bar and get a squirt of cocaine or press a bar and get a rat pup to suck their nipples. Which do you think they preferred? Those oxytocin squirts in the brain outscored a snort of cocaine every time. So you can imagine what a reinforced behavior breast feeding is. It had to be good to guarantee the survival of our species. When a baby grasps its mother’s breast with tiny hands and suckles on her nipple, it triggers explosive bursts of oxytocin, dopamine, and prolactin in the mother’s brain. Breast milk then begins to flow. At first, all that tugging at your sore, bleeding nipples can make you think it will be impossible to get through another day of breast-feeding torture. But after a few weeks—if you haven’t been driven to hara-kiri—you’ll be able to quiet your screaming infant and calm yourself down by breast feeding. Within three or four weeks, the experience begins to become downright pleasurable. And not just because the pain has stopped. You start to look forward to breast feeding—unless you are so sleep-deprived that you can only go through your day in a dreamlike state. But at some point in the first few months, you may realize that breast feeding has become easy and you really, really enjoy it. Your blood pressure drops, you feel peaceful and relaxed, and you’re basking in waves of oxytocin-inspired loving feelings for your baby.

			Often mother love and breast feeding replace or interfere with a new mother’s desire for her partner. Lisa came to see me a year after the birth of her second child. “Having sex,” she told me matter-of-factly, “is no longer on my list of top ten things to do. I’d much rather catch up on sleep or the million different chores I can never finish. But my husband is getting very irritable, even angry, that sex isn’t a priority for me.” When I asked Lisa how other things in her life were going, she described the wonderful feeling she got being physically close and skin to skin with her young children. Tears, in fact, welled up in her eyes when she told me how much she loves and feels “in love with” her youngsters. Her one-year-old was still breast feeding two or three times a day, and she said she could never have imagined such a complete, selfless sense of connection with another. “I love my husband,” Lisa assured me, “but a lot of things are more important right now than taking care of his sexual needs. Sometimes I wish he’d just leave me alone.”

			Lisa’s experience isn’t unusual, and it’s based on hardwired responses in her maternal brain. Lisa—like all women who are in skin-to-skin contact with babies and breast feeding—has a brain that’s marinating in oxytocin and dopamine making her feel loved, deeply bonded, and physically and emotionally satisfied. It’s no wonder that she has no need for sexual contact. Many of the positive feelings she usually gets from sexual intercourse are evoked, several times daily, by meeting the basic physical needs of her young children.

			BREAST FEEDING AND THE FUZZY BRAIN

			Every benefit has a cost, however, and one downside of breast feeding can be a lack of mental focus. Although a fuzzy-brained state is pretty common after giving birth, breast feeding can heighten and prolong this mellow, mildly unfocused state. Kathy, age thirty-two, came to see me frightened about the state of her memory. She was becoming increasingly absentminded and had even “forgotten” to pick up her seven-year-old son from school. She was still breast feeding her eight-month-old daughter and had noticed that she was getting more “ditsy” by the day. She told me, “What really worries me is that I’ll go into a room to get something and forget what I was looking for—not once but up to twenty times a day.” Kathy was particularly alarmed since her mother had Alzheimer’s and she thought that these could be early symptoms of the illness. As we talked, Kathy remembered that she’d also been forgetful after the birth of her first child, and that the confusing state had passed soon after she she’d weaned her son.

			The parts of the brain responsible for focus and concentration are preoccupied with protecting and tracking the newborn for these first six months. Remember, too, that besides lack of sleep, a woman’s brain size returns to normal only at six months postpartum. Until then, as Kathy discovered, the level of mental fog can be alarming. A distinguished scientist I know was stunned, ten days after giving birth, to find that she couldn’t even summon the basic words and phrases to hold an intelligent conversation. Several months later, however, once she had stopped breast feeding, she was as sharp as ever.

			For most women, a little ditsiness may be a small price to pay for the benefits of nursing. And babies share the rewards. In fact, they’re crucial partners in the neurological act of breast feeding. The hormones released by breast feeding and skin-to-skin contact spur the maternal brain wiring to forge new connections. The longer and more often a baby suckles, the more it triggers the prolactin-oxytocin response in the mommy brain. Pretty soon, a mother may feel her breasts tingling and leaking at the sight, sound, touch, or merely passing thought of nursing her baby. The immediate payoff for the infant is food and comfort. Oxytocin dilates blood vessels in the mother’s chest, warming her nursing child, who also gets doses of feel-good compounds in the breast milk. The milk stretches the baby’s stomach as it is fed releasing oxytocin in the baby’s brain, too. This quiets and calms the baby—not just from the meal but from those relaxing waves of hormone.

			Many mothers suffer “withdrawal” symptoms when they’re physically separated from their babies, feeling fear, anxiety, and even waves of panic. It is now recognized that this is more than a psychological state but is a neurochemical state. I can remember returning to work when my son was five months old and packing my breast pump with me. The mommy brain, it turns out, is a finely tuned instrument, and separation, especially from a nursing baby, can upset a mother’s mood, perhaps through a decline in the stress-regulating brain levels of oxytocin. I was a wreck on most days, but I thought it was just the stress of working at a full-time job at the hospital and trying to run a household, too.

			Nursing mothers also go through withdrawal symptoms when they wean their babies. Since weaning often occurs in conjunction with returning to a stressful workplace, mothers may be flipped into an agitated, anxious state. Can you imagine how most breast-feeding mothers must feel at the end of eight hours or more at work? At home, they had oxytocin rushes flooding their brains every few hours from nursing their babies. At work, their usual supply is cut off, since oxytocin lasts only one to three hours in the bloodstream and brain. I can remember the intense desire I had by three o’clock most days to go home to my baby. Many mothers find they can ease these symptoms by pumping their breast milk at work for as long as possible. Then they can slowly taper off breast feeding and continue to nurse on evenings and weekends to maintain their breast milk supply. This allows them to still get the pleasurable oxytocin and dopamine boosts and to stay connected with their babies.

			ONE GOOD MOMMY BRAIN DESERVES ANOTHER

			The flip side of the warm, nurturing mommy experience is also common. In my practice it is not unusual to hear complaints about mothers. My thirty-two-year-old, newly pregnant patient Veronica immediately comes to mind. As she talked, it became apparent to me that her blistering anger toward her mother was directly linked to her busy mother’s inattentive nurturing when Veronica was a child. Her mother would take off on business trips, leaving Veronica with a nanny for a week at a time, and whenever Veronica was upset, her mother seemed to shut down emotionally instead of offering warm support. She would say that she was too busy with work and tell Veronica to go play in the other room. Now that Veronica was pregnant with her first child, she was expressing fear that she might be the same kind of mother, given her busy, high-pressure job as an art director at a magazine. Two generations of working mothers unable to spend time with their children. Should she worry? Maybe.

			Researchers have found that if mothers, for whatever reason—too many children, financial pressures, or careers that don’t allow enough child-care time—cannot be good enough nurturers and are only weakly attached to their babies, they can negatively affect the trust and security circuits of their children. On top of that, females “inherit” their mothers’ maternal behavior, good or bad, then pass it on to their daughters and granddaughters. Although behavior itself can’t be passed on genetically, new research shows that nurturing capacity in mammals is passed on, in what scientists now call a nongenomic or “epigenetic”—meaning physically on top of the genes—type of inheritance. In Canada, psychologist Michael Meaney discovered that a female rat born to an attentive mother but raised by an inattentive mother behaves not like her genetic mother but like the mother who raised her. The brains of the rat pups actually change according to the amount of nurturing they receive. Female pups showed the largest changes in brain circuits, such as the hippocampus and amygdala, that use estrogen and oxytocin. These changes directly affect the female rats’ ability to nurture the next generation of pups. The mommy brain is built through architecture, not imitation. This inattentive mothering behavior can be passed on for three generations unless most of the beneficial changes in the environment happen before puberty.

			This finding has huge implications even if only some of it holds true for humans: how well you mother your daughter will determine how well she mothers your grandchildren. For many of us, the thought of being just like our mothers may be downright alarming, but already researchers are finding corresponding ties in humans between levels of mother-daughter bonding and the quality of care and strength of maternal bonds in the succeeding generation. Scientists also speculate that high levels of stress created between the demands of the workplace and the demands of the household can decrease the quality—not to mention the quantity—of nurturing care mothers are able to give their kids. And of course this behavior can affect not only children but grandchildren as well.

			Scientists have also shown that high nurturing—from any loving, trust-inducing adult—may make babies smarter, healthier, and better able to deal with stress. These are qualities they will carry throughout their lives and into the lives of their own children. Children with less maternal care, by contrast, end up more easily stressed, hyperreactive, inattentive, sick, and fearful as adults. Studies of the brain effects of high-nurturing human mothers versus low-nurturing human mothers are few and far between, but one study showed that college-age adults who had low maternal care in childhood showed hyperactive brain responses to stress on PET scans. Researchers found these adults released more of the stress hormone cortisol into their bloodstreams than did their peers who had high maternal care in childhood. Those who had received low maternal care displayed increased anxiety, and their brains were more vigilant and fearful. This may be why Veronica always felt more easily stressed at work and during relationship challenges, and why she contemplated becoming a mother with such panic.

			I often hear vivid stories about patients’ grandmothers—about how they were able to be there for my patients who had an overwhelmed, busy, or depressed mothers. Veronica’s paternal grandmother made her feel special, even though her maternal grandmother was as emotionally distant as her mother was. Veronica started to cry as she told me how her father’s mother would drop preparations for a dinner party to color with her or to play dolls. Grandma made blueberry pancakes with warmed syrup and helped Veronica make her bed and clean her room. When there was a party to go to and Veronica needed clothes, this grandmother took her shopping and often let her buy dresses she loved but knew her mother would not have allowed.

			If it happens often enough, this kind of special nurturing from any allomother—a substitute mom—can override the lack of nurturing from an overstressed mother. It’s enough to break the cycle of nonattentive mothering, allowing the girl to provide more attentive nurturing to her own children. Veronica’s paternal grandmother may have been the linchpin in creating generational change. Years later, when Veronica stopped by to introduce her new baby girl to me, it was clear that she had a loving bond with her daughter and had passed on not the negative example from her mother but the nurturing, trust-inducing one from her grandmother.

			ATTENTION WORK DISORDER

			Nicole, the Berkeley-MBA mom, was struggling with similar concerns when she came to see me. She had become so attached to her baby that she was having a meltdown about returning to work. She had a great job with terrific benefits, a high salary, and lots of opportunities for advancement, and she and her husband had incurred enough expenses that they needed the two incomes. She had to go back to work, and even though she had trouble imagining leaving her daughter in a stranger’s hands, she unhappily did it.

			Most mothers, on some level, feel torn between the pleasures, responsibilities, and pressures of children and their own need for financial or emotional resources. We know that the female brain responds to this conflict with increased stress, increased anxiety, and reduced brainpower for the mother’s work and her children. This situation puts both kids and mothers in deep crisis every day. Nicole came back to see me just after her son turned three. She said, “My life’s just not working anymore.” She told me that her son was having bone-chilling, time-stopping tantrums in the grocery store when she had just two hours to figure out what to do with him and unpack the groceries before she slogged off to work. And that when he was sick and her husband was gone, she’d found herself praying at midnight that his fever would break by daylight so he could go to preschool and she would make it to her breakfast meeting—she’d been out a lot that winter with his illnesses and her boss’s patience was wearing thin. There were also the endless stream of half days at school coming up, and she’d have to beg the nonworking mothers in her kid’s class to take care of him until she got off work. She wasn’t sure she or her son could take it anymore, but she couldn’t afford to quit her job.

			So is the working mother damned? Well, maybe yes and maybe no. In fact, one solution to these modern problems may come from our primate ancestors. As a rule, primates, including humans, are fairly practical about their investment in mothering. For example, primates in the wild are very rarely full-time mothers. Many mother monkeys balance infant care with their essential “work” of foraging, feeding activities, and resting. They also pitch in when needed to care for offspring other than their own—this is called alloparenting. In fact, in times of plenty, other moms easily adopt and care for foster children, even those from other communities or species. Many mammals have this capacity to bond with, nurture, and care for the offspring of others. An intriguing study of hunting among women of the Agta Negrito of Luzon (the Philippines) underscores the functions of networks of female kin. Women’s hunting has largely been regarded as biologically impractical because hunting is assumed to be incompatible with the obligations of infant care. Specifically, hunting forays were thought to impair women’s abilities to nurse, care for, and carry children. However, studies of cultures in which the females do hunt suggest exceptions that prove the rule. Agta women participate actively in hunting precisely because others are available to assume child care responsibilities. When women were observed to hunt, they either brought nursing children with them or gave the children to their mothers or oldest female siblings for care.

			Mothering isn’t necessarily a solo occupation by design in humans—or restricted to the birth mother in an urban environment either. From the child’s perspective, nurturing is nurturing, no matter which loving, security-inducing caregiver it comes from. Nicole was able to negotiate a more flexible schedule at work so that her son could attend preschool half days along with his friend who lived next door and the two mothers covered for each other.

			IDEAL MOMMY BRAIN ENVIRONMENT

			One environmental factor that is essential for good mothering in any animal is predictability. It’s not about how many resources are available, it’s about how regularly they can be obtained. In one study, mother rhesus monkeys were set up with their youngsters in three different environments: one had plenty of food every day, one had scarce food every day, and the third had plenty of food on some days but scarce food on others. The amount of nurturing behavior mothers gave to their youngsters in these environments was recorded every hour on video. Youngsters in the best environment, with plenty of food, got the most responsive nurturing from their moms, while those in the environments with scarce but steady amounts of food got almost as much. But those from the unpredictable environment not only got the least amount of nurturing but received abusive and aggressive attacks from their moms. The mother and infant monkeys in the unpredictable environment had higher levels of stress hormones and lower levels of oxytocin than their peers in the other environments.

			In an unpredictable human environment, mothers become fearful and timid, and babies show signs of depression. The youngsters cling to their moms and are much less interested in exploring and playing with others—traits that linger on into adolescence and adulthood. This study supports the commonsense notion that mothers can do their best in a predictable environment. According to the primatologist Sarah Hrdy, humans evolved as cooperative breeders in settings where mothers have always relied on allomaternal care from others. So whatever a mother does and others do to help her, inside or outside the home, to ensure the predictability and availability of resources—financial, emotional, and social—may ultimately secure her children’s future well-being.

			LIVING FOR TWO

			I can remember how stunned I was to discover that my independent and self-sufficient lifestyle no longer worked after I had a child. My thinking had always been that I could organize it myself and do most of the mothering alone. Boy was I wrong. Since a mother’s brain has virtually expanded its definition of the self to include her child, the needs of the child will become a biological imperative for the mother, perhaps more compelling to her brain than her own needs. I could no longer schedule my life so neatly. I didn’t know how much help from others, besides my husband’s, I would need. Every new mother needs to understand the biological changes that are going to happen in her brain and then plan out her pregnancy and mothering dynamic in advance. This life challenge can stimulate your brain circuits to grow like no other. Setting up a predictable environment for work and for loving, security-inducing child care will be crucial. A mother’s emotional and mental development depends to a great extent on the context in which she mothers. Knowing that you will need extra support for yourself and some good allomothers for your child will be key to your success as a mother. If we can provide a reliable, secure environment for the mommy brain, we can stop the domino effect of stressed mothers and insecure, stressed children.

			The changes that happen in the mommy brain are the most profound and permanent of a woman’s life. For as long as her child is living under her roof, her GPS system of brain circuits will be dedicated to tracking that beloved child. Long after the grown baby leaves the nest, the tracking device continues to work. Perhaps this is why so many mothers experience intense grief and panic when they lose day-to-day contact with the person their brain tells them is an extension of their own reality.

			Developmental psychologists believe that the female brain’s extreme ability to connect through reading faces, interpreting tones of voice, and registering the nuances of emotion are traits that were selected evolutionarily from the time of the Stone Age. These traits make it possible for the female brain to pick up cues from nonverbal infants and anticipate their needs. The female brain will turn this extraordinary ability on all her relationships. If she’s married or partnered with a male brain, each will inhabit two different emotional realities. The more both know about the differences in the emotional realities of the male and female brains, the more hope we have of turning those partnerships into satisfying and supportive relationships and families. Just what the mommy brain needs to be at its best.
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			Emotion: The Feeling Brain

			IS THERE ANY truth to the cultural stereotype that women are more emotionally sensitive than men? Or that a man wouldn’t know an emotion unless it hit him on the head? My husband said we didn’t need a separate chapter on emotions. I didn’t see how I could write this book without one. The explanation of our different mind-sets lies in the biology of our brains.

			My patient Sarah was positive that her husband, Nick, was seeing another woman. Over several days she silently chewed on the idea. First, she felt unsure of what she suspected. Then, as her mind worked over her anger at the possibility that he was cheating, her gut sense of betrayal became overwhelming. She stopped smiling. How could he do this to her and their baby daughter? She moped around the house. She couldn’t understand why her husband never tried to cheer her up. Couldn’t he see how miserable she was?

			Nick had always been larger than life to her—so talented and smart—Sarah felt honored to be his wife. When he turned his beam of brilliance on her to tell her his deepest thoughts, she felt she was eliciting greatness from him. She lived for the moments he shined on her. But when it came to an emotional interaction, it was a different story. He was a little hard to reach. So one night, when she burst into tears over dinner, Nick was stunned. Sarah couldn’t figure out why he was so surprised. She’d been showing a cold face to him for days. She went back over all of those moments when he shined on her with such intensity and how wonderful this always made her feel—that he really loved her and cared about her. Was she wrong about that—or didn’t she please him anymore? How could he be so insensitive to her emotional state?

			Imagine for a moment that we had an MRI scanner. This is what it might look like inside Sarah’s brain and body as she processed her conversation with Nick: As she asks him if he is seeing someone else, her visual system begins scanning Nick’s face intently for signs of his emotional response to her question. Does he tighten his face or relax it? Does he clench around the mouth, or keep it neutral? Whatever the expression on his face, her eyes and facial muscles will automatically mimic it. The rate and depth of her breathing start to match his. Her posture and muscle tension conform to his. Her body and brain receive his emotional signals. This information is sent through her brain circuits to search her emotional memory banks for a match. This process is called “mirroring,” and not all people can do it equally well. Although most of the studies on this topic have been done on primates, scientists speculate that there may be more mirror neurons in the human female brain than in the human male brain.

			Sarah’s brain will begin stimulating its own circuits as if her husband’s body sensations and emotions were hers. In this way, she can identify and anticipate what he is feeling—often before he is conscious of it himself. Matching breathing, matching posture, she is becoming a human emotion detector. She is feeling his tension in her gut, his jaw clenching in the strain of her neck. Her brain registers the emotional match: anxiety, fear, and controlled panic. As he starts to speak, her brain carefully searches to see if what he says is congruent with his tone of voice. If the tone and meaning do not match, her brain will activate wildly. Her cortex, the place for analytical thinking, would try to make sense of this mismatch. She detects a subtle incongruence in his tone of voice—it is a little too over-the-top for his protestations of innocence and devotion. His eyes are darting a bit too much for her to believe what he is saying. The meaning of his words, the tone of his voice, and the expression in his eyes do not match. She knows: he is lying. She is now using her brain’s entire emotion network as well as her cognitive and emotional suppression circuits to keep from crying. But the dam breaks. Tears roll down her cheeks. Nick’s face looks puzzled. He has not been following Sarah’s emotional nuances—otherwise he would have known she was losing it.

			Sarah was right. When Nick came to see me as part of couples counseling, he revealed that he had been spending lots of time with a female co-worker. The relationship hadn’t been consummated, but he had crossed the line in his flirtations and was becoming emotionally involved. Sarah knew it, literally, in every cell in her body, but since he hadn’t technically cheated, Nick figured he was in the clear. When he realized that Sarah had correctly identified what he was feeling and thinking, he once again thought he was married to a psychic, but she was just doing what the female brain is expert at: reading faces, interpreting tone of voice, and assessing emotional nuance.

			Maneuvering like an F-15, Sarah’s female brain is a high-performance emotion machine—geared to tracking, moment by moment, the nonverbal signals of the innermost feelings of others. By contrast, Nick, like most males, according to scientists, is not as adept at reading facial expressions and emotional nuance—especially signs of despair and distress. It’s only when men actually see tears that they realize, viscerally, that something’s wrong. Perhaps that’s why women evolved to cry four times more easily than men—displaying an unmistakable sign of sadness and suffering that men can’t ignore. Couples like Nick and Sarah come to see me all the time for counseling. She complains about his lack of emotional sensitivity—because hers is so finely tuned—and he complains about the fact that she doesn’t seem to realize he loves her. These are the different realities of the male and female brains at work.

			THE BIOLOGY OF GUT FEELINGS

			Women know things about the people around them—they feel a teenage child’s distress, a husband’s flickering thoughts about his career, a friend’s happiness in achieving a goal, or a spouse’s infidelity at a gut level.

			Gut feelings are not just free-floating emotional states but actual physical sensations that convey meaning to certain areas in the brain. Some of this increased gut feeling may have to do with the number of cells available in a woman’s brain to track body sensations. After puberty, they increase. The estrogen increase means that girls feel gut sensations and physical pain more than boys do. Some scientists speculate that this greater body sensation in women punches up the brain’s ability to track and feel painful emotions, too, as they register in the body. The areas of the brain that track gut feelings are larger and more sensitive in the female brain, according to brain scan studies. Therefore, the relationship between a woman’s gut feelings and her intuitive hunches is grounded in biology.

			When a woman begins receiving emotional data through butterflies in her stomach or a clench in the gut—as Sarah did when she finally asked Nick if he was seeing someone else—her body sends a message back to the insula and anterior cingulate cortex. The insula is an area in an old part of the brain where gut feelings are first processed. The anterior cingulate cortex, which is larger and more easily activated in females, is a critical area for anticipating, judging, controlling, and integrating negative emotions. A woman’s pulse rate jumps, a knot forms in her stomach—and the brain interprets it as an intense emotion.

			Being able to guess what another person is thinking or feeling is, essentially, mind reading. And overall, the female brain is gifted at quickly assessing the thoughts, beliefs, and intentions of others, based on the smallest hints. One morning at breakfast, my patient Jane looked up to see that her husband, Evan, was smiling. He held the newspaper, but his gaze was lifted and his eyes darted back and forth, though he wasn’t looking at her. She had seen this behavior many times before in her lawyer husband and asked, “What are you thinking about? Who are you beating in court right now?” Evan responded, “I’m not thinking about anything.” But in fact he was unconsciously rehearsing an exchange with counsel he might be having later that day—he had a great argument and was looking forward to mopping up the courtroom with his opponent. Jane knew it before he did.

			Jane’s observations were so minute that to Evan she appeared to be reading his mind. This often unnerved him. Jane had watched Evan’s eyes and facial expression and correctly inferred what was going on in his brain. And later, when he seemed to display hesitancy—a slight pause before speaking, tightness in his mouth, a low and flat tone of voice—when talking about going to the office, she sensed that a big career shift was coming. She mentioned this, but Evan said he hadn’t been thinking about anything like that. A few days later, he announced he wanted to leave his firm and become a judge. Jane’s observations were being made subconsciously, so these thoughts didn’t register as anything but gut feelings.

			Men don’t seem to have the same innate ability to read faces and tone of voice for emotional nuance. This difference was in abundant display during the first few weeks after Jane and Evan met. She told me he was going way too fast for her, but he was unaware of her discomfort. A female friend of Evan’s took one look at Jane, spotted her uneasiness, and warned Evan to back off. He didn’t listen, and the results were nearly disastrous.

			In that moment, Evan’s female friend established emotional congruence with Jane, something that women seem to do naturally and that has been found to be crucial for successful psychotherapy. A study at California State University, Sacramento, of psychotherapists’ success with their clients showed that therapists who got the best results had the most emotional congruence with their patients at meaningful junctures in the therapy. These mirroring behaviors showed up simultaneously as the therapists comfortably settled into the climate of the clients’ worlds by establishing good rapport. All of the therapists who showed these responses happened to be women. Girls are years ahead of boys in their ability to judge how they might avoid hurting someone else’s feelings or how a character in a story might be feeling. This ability might be the result of the mirror neurons firing away, allowing girls not only to observe but also to imitate or mirror the hand gestures, body postures, breathing rates, gazes, and facial expressions of other people as a way of intuiting what they are feeling.

			The cat is out of the bag now. This is the secret of intuition, the bottom line of a woman’s ability to mind-read. Nothing mystical at all. In fact, brain-imaging studies show that the mere act of observing or imagining another person in a particular emotional state can automatically activate similar brain patterns in the observer—and females are especially good at this kind of emotional mirroring. Through this kind of approximation, Jane figured out how Evan felt because she could feel through her body sensations.

			Sometimes, other people’s feelings can overwhelm a woman. My patient Roxy, for example, gasped every time she saw a loved one hurt him-or herself—even when they did something as minor as stub a toe—as if she were feeling their pain. Her mirror neurons were overreacting, but she was demonstrating an extreme form of what the female brain does naturally from childhood and even more in adulthood—experience the pain of another person. At the Institute of Neurology at University College, London, researchers placed women in an MRI machine while they delivered brief electric shocks, some weak and some strong, to their hands. Next, the hands of the women’s romantic partners were hooked up for the same treatment. The women were signaled as to whether the electric shock to their beloveds’ hands were weak or strong. The female subjects couldn’t see their lovers’ faces or bodies, but even so, the same pain areas of their brains that had activated when they themselves were shocked lit up when they learned their partners were being strongly shocked. The women were feeling their partners’ pain. Like walking in another’s brain, not just his shoes. Researchers have been unable to elicit similar brain responses from men.

			Many evolutionary psychologists have speculated that this ability to feel another’s pain and quickly read emotional nuance gave Stone Age women a heads-up to sense potential dangerous or aggressive behavior and thus avoid the consequences to themselves and protect their children. This talent also primes women for anticipating the physical needs of nonverbal infants.

			Being this emotionally sensitive has its pros and cons. Jane, a normally brash and courageous person, told me that she could not get to sleep for hours after seeing an intense action flick. In a study on the aftereffects of frightening films, women were more likely to lose sleep than men. Studies show that, from childhood, females startle more easily and react more fearfully as measured through electrical conductivity in the skin. Evan had to readjust his movie-watching habits if he wanted to include Jane. So when he suggested that they watch The Godfather, he made sure it was in the middle of the day.

			GETTING THROUGH TO THE MALE BRAIN

			In the male brain, most emotions trigger less gut sensation and more rational thought. The typical male brain reaction to an emotion is to avoid it at all costs. To get a male brain’s emotional attention, a woman needs to do the equivalent of yelling, “Periscope up! Emotion coming. All hands on deck!”

			It took a lot for Jane to get the message to Evan that he was moving too fast when they met. Jane explained to me that she had been burned in relationships before and was seriously gun-shy when she started dating Evan. He paid no attention to the signals she was sending that she was a bona fide commitment phobe. On the third date, he told her he thought she was the one. By the second week, he wanted them to move in together and plan for the future. When Jane came in for her session that week, she looked as scared as a deer caught in headlights. Then, over pizza during the third week, Evan let her know he wanted to get married and start a family, and he was sure she was the one he wanted to do it with. Jane promptly turned green and ran to the bathroom. It wasn’t until she showed obvious signs of distress that Evan realized he was moving too fast. He hadn’t heeded the earlier warning from his female friend and now he was in deep trouble.

			Bursting into tears often grabs the male brain’s attention, but the tears nearly always come as a complete surprise—and extreme discomfort—to a man. A woman, because of her expert ability to read faces, will recognize the pursed lips, the squeezing around the eyes, and the quivering corners of the mouth as preludes to crying. A man will not have seen this buildup, so his response is usually “Why are you crying? Please don’t make such a big deal out of nothing. Being upset is a waste of time.” Researchers conclude that this typical scenario means the male brain must go through a longer process to interpret emotional meaning. Most men just don’t want to take the time to figure out the emotion, and they become impatient because it takes longer for them. Simon Baron-Cohen at the University of Cambridge believes this is what happens in men with the extreme male brain that is characteristic of Asperger’s disorder. These men become unable to look at a face, let alone read it. The amount of emotional input from another person’s face registers on their brains as unbearable pain.

			Tears in a woman may evoke brain pain in men. The male brain registers helplessness in the face of pain, and such a moment can be extremely difficult for them to tolerate. The first time Jane cried in front of an otherwise very affectionate Evan, she was stunned that she got a perfunctory hug and a few pats on the back followed by “Okay, that’s enough.” This seemingly rejecting behavior became a bone of contention in their relationship. The two came to see me for an urgent couples session. Evan needed to communicate to Jane that seeing her cry was nearly impossible for him to bear because when he saw her in pain he felt powerless to do anything about it. Slowly, they began to work on a compromise, so that Jane could get the comfort she needed and Evan could ease the pain he experienced. When Jane was upset, Evan would sit on the couch with a box of Kleenex on his lap. He would cradle her with one arm and hold a magazine or book with the other in order to distract himself from his own discomfort. After a few years, Evan was able to recognize when Jane needed a good cry, and soon he could simply hold her and take care of her until she was done.

			WHEN HE DOESN’T RESPOND THE WAY SHE WANTS HIM TO

			Being able to “be there” during emotionally difficult times is hardwired into women, which is why they are often baffled by their husbands’ inability to sit with sadness or despair. One study showed that newborn girls, less than twenty-four hours old, respond more to the cries of another baby—and to human faces—than do boys. Girls as young as a year old are more responsive to the distress of other people, especially those who look sad or are hurt. Men pick up the subtle signs of sadness in a female face only 40 percent of the time, whereas women can pick up these signs 90 percent of the time. And while men and women are both comfortable being physically close to a happy person, only women report that they feel equally comfortable being close to someone sad.

			Think of your girlfriends who will stick with you when you are hurt or sad. They’ll ask you when it happened, what was said, if you’ve been able to sleep or eat, and “do you need me to come over?” To them, the details are important. I remember when I broke my ankle a few years ago and my girlfriends would just stop by and bring me some little treat they knew I’d like. They did everything they could to keep me from getting cabin fever. They knew how to help. Guy friends, by contrast, offered a quick “I hope you feel better” before jumping off the phone or walking out the door. It’s not that they were being insensitive on purpose. It may be more about ancient wiring. Men are used to avoiding contact with others when they themselves are going through an emotionally rough time. They process their troubles alone and think women would want to do the same. Periscope down; submarine dives twenty fathoms to solve it alone.

			The same apparent insensitivity can show up during other emotional exchanges. Jane and Evan moved in together, and after a few pressure-free months, Jane realized she wanted to spend the rest of her life with Evan, too. She decided to let him know. After two months of her dropping hints—about kids, about buying a house together, about what city they’d finally settle in—Evan didn’t do anything. At our next session, Jane reported to me that, panicked, she went for the direct route: “I’m ready to get married,” she told him one afternoon. Evan replied, “Okay, that’s good to know,” then went to watch the basketball playoffs. Jane began to panic. Had he changed his mind? Did he not love her anymore? She chased him around the house for three hours, haranguing him. Out of utter frustration and humiliation, she burst into tears, asking him if he was thinking of leaving her. “What?” Evan exclaimed. “How did you come to that conclusion? This is the first time you’ve given me any indication that you’re ready. I was going to buy a ring and make a nice romantic dinner plan, but I can see you’re not going to let me do that. So okay. Will you marry me?” Jane couldn’t understand how he had missed the signs that she was ready, and Evan couldn’t understand why she was so upset that he didn’t answer right away.

			Remember the little girl who wouldn’t rest until she got an expression out of a mime? If she doesn’t get the expected response, she will persist until she begins to conclude that she’s done something wrong or that the person doesn’t like or love her anymore. Something similar was playing out for Jane. When Evan didn’t immediately ask her to marry him, and didn’t respond to her direct approach, she concluded that he didn’t love her anymore. Evan, in fact, was just trying to buy time to do things right.

			EMOTIONAL MEMORY

			It would be interesting to follow Evan and Jane over the years and see how they remember these early days. Most likely, his version, through no fault of his own, will be the movie trailer. Hers will be the full-length motion picture. She will take this as a sign of his waning love. When she expresses this reaction to him, he won’t know what she’s talking about. To understand their differences, we have to look at how emotions get stored as memories in the female brain.

			Picture, for a moment, a map showing the areas for emotion in the brains of the two sexes. In the man’s brain, the connecting routes between areas would be country roads; in the woman’s brain, they’d be superhighways. According to researchers at the University of Michigan, women use both sides of the brain to respond to emotional experiences, while men use just one side. They found the connections between the emotion centers are also more active and extensive in women. In another study, at Stanford University, volunteers viewed emotional images while having their brains scanned. Nine different brain areas lit up in women, but only two lit up in men. Research also shows that women typically remember emotional events—such as first dates, vacations, and big arguments—more vividly and retain them longer than men. Women will know what he said, what they both ate, if it was cold outside or it rained on their anniversary, while men may forget everything except whether or not she looked sexy.

			For both sexes, the emotional gatekeeper is the amygdala, an almond-shaped structure located deep within the brain. The amygdala is like the brain’s Homeland Security Alerting and Coordinating System, switching on the rest of the body systems—the gut, skin, heart, muscles, eyes, face, ears, and adrenal glands—to look out for incoming emotional stimuli. The first relay station for emotion from the amygdala to the body is the hypothalamus. Like the Joint Chiefs, it’s responsible for coordinating the launch of systems that raise blood pressure, heart rate, and breathing rate, and stimulate the fight-or-flight reaction after receiving reports from the body. The amygdala also alerts the cortex, the brain’s Intelligence Branch, which sizes up the emotional situation, analyzes it, and determines how much attention it deserves. If it senses enough emotional intensity, the cortex cues the amygdala to alert the conscious brain to pay attention. This is the moment when we’re flooded with conscious emotional feeling. Before this point, all this brain processing is happening behind the scenes. The brain’s decision-making center, or Executive Branch—the prefrontal cortex—can now decide how to respond.

			Part of the reason that her memory is better for emotional details is that a woman’s amygdala is more easily activated by emotional nuance. The stronger the amygdala response to a stressful situation, such as an accident or threat, or a pleasant event, such as a romantic dinner, the more details the hippocampus will tag for memory storage about the experience. Scientists believe that because women have a relatively larger hippocampus, they have better memories for the details of both pleasant and unpleasant emotional experiences—when they happened, who was there, what the weather was like, how the restaurant smelled—in a detailed, three-dimensional, sensory snapshot.

			Thirteen years later, Jane remembers every minute of the day she and Evan decided to get married, but as time wore on, Evan began to forget how it happened. They used to laugh about it all the time, but now he looks at her blankly when she recounts the details. He remembers that she got sick the first time he mentioned marriage, but he doesn’t remember how he eventually asked her. He didn’t store in memory any of these precious details. This is not because Evan doesn’t love Jane; it’s because his brain circuits are incapable of retaining the information, so it doesn’t encode in his long-term memory. If she had activated his amygdala with a threat to the relationship or a physical danger, the memory would have been burned into his circuits just as it is into hers.

			There are two exceptions in which men register emotions and thus detailed memories. If the person he is interacting with is blatantly angry and threatening, a man will be able to read that emotion as quickly as a woman can. His response to an aggressive threat will be as quick as hers, and will trigger an almost instant muscular reaction. Threatening to leave or threatening him physically will get his attention in an instant. Jane told me that, though she didn’t mean it, she had told Evan during an argument that she couldn’t take his stubbornness anymore and she was leaving. Evan was so traumatized that he asked her never to threaten to leave unless she really meant it. That was an argument he never forgot.

			THE FEMALE BRAIN’S TOUGH TIME WITH ANGER

			Another major difference between the male and female brains is in how they process anger. Although men and women report feeling the same amount of anger, the expression of anger and aggression is clearly greater in men. The amygdala is the brain center for fear, anger, and aggression, and it’s physically larger in men than in women, whereas the anger, fear, and aggression control center—the prefrontal cortex—is relatively larger in women. As a result, it’s easier to push a man’s anger button. The male amygdala also has many testosterone receptors, which stimulate and heighten its response to anger, especially after the testosterone surges at puberty. That’s why men whose testosterone levels are high, which includes younger men, have short anger fuses. Many women who start taking testosterone also notice that their anger response is suddenly quicker. As men age, their testosterone naturally declines, the amygdala becomes less responsive, the prefrontal cortex gains more control, and they don’t get angry as fast.

			Women have a much less direct relationship to anger. I grew up hearing from my mother that the quality and longevity of a marriage could be measured by the number of bite marks on a woman’s tongue. When a woman “bites her tongue” to avoid expressing anger, it’s not all socialization. A lot of it is brain circuitry. Even if a woman wanted to express her anger right away, often her brain circuits would attempt to hijack this response, to reflect on it first out of fear and anticipation of retaliation. Also, the female brain has a tremendous aversion to conflict, which is set up by fear of angering the other person and losing the relationship. This may be accompanied by a sudden change in some brain neurochemicals, such as serotonin, dopamine, and norepinephrine—causing an unbearable activation in the brain on almost the same spectrum as a seizure—when anger or feelings of conflict arise in a relationship.

			Perhaps in response to this extreme discomfort, the female brain developed an additional step in processing and avoiding conflict and anger, a series of circuits that hijack the emotion and chew on it, the same way a cow has an extra stomach that rechews its food before it is digested. These extralarge areas in the female brain are the prefrontal cortex, and the anterior cingulate cortex. They are the female brain’s version of the extra stomach for chewing on anger. As we saw earlier, women activate these areas more than men at the fear of loss or pain. In the wild, the loss of a relationship with a protective male provider could have spelled doom. Cautiously holding her anger back may also have saved a female and her offspring from retaliation from men—if she didn’t fly off the handle, she was less likely to evoke an extreme response from a trigger-tempered male.

			Studies show that when a conflict or argument breaks out in a game, girls typically decide to stop playing to avoid any angry exchange, while boys generally continue to play intensely—jockeying for position, competing, and arguing hour after hour about who’ll be the boss or who will get access to the coveted toy. If a woman is pushed over the edge by finding out that her husband is having an affair, or if her child is in danger, her anger will blast right through and she will go to the mat. Otherwise, she will avoid anger or confrontation the same way a man will avoid an emotion.

			Girls and women may not always feel the initial intense blast of anger directly from the amygdala that men feel. I can remember one time when a colleague did something unfair to me and I came home to tell my husband. He immediately became furious at the person and couldn’t understand why I wasn’t really mad. Instead of triggering a quick action response in the brain, as it does in males, anger in girls and women moves through the brain’s gut feeling, conflict-pain anticipation, and verbal circuits. I had to chew on the incident for a while before responding. Women talk to others first when they are angry at a third person. But scientists speculate that though a woman is slower to act out of anger, once her faster verbal circuits get going, they can cause her to unleash a barrage of angry words that a man can’t match. Typical men speak fewer words and have less verbal fluency than women, so they may be handicapped in angry exchanges with women. Men’s brain circuits and bodies may readily revert to a physical expression of anger fueled by the frustration of not being able to match women’s words.

			Often when I see a couple who are not communicating well, the problem is that the man’s brain circuits push him frequently and quickly to an angry, aggressive reaction, and the woman feels frightened and shuts down. Ancient wiring is telling her it’s dangerous, but she anticipates that if she flees she’ll be losing her provider and may have to fend for herself. If a couple remains locked in this Stone Age conflict, there is no chance for resolution. Helping my patients understand that the emotion circuits for anger and safety are different in the male and female brains is often quite helpful.

			ANXIETY AND DEPRESSION

			Sarah came into the office one day shaking. She and Nick had been fighting over the woman he was flirting with in his office. Sarah was convinced Nick had flirted right in front of her that weekend at a dinner party. Whenever he cut off the discussion and left the room, a videotape seemed to lock Sarah’s mind into watching the divorce, the division of assets, and the assignment of child custody; saying goodbye to his family; and leaving town. She was having a hard time focusing; she was on alert for the next fight and was becoming sure that their marriage was collapsing.

			It wasn’t true. Nick was making a big effort, but the arguing was leaving Sarah’s brain in acute neurochemical distress. All her brain circuits were on red alert. Nick seemed unperturbed, playing his regular Wednesday night game of hoops. He didn’t seem awkward around her at home, yet she was losing sleep, crying all day, and becoming increasingly hopeless. According to Sarah’s reality, the world was coming to an end, but Nick seemed to be showing complete indifference.

			Why was Sarah feeling unsafe and afraid while Nick was not? Males and females have different emotional circuitry for safety and fear reinforced by our particular experiences in life. The feeling of safety is built into the brain’s wiring, and scans show that girls’ and women’s brains activate more than men’s in anticipation of fear or pain. According to research at Columbia, the brain learns about what is dangerous when its fear pathways are activated and about what is safe when its pleasure-reward circuits fire. Females find it harder than do males to suppress their fear in response to anticipation of danger or pain. This is why Sarah was freaking out at home alone.

			Anxiety is a state that occurs when stress or fear triggers the amygdala, causing the brain to rally all its conscious attention to the threat at hand. Anxiety is four times more common in women. A woman’s highly responsive stress trigger allows her to become anxious much more quickly than does a man. Although this may not seem like an adaptive trait, it actually allows her brain to focus on the danger at hand and respond quickly to protect her children.

			Unfortunately, this intense sensitivity in adult women, as in teenage girls, means that they are nearly twice as likely as men to suffer from depression and anxiety, especially through their reproductive years. This troubling phenomenon exists across cultures, from Europe, North America, and Asia to the Middle East. While psychologists have emphasized cultural and social explanations for this “depression gender gap,” more and more neuroscientists are finding that sensitivity to fear, stress, genes, estrogen, progesterone, and innate brain biology play important roles. Many gene variations and brain circuits that are affected by estrogen and serotonin are thought to increase women’s risk of depression. The CREB-1 gene, which is different in some women diagnosed with depression, has a little switch that is turned on by estrogen. Scientists speculate that this may be one of several mechanisms by which women’s vulnerability to depression turns on at puberty with the surges of progesterone and estrogen. Estrogen’s effects may also explain why three times more women than men suffer from the “winter blues,” or seasonal affective disorder. Researchers know that estrogen affects the body’s circadian rhythm, the sleep and wake cycle stimulated by daylight and darkness, triggering these “wintertime blues” in genetically vulnerable women.

			Every year scientists are locating more gene variations related to depression that run in certain families. Another gene, called the serotonin transporter gene—or 5-HTT—also seems to trigger depression in females who inherit a particular version of it. Scientists speculate that this gene variation may contribute to making depression more common in women, because its switch is triggered by threats and severe stress. This may have been the situation in Sarah’s case—she came from a family with a history of depression only in the female members. As I know from the many women who come to my clinic, it is often the severe stress caused by the loss of a relationship that pushes genetically vulnerable women over the edge into a clinical depression. Other hormonal events—pregnancy, postpartum depression, premenstrual syndrome, perimenopause—can also disrupt the female brain’s emotional balance, and during a rough period a woman may need chemical or hormonal rebalancing.

			KNOW THE DIFFERENCE

			As both men and women grow into middle and older ages, gain more life experience, and feel more secure, they often become more comfortable expressing a fuller range of emotions, including those—for men especially—they have long suppressed. But there’s no getting around the fact that women have different emotional perceptions, realities, responses, and memories than do men, and these differences—based on brain circuitry and function—are at the heart of many interesting misunderstandings. Evan and Jane came to see each other’s realities. When she broke down crying out of the blue, he tried to figure out if he was being unresponsive in some way. When she was tired and didn’t want to have sex, he fought his instincts and took her at her word. When he became irritable and possessive, she realized she hadn’t been sexually attentive enough. And just as they had come to understand each other, it was all about to change. There was still one major shift to come in the female reality.

		

	
		
			SEVEN
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			The Mature Female Brain

			SYLVIA WOKE UP one day and decided, this is it. I’m done. I want a divorce. It had become clear to her that her husband, Robert, was unavailable and ungiving. She was tired of listening to his tirades and fed up with his demands. But what really pushed her over the edge was when she found herself in the hospital for a week for an intestinal blockage and he visited her only twice. Both times he came to ask questions about running the house.

			At least this is how Sylvia, an attractive woman with brown hair, bright blue eyes, and a spring in her step, explained it to me during a therapy session. Since her early twenties, she felt she had spent most of her time taking care of needy, self-absorbed people. She had fixed their problems, pulling them out of alcoholism or abusive situations, and in return they had sucked her emotionally dry. At age fifty-four, she was still very attractive and felt full of energy. What astounded her more than anything was that she felt as though a haze had lifted recently, and she could see in a way she hadn’t been able to before. The tugs she used to feel at her heartstrings to rescue and care for others had all but vanished. She was ready to take some risks and start walking in the direction of her dreams. “What is it about my life that isn’t working?” she asked. “I want more out of my life than this!” For years she had cooked and cleaned and raised three children as a stay-at-home mother. Though she had yearned to work, Robert had made it impossible by denying her household help. For twenty-eight years she had chauffeured, nurtured and loved their children, made sure homework was done, dinner was eaten, and the house didn’t fall apart. Now, out of nowhere, she found herself asking, Why?

			Sylvia’s story has become an all too familiar rite of passage: the menopausal woman chucking everything, and everyone, and starting over, especially now that 150,000 American women per month are entering this phase of life. It’s a process that seems baffling to the premenopausal woman and has shocked more than a few husbands. A menopausal woman becomes less worried about pleasing others and now wants to please herself. This change has been looked at as a moment of psychological development, but it is also likely triggered by a new biological reality based in the female brain as it makes its last big hormonal change of life.

			If we took our MRI scanner into Sylvia’s brain, we’d see a landscape quite different from that of a few years before. A constancy in the flow of impulses through her brain circuits has replaced the surges and plunges of estrogen and progesterone caused by the menstrual cycle. Her brain is now a more certain and steady machine. We do not see the hair-trigger circuits in the amygdala that rapidly altered her reality right before her period, sometimes pushing her to see bleakness that wasn’t there or to hear an insult that wasn’t intended. We would see that the brain circuits between the amygdala (the emotional processor), and the prefrontal cortex (the emotion assessment and judgment area) are fully functional and consistent. They are no longer easily overamped at certain times of the month. The amygdala still lights up more than a man’s when Sylvia sees a threatening face or hears about a tragedy, but tears don’t flood her so quickly anymore.

			Fifty-one and a half years is the average age of menopause, the moment twelve months after a woman’s last period; twelve months after the ovaries have stopped producing the hormones that have boosted her communication circuits, emotion circuits, the drive to tend and care, and the urge to avoid conflict at all costs. The circuits are still there, but the fuel for running the highly responsive Maserati engine for tracking the emotions of others has begun to run dry, and this scarcity causes a major shift in how a woman perceives her reality. With her estrogen down, her oxytocin is down, too. She’s less interested in the nuances of emotions; she’s less concerned about keeping the peace; and she’s getting less of a dopamine rush from the things she did before, even talking with her friends. She’s not getting the calming oxytocin reward of tending and caring for her little children, so she’s less inclined to be as attentive to others’ personal needs. This can happen precipitously, and the problem is, Sylvia’s family can’t see from the outside how her internal rules are being rewritten.

			Until menopause, Sylvia’s brain, like most women’s, has been programmed by the delicate interplay of hormones, physical touch, emotions, and brain circuits to care for, fix, and otherwise help those around her. Societally, she has always been reinforced for pleasing others. The urge to connect, the highly tuned desire and ability to read emotions could sometimes compel her to help even in hopeless cases. She explained to me the times she had chased her friend Marian around town making sure Marian didn’t drive when she was out on a bender; Sylvia spent most of her forties trying to please a demanding father, who had become senile after the death of her mother; and she stayed with Robert convinced that if she kept the peace just a little longer, everyone would remain in the family unit and they’d all be okay. Their marriage had never been a strong one. She had always been worried, Sylvia said, when the kids were young, that if Robert and she split something disastrous would happen to the children.

			But now that the kids were grown and out of the house, the circuits that had provided the foundation for these impulses were no longer being fueled. Sylvia was changing her mind. She now wanted to help people on a grander scale—outside the family. As one modern role model to middle-age women, Oprah Winfrey, poetically put it after turning fifty,

			I marvel that at this age I still feel myself expanding, reaching out and beyond the boundaries of self to become more enlightened. In my twenties, I thought there was some magical adult age I’d reach (thirty-five, maybe) and my “adultness” would be complete. Funny how that number kept changing over the years, how even at forty, labeled by society as middle-aged, I still felt I wasn’t the adult I knew I could be. Now that my life experiences have transcended every dream or expectation I ever imagined, I know for sure that we have to keep transforming ourselves to become who we ought to be.

			

			Once her estrogen level dropped, oxytocin—the connecting and tending hormone—also dropped. Instead of off-the-charts spikes, Sylvia’s emotional, tending, and nursing impulses were dialed down to a dull, steady roar. There’s a new reality brewing in Sylvia’s brain, and it’s a take-no-prisoners view.

			This has become the twenty-first-century reality of ancient female brain wiring. This changed reality in Sylvia’s brain is the foundation of her newly found balance. The brain’s circuits don’t change all that much in the mature female brain, but the high-test fuel—estrogen—that ignited them and pumped up the neurochemicals and oxytocin in the past has eased off. This biological truth is a powerful stimulus for the road ahead. One of the great mysteries to women at this age—and to the men around them—is how the changes in their hormones affect their thoughts, feelings, and the functioning of their brains.

			PERIMENOPAUSE: THE ROCKY BEGINNING

			A woman’s hormones have been changing for several years before her day of menopause arrives. Starting at about age forty-three, the female brain becomes less sensitive to estrogen, touching off a cascade of symptoms that can vary from month to month and year to year, ranging from hot flashes and joint pain to anxiety and depression. Scientists now believe that menopause is triggered by this change in estrogen sensitivity in the brain itself. Sex drive can change radically, too. The level of estrogen drops, and so does that of testosterone—the rocket fuel for sex drive. The stability of the female brain’s reality, in fact, can be an almost daily uncertainty by age forty-seven or forty-eight. The twenty-four months before menopause, while the ovaries make erratic amounts of estrogen before stopping production of the hormone altogether, can be a rocky ride for some women.

			That’s how Sylvia felt at age forty-seven, when she called my clinic for an appointment—the first time in her life she had seen a psychiatrist. It was the year before her last child left for college, and she had constant mood symptoms—including irritability, with emotional outbursts and a lack of joy or hope—that had started to distress her. “Perimenopause is like adolescence—without the fun,” she said one day. It’s true: your brain is at the mercy of changing hormones, as it was in puberty, with all the nerve-jangling psychological stress responsivity, worries about appearance, and over-the-top emotional responses. Sylvia would be fine one minute, but just the wrong comment from Robert could send her slamming doors throughout the house and taking refuge in the garage for an hour-long sob fest. She couldn’t take it anymore and wanted me to prescribe something to treat her symptoms. The other issues with Robert would have to wait. So I gave her estrogen and an antidepressant. In two weeks she was amazed at how much better she felt. Her brain needed the neurochemical support.

			For a lucky 15 percent of women, the perimenopause—the two to nine years before menopause—is a breeze, but for about 30 percent it can cause major discomfort, and 50 to 60 percent of women experience some perimenopausal symptoms at least some of the time. Unfortunately, there’s no way to know how you’ll react until you get there.

			There are some clear signs, however, when you’ve crossed the threshold. Your first hot flash, for one thing, is a signal that your brain’s starting to experience estrogen withdrawal. Your hypothalamus, in response to decreased estrogen, has changed its heat-regulating cells, making you feel suddenly, blazingly hot even at normal temperatures. Another sign of perimenopause is the shortening of your menstrual cycle by a day or two, even before you’ve experienced your first hot flash. The brain’s response to glucose changes dramatically, too, giving you energy surges and drops and cravings for sweets and carbs. This estrogen withdrawal affects the pituitary, curtailing the menstrual cycle and making the timing of ovulation and fertility unreliable. So be careful—many women end up with a surprise “change-of-life” baby thanks to the breakdown in the predictability of their ovulation.

			I started the Women’s Mood and Hormone Clinic long before I was in perimenopause or menopause, so all I personally had experienced was moderately bad PMS and postpartum hypothyroidism. But when I was in my mid-forties, I began to have extremely bad PMS, with high irritability and big mood drops. At first I thought it was the stress of my job and having primary responsibility for my son. No doubt those realities played into my perimenopausal syndrome, but I resisted taking hormones for several years, thinking, Oh, this isn’t the same thing I see in my patients every day. Boy was I wrong. By the age of forty-seven, I was in full-blown perimenopause. I couldn’t sleep well, woke up hot, and often had to change my nightgown. In the morning I felt like hell: tired, irritable, and ready to cry over anything. Two weeks after starting estrogen and an antidepressant, I miraculously felt like my old self again.

			Since estrogen also affects the brain’s levels of serotonin, dopamine, norepinephrine, and acetylcholine—neurotransmitters that control mood and memory—it’s no surprise that big changes in estrogen level can influence a wide variety of brain functions. This is where antidepressants or SSRIs can help, because they prop up these neurotransmitters in the brain. Studies show that perimenopausal women complain of more symptoms of all kinds—from depressed mood and sleeping problems to memory lapses and irritability—to their doctors than do women who have already passed through menopause. Interest, or the lack of it, in sex can be an issue as well. Along with the estrogen drop, testosterone—the fuel for love—can plummet at this time too.

			THE WOMAN’S LAST GYNO-CRISIS

			Marilyn and her husband, Steve, came to see me when Steve was at his wit’s end from being rejected sexually by her. “She won’t let me touch her anymore,” he said. Marilyn told me, “I used to like sex a lot and would like to have that feeling again, but every time he touches me, or gets that look in his eye, it’s…it’s…just irritating. It’s not that I don’t love him. I do.” Husbands can feel dumbfounded—a man’s hormones haven’t abruptly changed—even though they will decrease, and gradually he, too, will have fewer sexual urges. But his brain will never go through the precipitous hormone decline a woman’s brain has had to endure.

			It was a good thing they came in, since this was a biological problem that was quickly becoming a marital problem. Many women do experience a drop in libido, but I suspected Marilyn’s perimenopausal situation was a little more extreme than most. I measured her testosterone and found that it was barely present. Could this be the cause of her rejection of Steve? She decided to find out by trying testosterone, so I prescribed the patch, and she slapped it on that very day.

			Although sexual response varies a great deal during these years of erratic hormones, 50 percent of women age forty-two to fifty-two lose their interest in sex, are harder to arouse, and find their orgasms are much less frequent and intense. By the age of menopause, women have also lost up to 60 percent of the testosterone they had at age twenty. But this can be replaced by many forms of testosterone supplements—such as patches, pills, and gels—that are now available.

			When I greeted Marilyn and Steve in the waiting room two weeks later, Steve gave me two thumbs up. Marilyn said that within a week she began to feel less annoyed at his sexual advances, and during the second week, she even felt like initiating sex herself but didn’t. Her brain circuits for sexual desire had been reignited by a little hormonal rocket fuel. Use it or lose it goes for everything, memory and sex included. The brain below the waist will shrivel up if it isn’t used.

			Not all perimenopausal or postmenopausal women lose their testosterone or their sexual interest. In fact, “postmenopausal zest” is a phrase coined by the anthropologist Margaret Mead. It is a time when we no longer have to be concerned with birth control, PMS, painful cramps, or other monthly gynecological inconveniences. It is a stage of life that is free from many encumbrances and full of wonderful possibilities. We are still young enough to live life to its fullest and enjoy all the good things nature has provided us. Many women experience a renewed zest for life, even rejuvenated sexual desire, and look for exhilarating adventures or new beginnings. It is like starting life all over with a better set of rules. For those who don’t have the zest, the testosterone patch may ignite it.

			By the time Sylvia decided to see me again about divorcing Robert—after he hadn’t come to visit her much in the hospital—she had passed through the last throes of perimenopause and stopped taking the estrogen and antidepressant. It was then that Sylvia explained to me it felt as if a haze had lifted in her brain once her menstrual cycle had stopped. She had always suffered terribly from PMS, and now that that was over, it was as if her vision had become clearer—about what she wanted to do with her life, and what she didn’t want to do any longer. She told Robert that although she still respected him, she had grown tired of demands that she continue to tend his needs on his timetable and keep up their large home. The monthly priming of her brain circuits by surging estrogen and oxytocin—to assure that she would tend to the needs of others—was gone. Of course she still had that blistering love for her children, but she didn’t have their physical presence and their oxytocin-stimulating hugs or her estrogen pulses to trigger her caretaking circuits and behaviors anymore. Of course she could still perform these duties, but she no longer felt driven to. She turned to Robert and said, “You’re a grown-up and I’m finished raising the kids. Now it’s my turn to have a life.”

			When her kids came home during a break from college, Sylvia reported that she really enjoyed seeing them and catching up on their lives but was annoyed that they still expected her to pick up after them, cook their meals, and do their laundry. Her kids even teased her about how she would throw their laundry in the washer and dryer but wouldn’t match their socks anymore. She had laughed, too, but for the first time in her life, she said, she blasted back a reply: “Do your own damn laundry, it’s about time you grew up!”

			The mommy brain was beginning to unplug. When a woman has launched all her children, her ancient mommy wiring comes loose and she is allowed to pull a few of the connections to the child-tracking device out of her brain. When the umbilical cord is cut as the children leave home, the mommy brain circuits are finally free to be applied to new ambitions, new thoughts, new ideas. Many women, however, may feel desperately sad and disoriented when their children first leave home. These circuits, which evolved for millions of years in our foremothers, fueled by estrogen and reinforced by oxytocin and dopamine, are now set free.

			This time of life for some women is not so rancorous as it was for Sylvia. My patient Lynn had a deep and loving marriage to Don for over thirty years by the time their two kids were on their own at college. Lynn and Don started to travel to the places they had always wanted to go. They felt a sense of satisfaction at having raised two wonderful and accomplished children. Lynn had enjoyed being a mother but found that after a few months of heart tugs when they went off to college, she enjoyed not having to deal with the morning routine of getting the kids out the door. She was a successful—and well-liked—administrator at the university. Don was an engineer in private industry. The more time they spent alone, the more their relationship blossomed. They brought years of mutual love and trust to help them through this life transition and set up the new rules for the road ahead.

			Sylvia’s midlife transition was not nearly so peaceful. By our next session, she had decided to go back to grad school and begin working in a mental health clinic two times a week. Her kids were a little unsettled by her new interests. The youngest was moving on and getting settled into life at college. She didn’t need her mother as much as she used to, but still, she was surprised and a little hurt when she talked to Sylvia on the phone and all her mother wanted to tell her was about her own new projects and plans for going back to school herself. Sylvia told me that she almost found it shocking that she was no longer anxiously asking her daughter questions about her life. She was amazed at her slightly detached response.

			What’s happening in her brain? It isn’t just that the estrogen is gone—the physical sensations of tending and touching the children are also gone. Those sensations, along with estrogen, help to reinforce the tending circuits and turn up oxytocin in the brain. This process begins for most mothers during their children’s teen years, when they resist being hugged, kissed, or touched. So by the time they leave the nest, mothers have grown accustomed to less up close and personal physical tending. An experiment on mothering behavior in rats found that physical contact is required to maintain the female brain circuits for active maternal behavior. Scientists numbed the chest, abdomen, and nipple area on the rats. The mothers could see, smell, and hear their pups but could not feel them squirming around. The result: mothering and bonding behaviors were severely impaired. The mothers didn’t fetch, lick, and nurse their pups the way a normal rat mom would. Even though their brain circuits were organized and primed hormonally for mothering and caretaking behaviors, without the feedback of touch sensation, the mother rats’ brain connections for nurturing behavior did not develop, and many of the pups died as a result.

			Human mothers also use this physical feedback to activate and maintain nurturing and caretaking brain circuits. The normal contact of living in the same house provides enough sensation to maintain a woman’s tending and caretaking behaviors toward her kids—even grown-up kids. Once the kids leave the house, however, that’s another story. If a mother is menopausal at the same time, the hormones that built, primed, and maintained those brain circuits are also gone.

			This change doesn’t mean that the tending brain circuits are gone forever. Four out of five women over fifty say having a job where they help others is important to them. Though the initial impulse for many menopausal women seems to be doing something for themselves for once, the renewal that follows often draws them back toward helping others. The caregiving circuits can easily be renewed. If an over-fifty-year-old woman becomes the mother of a new baby, the daily physical contact will cause those circuits to reemerge in her brain—as one of my female colleagues could tell you after she adopted a Chinese baby girl when she was fifty-five years old. So once the circuits are there, they can be reignited. It isn’t over until it’s over as far as the maternal female brain is concerned.

			For Sylvia, though, this was a golden time. In her reality, she was free at last to follow her own pied piper. She had taken on her own projects. Through her new courses, she had become convinced that behavioral problems in teens have their roots in early education, and she became passionate about improving how parents and teachers treat preschoolers. As part of getting her master’s in social work, she became involved in training preschool teachers in the local school system. She told me that she had also returned to services at the church where she grew up and was building a studio in her garage so that she could go back to painting—an activity she had given up when she married Robert. At one of our sessions, she was almost in tears over how happy her new life was making her. She felt she was making a difference in the world. This was in direct contrast to the increasingly heated arguments that began the minute Robert walked in the door every night.

			WHO ARE YOU AND WHAT HAVE YOU DONE WITH MY WIFE?

			Soon Sylvia and Robert came to see me together for another couple’s session. Unresolved issues for both of them had finally come to a head. Robert couldn’t believe what he was hearing. For instance, “Make your own damn dinner or go out by yourself. For the last time, I’m not hungry. I’m happy painting right now and I don’t feel like stopping.” He said she had snapped at him at a party two nights before when she offered a suggestion about investing in a group of stocks and he told her to stay out of the discussion because she didn’t know what she was talking about. He was the one who read Barron’s, after all. “Yeah, you keep reading it, and you keep losing money. Have you seen my portfolio lately? I’ve made three times the amount you’ve made, so stop belittling me,” she’d replied. Everything he said seemed to annoy her. She announced she was moving out.

			When Sylvia was younger, she would do everything she could to avoid fights with her husband, even if she was really mad. Remember the tape that gets rolling during the teen years, when estrogen dials up the emotions and communication circuits—the one that makes a woman panic about any conflict as a threat to a relationship? That tape doesn’t stop rolling until a woman either consciously overrides it, or the supply of hormones that fuels it is cut off, or both. A time like now. All her life Sylvia had prided herself on being coy, accommodating, and willing to let her husband win—especially when he came home exhausted and on edge from the office. Her empathy for him was real. She kept the peace, as her Stone Age brain was compelling her to do, to keep the family together. Having a husband is good. We’re better protected this way. These were the messages keeping her from engaging in conflict. If Robert forgot their anniversary, she would bite her tongue. If he was verbally abusive after a long day at work, she stared straight into the stew she was stirring and didn’t respond.

			But as Sylvia hit menopause, the filters came off, her irritability increased, and her anger wasn’t headed for that extra “stomach” anymore, to be chewed over before it came out. Her ratio of testosterone to estrogen was shifting, and her anger pathways were becoming more like a man’s. The calming effects of progesterone and oxytocin weren’t there to cool off the anger either. The couple had never learned to process and resolve their disagreements. Now Sylvia confronted Robert with regularity, venting decades of pent-up rage.

			At their next session, it became clear that it was not all Robert’s fault. He was going through his own, more modest, life changes. But Sylvia still wanted to move out. Neither of them was yet aware of the changing reality in her brain, which was rewriting the rules not just for arguing but for every interaction of their relationship. Studies show that women who are unhappy with their marriages report more negative moods and illnesses during the menopause years. So when the hormonal haze lifts and the children leave home, women often find themselves more unhappy than they could allow themselves to realize before. Often all the unhappiness gets blamed on the husband. Obviously, Sylvia had her legitimate complaints about Robert. But the root cause of her unhappiness was still unclear.

			The next week she reported that her daughter had said, “Mom, you’re acting weird, and Dad is getting scared. He says you’re just not the woman he’s been married to for nearly thirty years, and he’s afraid you’ll do something crazy—like take all the money and run away.” Sylvia wasn’t crazy, and she wasn’t going to abscond with their savings, but it was true, she wasn’t the same woman. She told me that her husband once screamed at her, “What have you done with my wife?” A huge number of her brain circuits had been abruptly shut down, and just as abruptly, Sylvia had changed the rules of their relationship. As often happens in these situations, nobody told Robert.

			It is commonly believed that men leave their aging, chubby, postmenopausal wives for fertile, younger, thin women. This couldn’t be further from the truth. Statistics show that more than 65 percent of divorces after the age of fifty are initiated by women. My suspicion is that much of this female-initiated divorce is rooted in the drastically altered reality of postmenopausal women. (But as I have seen in my practice, it could also be because they are tired of putting up with difficult or cheating husbands and have just been waiting for the day when the children leave home.) What had been important to women—connection, approval, children, and making sure the family stayed together—is no longer the first thing on their minds. And the changing chemistry of women’s brains is responsible for the shifting reality of their lives.

			During any time when hormones are shifting and hijacking your reality, it’s important to examine impulses and make sure they’re real, as opposed to hormone-induced. Just as the drops in estrogen and progesterone before a period can make you believe you’re fat, ugly, and worthless, the absence of reproductive hormones can make you believe your husband is the cause of all your misery. Maybe he is. And maybe he isn’t. As Sylvia learned through our discussion, if you understand some of the biological reasons for your changing feelings and reality, you might just learn to talk about it with him—and he might just change. It’s a long process of education, one that best begins before the “change” takes place.

			WHO’S COOKING DINNER?

			During our session after my August vacation, Sylvia told me that she had decided she wanted a divorce after all. As a matter of fact, she had moved out the month I was away. Her friends had even started setting her up with new men. It didn’t take long before she was as annoyed with them as she was with Robert. Sylvia quickly discovered that older men were looking for a “nurse with a purse”—someone who had her own money and would take care of them for the rest of their lives. This was a bit shocking to her. It was just what she had been looking for in a man when she was young. Back then she wanted someone who would take care of her and bring the money with him. Back then she was willing to take care of him along with the children. Now it was the last thing on her mind.

			Sylvia still felt hopeful that she would find the “perfect man” to grow old with, an equal partner, a soul mate, someone she could talk to and share life’s joys with, but not do the physical caretaking, shopping, cooking, laundry, and cleaning that many of the men she was dating had come to expect of their ex-wives. As she put it, she had no intention of being a nurse, and she didn’t want someone to steal her purse. “Otherwise,” she said, “I’d rather have no one right now.” After all, she had lots of dear friends who made her happy. She was looking forward to a much less psychologically stressful existence than what she had been experiencing lately in arguing with Robert.

			This decreased urge to tend and nurture after menopause may not come as a relief to all women. Research has yet to examine the effects of low oxytocin, which ensues after estrogen declines, but it may lead to some real behavioral changes. Most women, however, are only vaguely aware of it—if at all. My patient Marcia, age sixty-one, admitted to me, for example, that she was feeling much less concerned about the problems and needs of her family, friends, and children, and less inclined to look after them. Nobody had complained to her about this decreased caretaking, though her husband wondered why he’d been fixing his own dinner a lot. Mainly, it was just something Marcia noticed in herself. She didn’t really mind her newfound emotional independence—she was spending more time on solo pleasures, such as the genealogical research she loved to do. She had not had a menstrual period in over four years. But her vaginal dryness, night sweats, and interrupted sleep had led her to start being treated with estrogen pills. Three months after she began estrogen therapy, however, Marcia’s nurturing instincts had returned. She hadn’t recognized how drastically they had changed over the past four years until they came flooding back. She told me she was shocked that one little pill could make her feel more like her old self—a self she only vaguely realized she had lost. Estrogen therapy may have stimulated her brain to produce higher levels of oxytocin again, triggering familiar, affiliative patterns of behavior, to her husband’s relief.

			         

			THE LAST TIME a woman had a nonfluctuating stress responsivity because of steady, low hormones was in the juvenile pause, or during the months of pregnancy, when the pulsing cells of the hypothalamus are shut down and the stress response is kept low. After ten years of no hormones, one of my postmenopausal patients reported to me that, although her sex drive was suffering, she and her husband had stopped fighting when they went on trips. It used to be that travel really stressed her out, but suddenly she was loving every minute of waking up early to catch a plane and going to unknown places. She even liked packing, and as the stress faded away, their travel fights had disappeared as well.

			As for Sylvia, soon after she moved out, she noticed that her mood swings and irritability stopped. She told me that her work with preschool teachers and parents had allowed her to become the person she always knew she ought to be. She began to look forward to the nights she spent alone, watching old movies, taking long bubble baths, and working late in her new studio. If her kids called, she was always eager to talk to them, but she found that she would not become as engaged in helping to solve their problems, getting upset, or giving them endless advice. At first she thought the reason her moodiness and irritability had decreased was that she had gotten the biggest problem out of her life: her bad marriage. But she had also noticed that her hot flashes had almost disappeared and she was sleeping well again.

			When she came to see me six months after leaving Robert, I gently queried whether it was only that her husband was out of the house, or whether it might also be that she had now settled into a new hormonal state, in which her mood was steadier. Sylvia also mentioned that she was less irritable, and during this session she even complained about being lonely and having nobody with whom to discuss the events in her children’s lives and her own. I suggested that she might be missing Robert’s company and that if they started spending time together but negotiated a new set of rules, she might notice that their relationship was more balanced.

			JUST GETTING STARTED

			At menopause, the female brain is nowhere near ready to retire. As a matter of fact, many women’s lives are just hitting their peak. This can be an exciting intellectual time now that the burden of rearing children has decreased and the preoccupation of the mommy brain is lessened. The contribution of work to a woman’s personality, identity, and fulfillment once again becomes as important as it may have been before the mommy brain took over. When Sylvia found out that she was accepted into a master’s program in social work, it was one of the happiest days of her life. She hadn’t had such a feeling of accomplishment since she graduated from college, got married, or had her children.

			As a matter of fact, work and accomplishment can be critical to a woman’s sense of well-being during this life transition. Studies have shown that women with high career momentum at this stage of life viewed their work as more central to their identities than did women who were just maintaining or decreasing their career momentum. Also, women with high career momentum scored better on measures of self-acceptance, independence, and effective functioning in their fifties and sixties, and rated their physical health higher than did other women. There’s a lot of life left after menopause, and embracing work—whatever that may be—passionately clearly allows a woman to feel regenerated and fulfilled.

			LEAVE ME ALONE ALREADY

			Edith made an appointment with me as her husband, a psychiatrist, was winding down his practice in order to retire. Although they had a good relationship most of the time, all she could envision was that he would be constantly invading her space, demanding she serve him twenty-four hours a day. Her distress over the idea had given her insomnia. And she turned out to be right. The minute he was home, he started asking, “Where’s lunch? Did you buy my salami? Who moved my toolbox? Aren’t you going to clean up the dishes? They’ve been sitting in the sink for an hour.” When she hadn’t gone shopping because she was busy, he said, “Busy with what?” She had been helping her mother’s oldest friend with things around the house. She had been taking care of her grandchildren on Tuesdays. She had a regular bridge game and lunch dates, and she attended a book club. She was busy working at the things that mattered to her. She liked her freedom. Her husband was dumbfounded that she showed little interest in him and had so much of her own life to live.

			This change in behavior is actually the most common one I see in women sixty-five and older. Like Edith, they come into my office depressed, anxious, and unable to sleep. I soon find out that their husbands have retired over the past year. They feel conflicted, angry, and pulled away from their own work and activities. They don’t want to live this way for the rest of their lives. This fear of losing freedom can happen even if the marriage relationship is basically good. Somehow many women feel that they cannot renegotiate the unwritten marriage contract. “Of course you can,” I tell them. “Your life depends on it.”

			Weeks later, after Edith and her husband had been on a month’s vacation, she returned to see me. A pleased grin on her face, she said, “Mission accomplished! He has agreed to keep out of my hair.” They had renegotiated the rules for the next phase of their life.

			HORMONES IN THE FEMALE BRAIN AFTER MENOPAUSE

			Hormones in the brain are part of what makes us women. They are the fuels that activate our sex-specific brain circuits, resulting in female-typical behavior and skills. What happens to our female brains at menopause, when we lose this hormonal fuel? The brain cells, circuits, and neurochemicals that have relied on estrogen soon shrivel. In Canada the researcher Barbara Sherwin found that women who had estrogen replacement therapy right after the removal of their ovaries retained the memory function they’d had before, but women who had no estrogen replacement right after their ovaries were removed had declining verbal memory unless they were soon given estrogen. The therapy restored their memory to nearly premenopausal levels—but only if they began it immediately or soon after the operation. There’s a brief window, it seems, when estrogen provides maximum protective benefits for the brain.

			Estrogen may have a protective effect on many aspects of brain functioning, even on the mitochondria—energy centers of cells—especially those in blood vessels in the brain. Researchers at the University of California, Irvine, found that estrogen treatment increased the efficiency of these mitochondria, perhaps explaining why premenopausal women have lower rates of stroke than men their age. Estrogen can help the brain’s blood flow stay strong for years into older age. At Yale University, for instance, researchers treated postmenopausal women with estrogen or a placebo for twenty-one days, then scanned their brains while they performed memory tasks. The women on estrogen had brain patterns characteristic of younger subjects, while those without estrogen had brain patterns typical of much older women. And yet another study, of brain volume in postmenopausal women, suggested that estrogen protects specific parts of the brain. In women who took estrogen, there was less shrinkage in the brain areas for decision making, judgment, concentration, verbal processing, listening skills, and emotional processing.

			The protective effect estrogen appears to have on female brain function is one reason scientists are carefully reconsidering the results of the Women’s Health Initiative in 2002, a study that found that women who started taking estrogen after a thirteen-year gap post-menopause didn’t get its protective effects on the brain. Scientists have now shown that a gap of more than five or six years after menopause without estrogen means that the opportunity to reap estrogen’s preventative effects on the heart, brain, and blood vessels is likely gone. Early treatment with estrogen may be especially important to protect brain function as well.

			Many women have felt confused and betrayed by the fact that they were told one thing a few years ago by their doctors about hormone replacement therapy (HRT), now called HT, but now hear the opposite based on the results of the WHI study. I myself—as both a doctor and a postmenopausal woman—have been caught in that bind. How and when to start HT and when and if to stop remain burning questions for patients and doctors alike. Until new studies clarify this issue, however, each patient must find her own way—using diet, hormones, activities, exercise, appropriate treatment, and regular input from informed doctors who are specialists in hormone therapy. I now have a complete discussion with each of my menopausal patients about her family genetics, lifestyle, symptoms, health issues, and the risks and benefits of HT for her.

			Despite the storms and hormonal adjustments of menopause, most women stay remarkably vigorous, smart, and capable as they age, even without the assistance of estrogen. Not all women need or want hormone therapy. It’s usually not until decades after menopause that the natural process of aging starts affecting the functioning of the female brain. Men’s and women’s brains age differently, with men losing more of the cortex sooner than women.

			While every woman’s body and brain react differently in the years after menopause, for many this is a time of increasing freedom and control over our lives. Impulses are less likely to confuse or agitate us. Our survival may no longer depend on a steady paycheck, and there’s less value in pretending about how we feel and more in presenting and living our passionate, real selves. Helping others and being engaged in solving serious problems in the world can energize us. This is also a time when grandmothering can bring new, often uncomplicated joy. Maybe life does save some of the best for last. My sixty-year-old patient Denise, for example, had always been an independent woman focused on her marketing career, even while she was raising her two children. When her daughter gave birth for the first time, Denise was unprepared, she told me, for the waves of love she felt for her grandchild. “I was completely swept off my feet,” she said, “which I never, ever expected. I’ve got a million things going on in my life, but for some reason I can’t get enough of this baby. And my daughter’s letting me into her life in a way that she never has before. She needs me now, and I want to be there for her.”

			The special, supportive role that grandmothers play may be one of the reasons that evolution engineered women to live for decades after they can no longer bear children. Grandmothers, according to the University of Utah anthropologist Kristen Hawkes, may actually be one of the keys to growth and survival in ancient human populations. Hawkes argues that in the Stone Age, the extra food-gathering efforts of able-bodied postmenopausal women increased the survival rate of young grandchildren. Grandmothers’ provisioning and help also enabled younger women to produce more children at shorter intervals, increasing the population’s fertility and reproductive success. Even though the life span in hunter-gathering societies is typically less than forty, about a third of all adult women survive past that age, and many go on to live productively into their sixties and seventies. Among the Hadza hunter-gatherer population in Tanzania, Hawkes found, for example, that hardworking grandmothers in their sixties spent more time foraging than did younger mothers, providing food for their grandchildren and increasing their chances of survival. Researchers have found similar positive effects of grandmothers among Hungarian gypsies and populations in India and Africa. In rural Gambia, in fact, anthropologists found that the presence of a grandmother improves a child’s prospects for survival much more than the presence of a father. In other words, women at menopause, the world over, have the option to embrace the life-sustaining role of grandmother, too.

			NOW WHAT DO I DO?

			A century ago, menopause was relatively rare. Even in the late nineteenth and early twentieth centuries, the average age of death for women in the United States was forty-nine—two years before the typical woman ends her menstrual cycle. Women in the United States can now expect to live many decades after their periods stop. Science, however, hasn’t fully caught up with this change in demographics. Our knowledge about menopause is relatively new and incomplete, though it’s advancing rapidly as large populations of women are moving through this once rare transition. Forty-five million American women are now between ages forty and sixty.

			Planning for the many years after menopause is historically a new option for women. Being able to visualize exciting projects of their own choosing can be one of the most delightful parts of women’s lives in the new century. They may have attained personal and economic power by this time. They may have a broad knowledge base, and for the first time in their lives they may have more exciting options than they ever imagined possible. One scientist friend of mine, Cynthia Kenyon, an expert in aging, believes that in the future women will likely live to be more than 120, a lot of years to imagine.

			For Sylvia, imagining her postmenopausal years meant rediscovering Robert. When she came to see me again two years after she and Robert broke up, she told me that after she got back to the girl she once was, felt the joy of rediscovering who she really was, and had dated enough disillusioning older men, she realized she missed Robert. He was the only one she could talk to about certain things—including their wonderful children. One day he invited her to dinner and she decided to accept. They met at a romantic restaurant, talked calmly about what had gone wrong, and ended up apologizing for the unhappiness they had caused each other. They also had new experiences to share—her job, her painting, his new interest in antiques, and even their funny adventures in dating. Over time they rediscovered their friendship and respect for each other and realized that they had already found their soul mates. They just needed to rewrite the contract.

			         

			THE MATURE FEMALE brain is still relatively unknown territory, but it’s a wide open place for women to discover, create, contribute, and lead in positive ways for future generations. And maybe even have the most fun years of their lives. The postmenopausal years can be a time for both men and women to redefine their relationships and roles, and take on new challenges and adventures independently and together.

			I know for myself that having raised my son, discovered passion in my work, and finally having found my soul mate makes me feel very grateful for my life. The struggles along the way have certainly been painful as well, but they have also been my greatest teachers. The reason I wrote this book was to share my knowledge about the inner workings of the female brain with other women who are traveling their own similar paths, trying to be true to themselves and understand how their innate biology affects their reality. I know it would have helped me to know more about what my brain was doing during many of the craziest times in my life. At each step of the way we can better understand our world if we can have a vision of what our brains are doing. Learning how to harness the female brainpower we have will help us each become the woman we ought to be. As a postmenopausal woman, I find myself excited and more determined than ever to try to make a difference in the lives of the girls and women I touch. Of course, I still can’t see around the corner for myself—but the many decades ahead seem full of hope, passion, and outward momentum. I hope this map will help guide you through the incredible journey of the female brain.

		

	
		
			EPILOGUE
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			The Future of the Female Brain

			IF I HAD to impart one lesson to women that I learned through writing this book, it would be that understanding our innate biology empowers us to better plan our future. Now that so many women have gained control over their fertility and achieved economic independence, we can create a blueprint for the road ahead. That means making revolutionary changes in society and our personal choices of partners, careers, and the timing of our children.

			Since women are now taking their twenties to get educated and establish their careers, more career women are pushing the boundaries of their biological clocks and having children in their mid-to late thirties—even early forties. A large percentage of my residents in their mid-thirties haven’t yet even found the men with whom they want to start families because they have been so busy building their careers. This doesn’t mean that women have made bad choices. It means that the phases of women’s lives have drastically expanded. In early modern Europe, women became fertile at age sixteen or seventeen and had all their children by the time they were in their late twenties. Now, by the time the mommy brain takes over, women are fully entrenched in careers, and that means an inevitable tug-of-war because of overloaded brain circuits. Then women find themselves facing the ups and downs of perimenopause and menopause with toddlers and preschoolers running around the house. At the same time, they are managing busy careers. If a woman hasn’t come to see me in her mid-thirties to talk about the challenges of her fertility and career, then she will come in her mid-forties, saying that she just doesn’t have time for perimenopause. She can’t afford to lose her memory and focus from moods that make her miserable because her hormones are out of sync.

			What does all this mean in terms of women’s innate brain biology? It doesn’t mean that women should get off the path of motherhood combined with career; it just means they may benefit from getting a glimpse of all the balls they will need to juggle starting in their teen years. Obviously, there is no way that any of us can see around the corners in our lives and anticipate every type of support we will need. Understanding what is happening in our brains at each phase, however, is an important first step in controlling our destiny. Our modern challenge is to help society better support our natural female abilities and needs.

			My intentions for this book were to help women through the various shifts in their lives: shifts so big they actually create changes in a woman’s perception of reality, her values, and what she pays attention to. If we can understand how our lives are shaped by our brain chemistry, then maybe we can better see the road ahead. It’s important to visualize and plan for what’s coming. I hope this book has made a contribution to the mapping of the female reality.

			There are those who wish there were no differences between men and women. In the 1970s at the University of California, Berkeley, the buzzword among young women was “mandatory unisex,” which meant that it was politically incorrect even to mention sex difference. There are still those who believe that for women to become equal, unisex must be the norm. The biological reality, however, is that there is no unisex brain. The fear of discrimination based on difference runs deep, and for many years assumptions about sex differences went scientifically unexamined for fear that women wouldn’t be able to claim equality with men. But pretending that women and men are the same, while doing a disservice to both men and women, ultimately hurts women. Perpetuating the myth of the male norm means ignoring women’s real, biological differences in severity, susceptibility, and treatment of disease. It also ignores the different ways that they process thoughts and therefore perceive what is important.

			Assuming the male norm also means undervaluing the powerful, sex-specific strengths and talents of the female brain. Until now, women have had to do most of the cultural and linguistic accommodating in the work world. We have been fighting to adapt to a man’s world—after all, women’s brains are wired to be good at changing. I hope this book has been a guide—for us, our husbands, fathers, sons, male colleagues, and friends—to the minds and biobehavior of women. Perhaps this information will help men begin adapting to our world.

			Almost every woman I have seen in my office, when asked what would be her top three wishes if her fairy godmother could wave her magic wand and grant them, says, “Joy in my life, a fulfilling relationship, and less stress with more personal time.” Our modern life—the double shift of career and primary responsibility for the household and family—has made these goals particularly difficult to achieve. We are stressed out by this arrangement, and our leading cause of depression and anxiety is stress. One of the great mysteries of our lives is why we as women are so devoted to this current social contract, which often operates against the natural wiring of our female brains and biological reality.

			During the 1990s and the early part of this millennium, a new set of scientific facts and ideas about the female brain has been unfolding. These biological truths have become a powerful stimulus for the reconsideration of a woman’s social contract. In writing this book I have struggled with two voices in my head—one is the scientific truth, the other is political correctness. I have chosen to emphasize scientific truth over political correctness even though scientific truths may not always be welcome.

			I have met thousands of women during the years my clinic has been running. They have talked to me about the most intimate details of events in their childhoods, teen years, career decisions, choice of a mate, sex, motherhood, and menopause. While female brain wiring has not changed much in a million years, the modern challenges of the different phases of women’s lives are remarkably different from those of our foremothers.

			Even though there are now proven scientific differences between men’s and women’s brains, this, in many ways, is the Periclean golden age for women. The age of Aristotle, Socrates, and Plato was the first time in Western history that men gained enough resources to have the leisure for intellectual and scientific pursuits. The twenty-first century is the first time in history that women are in a similar position. We have not only the critical, unprecedented control over our fertility but independent economic means in a networked economy. Scientific advances in women’s fertility have given us enormous options. We can now choose when, if, and how to bear children over many more years of our lives. We are no longer economically dependent on men, and technology has provided the flexibility to toggle between professional and domestic duties at the same time and in the same place. These options give women the gift of using their female brains to create a new paradigm for the way they manage their professional, reproductive, and personal lives.

			We are living in the midst of a revolution in consciousness about women’s biological reality that will transform human society. I cannot predict the exact nature of the change, but I suspect it will be a shift from simplistic to deep thinking about the changes we need to make on a grand scale. If external reality is the sum total of the way people conceive it, then our external reality will change only when the dominant view of it changes. The scientific facts behind how the female brain functions, perceives reality, responds to emotions, reads emotions in others, and nurtures and cares for others are women’s reality. Their needs for functioning at their full potential and using the innate talents of the female brain are becoming clear scientifically. Women have a biological imperative for insisting that a new social contract take them and their needs into account. Our future, and our children’s future, depends on it.

		

	
		
			APPENDIX ONE

			[image: image]

			The Female Brain
 and Hormone Therapy

			IN 2002 THE Women’s Health Initiative (WHI) and Women’s Health Initiative Memory Studies (WHIMS) found that women who took a specific type of hormone therapy for six years, starting at age sixty-four or older, had a small increase in the risk of breast cancer, stroke, and dementia. Ever since, hormone therapy (HT) for women has been downright confusing. Doctors have been massively backpedaling on what they had told their women patients about hormone therapy. And both the doctors and the women caught in the middle have felt betrayed.

			The big question remains: whether or not to take hormones during or after menopause. Women want to know, Will the benefits outweigh the risks for me personally? Since the average woman in the WHI study was sixty-four years old and hadn’t been on any hormones for thirteen years after menopause, do the study results pertain to, say, a fifty-one-year-old woman now going through menopause and feeling miserable? Or a sixty-something woman who has been on and off hormone therapy? Women ask, Will my brain be able to adjust to no estrogen? Will my brain cells be unprotected if I don’t take hormone therapy?

			Since the WHI study was not designed to answer questions about hormone therapy and protection of the female brain, we must turn to other studies that have looked directly at the effects of estrogen on the brain.

			Estrogen’s effect on brain cells and function has been extensively studied in female laboratory rodents and primates. These studies have clearly shown that estrogen promotes brain cell survival, growth, and regeneration. Other studies in women suggest many benefits of estrogen on the growth of neurons and maintenance of brain function as we age. These studies scanned the brains of postmenopausal women, some who took HT and others who did not. The following areas were spared the usual age-related shrinkage in women taking HT: the prefrontal cortex (an area for decision making and judgment), the parietal cortex (an area for verbal processing and listening skills), and the temporal lobe (an area for some emotional processing). Given these positive studies, many scientists now believe that HT should be thought of as a protector against age-related brain decline, although this belief conflicts with the findings of WHI and WHIMS.

			It’s important to note that there has been no long-term study of the brain effects of estrogen therapy in women who start taking hormones right at menopause, around age fifty-one. The Kronos Early Estrogen Prevention Study, begun in 2005, was designed by Fred Naftolin and colleagues at Yale to research the effects of giving HT to women ages forty-two to fifty-eight, right at the perimenopause and menopause. Its results are due sometime after 2010. Until then, what information other than WHI and WHIMS can we rely on to make our decisions?

			On the positive side, the Baltimore Longitudinal Study of Aging—the longest-running scientific study of human aging in the United States, begun in 1958—found numerous brain benefits from HT. Women on hormone therapy, the study shows, have greater relative blood flow in the hippocampus and other brain areas related to verbal memory. They also perform better on verbal and visual memory tests than women who had never been treated with HT. Hormone therapy—with and without progesterone—also helps protect the structural integrity of brain tissue, preventing the usual shrinkage seen with age.

			Certain brain regions age faster or more slowly in males and females, just as they develop at different rates early in life. We know that men’s brains shrink faster with age than women’s brains. This is especially true in regions such as the hippocampus; the prefrontal white matter, which speeds decision making; and the fusiform gyrus, an area involved in facial recognition. Researchers at UCLA found that postmenopausal women on estrogen therapy were less depressed and angry and performed better on tests of verbal fluency, hearing, and working memory than did postmenopausal women who were not taking estrogen, and they outperformed men, too. By contrast, researchers at the University of Illinois found that women who had never taken HT had significantly more shrinkage in all brain areas than did women who took HT. They also found that the longer women took HT, the more gray matter, or brain cell volume, they had compared with women who weren’t taking HT. These positive effects held and even increased the longer a woman took HT.

			Each woman, of course, is an individual, and her brain is quite different not only from a man’s but from other women’s. This variation makes brain comparison studies between individuals difficult. One way around this difficulty, is to examine identical twins. A Swedish study looked at pairs of postmenopausal female twins, from age sixty-five to eighty-four, in which one twin took HT while the other did not over many years. The HT users had better scores on tests of verbal fluency and working memory than their twin sisters. The twins on HT, in fact, showed 40 percent less cognitive impairment, regardless of the type and timing of the hormone treatment.

			Barbara Sherwin in Canada has also been studying the effects of estrogen on the brains of postmenopausal and posthysterectomy women for over twenty-five years. In her research, estrogen treatment showed protective effects on verbal memory in healthy, forty-five-year-old, surgically menopausal women who had been given estrogen immediately after their operations. However, no effect was found when estrogen was given to older women years after their surgical menopause. These findings suggest that there is a critical time for initiating estrogen therapy following menopause. Sherwin believes these factors may explain why no protective effect of HT on cognitive aging was found in the WHIMS.

			These recent studies on the brain-preserving effects of HT, and the contradictory results of the WHI and WHIMS, highlight some of the current controversies surrounding postmenopausal hormone therapy and the female brain.

			FREQUENTLY ASKED QUESTIONS

			What happens to my brain as I pass through menopause?

			Menopause itself technically lasts for only twenty-four hours—the day that is twelve months after your final period. The very next day you begin the postmenopause. The twelve months leading up to that single day of menopause make up the last months of the so-called perimenopause. At age forty to forty-five, the female brain begins the early phase of perimenopause, the two to nine years before the day of menopause. At this stage, the brain for some reason starts to become less sensitive to estrogen. The precisely timed dialogue between the ovaries and brain begins to get garbled. The biological clock controlling the menstrual cycle is wearing out. This difference in sensitivity causes the timing of the menstrual cycle to change, and periods start to come a day or two earlier. It can also cause menstrual blood flow to change. As the brain becomes less sensitive to estrogen, the ovaries may try to compensate some months by making even more estrogen, causing heavier menstrual flow. This decrease in sensitivity to estrogen in the brain can also trigger a cascade of symptoms that vary from month to month and year to year, ranging from hot flashes and joint pain to anxiety, depression, and changing levels of libido.

			Depression is a surprisingly common problem in perimenopause. Researchers at the National Institute of Mental Health found that perimenopausal women have fourteen times the normal risk of depression. That risk is especially high during late perimenopause, the two years before menstruation stops. Why might this be so? At the maximum period of estrogen change, the neurochemicals and brain cells that are usually supported by estrogen—such as serotonin cells—have become disturbed. This perimenopausal depression can sometimes be treated with estrogen therapy alone if it is mild. Bottom line, the transition through perimenopause can be a time of vulnerability to mood instability and irritability because of the brain’s changes in estrogen and stress sensitivity. Depression can come out of the blue, even for women who’ve never previously experienced it.

			The lack of joy in life, in the absence of any real-life tragedy, may be caused by low estrogen in the brain, which in turn decreases neurochemicals such as the mood-elevating serotonin, norepinephrine, and dopamine. Irritability, lack of mental focus, and fatigue can be caused by low estrogen and made worse by lack of sleep. A major problem for many perimenopausal women is sleep—either with or without hot flashes. There’s no time in your life when it’s healthy to go without adequate sleep, but this is especially true when you’re over age forty. Sleep is an essential renewing treatment for the brain. Unfortunately, erratic estrogen changes during perimenopause can disturb the female brain’s sleep clock. If you don’t sleep well for several days, it can be hard to concentrate; you may also become more impulsive and irritable than usual and say things you wish you hadn’t. So this may actually be a good time to bite your tongue in order to protect relationships. All these symptoms of the perimenopause in my experience can usually be treated with a combination of estrogen, antidepressants, exercise, diet, sleep, and supportive or cognitive therapy.

			Once a woman has officially passed through menopause, her brain has started readjusting to low estrogen. For most women, the disruptive symptoms of perimenopause now begin to abate, though a percentage of women, unfortunately, suffer for another five years or more. Fatigue, mood changes, interrupted sleep, “mental fog,” and memory changes occur for some women, and more than about 15 percent still have hot flashes a decade or more past menopause. Some three out of ten postmenopausal women suffer from periods of low mood and depression, and up to eight out of ten experience fatigue. (All women with fatigue should have their thyroid checked.) Some studies, but not all, found that age-related cognitive functions, such as short-term memory, decline more quickly in the first five years after menopause.

			In most cases, the female brain acclimates to lower levels of estrogen as the ovaries gradually retire. If a premenopausal woman has surgery to remove her uterus and ovaries, however, she’ll plunge into menopause with no transition. The sudden loss of estrogen, as well as testosterone, can trigger symptoms including low energy, low self-esteem, and low libido, as well as severe mood and sleep changes along with hot flashes. Most women who have total hysterectomies can avoid these problems if they start on estrogen replacement therapy in the recovery room or even before surgery. Early treatment with estrogen can be especially important to protect memory function posthysterectomy, as Barbara Sherwin’s studies have suggested.

			Should I take hormones for my brain, and what can I do to reduce my risk of stroke and breast cancer if I do?

			Most doctors now feel that each woman should let her own symptoms at menopause or perimenopause be her guide. For many women, HT, especially with continuous estrogen, helps stabilize mood and improves mental focus and memory. Some women say estrogen therapy gives them back their sharp minds and makes them feel smart again. Other women report unpleasant side effects, such as menstrual bleeding, cramping, breast tenderness, and weight gain, which may cause them to discontinue the therapy.

			So what’s the best advice to date on HT? The Food and Drug Administration now recommends that women with menopause symptoms take the lowest dose of hormones for the shortest time possible, since scientists assume that lower doses are likely to be safer. The position statement by the Executive Committee of the International Menopause Society recommends that doctors not change their previous practices in prescribing hormone therapy to women at menopause or stop HT in any woman who is doing well on it because the WHI and WHIMS did not study women during the menopausal transition. Some American scientists, such as Fred Naftolin of Yale, are quite worried that doctors are now denying women the chance to take estrogen for prevention before it’s too late. He says,

			

			So…these menopausal symptoms are warnings of estrogen deficiency [that are] singing out to alert us of the need to test the idea of prevention by timely estrogen treatment. We must rethink the current American position on prevention of menopausal complications by estrogen and thereby afford women the [treatment and] scientific rigor that they deserve.

			

			Some studies indicate that if you are more than six years past menopause you have lost your window for prevention and should not start HT. Bottom line, every woman needs to discuss her personal risks and benefits with a doctor who specializes in hormone therapies. Rogerio Lobo, an expert for thirty years in HT, states that “the appropriate use of hormones largely alleviates concerns about the increased risk of cardiovascular (CV) disease and breast cancer. The appropriate use of hormones pertains to treating younger, healthy women who have menopausal symptoms as well as using low-doses of hormones and switching to estrogen-only therapy whenever possible.”

			If you’re suffering from symptoms that are disrupting your quality of life, you may want to consider a few years of hormones to ease your brain through this transition. It’s not a moral issue; you’re not a weak person if you happen to be in the large group of women who need some medical help to be their best selves during this hormonal transition. And don’t feel that you’re making a decision today that will commit you to a particular treatment over the next forty years. You may want to continue HT after you get through the menopause transition, and you may not. Many new scientific discoveries and products regularly become available, and the race is on in the drug industry to develop estrogen-like drugs that help the brain and the bones without posing a risk to women’s breasts, heart, uterus, and vascular system. There are also many nonhormonal and alternative medicines and treatments that can be very helpful—including exercise, SSRIs, soy, high-protein/ low-calorie diet, vitamins E and B-complex, acupuncture, stress reduction, and meditation practice. The smart thing to do is keep informed and reevaluate your decision every twelve months.

			If you do decide to take HT, be prepared for a period of trial and error. Responses vary greatly, so you’ll have to test-drive different treatments in your own body. Some HT doctors like to start with bioidentical hormones, which are most like the ones your own ovaries produce. If for some reason these don’t help you feel better, you should discuss other types of hormones; some women feel better on synthetic hormones or on patches, pills, gels, injectables, or pellets. If you still don’t feel good or better, don’t give up. Ask your doctor about alternatives or additions to hormones to treat your symptoms for the next year or two, including prescription serotonin drugs such as Effexor, Zoloft, or Prozac, herbal treatments, or exercise and relaxation therapies. The fact is, you know your own body best. Let your own symptoms be your guide. Above all, since new research is constantly emerging, plan to discuss whatever treatment you’re currently using every year with your doctor—it’s a good idea to set your appointment around your birthday so you won’t forget.

			One of the major reasons scientists believe women in the WHI and WHIMS who took HT had somewhat more stroke, dementia, and heart attacks was that taking estrogen on top of already clogged and aging blood vessels makes matters for the heart’s and brain’s blood vessels worse—especially since many of these women were smokers. If you decide to take hormone therapy, keep your blood pressure low, don’t smoke, get at least sixty minutes per week of increased-pulse cardiovascular exercise, keep your cholesterol low, eat as many vegetables as you can, take vitamins, decrease your stress, and increase your social support.

			Weight gain, not brain functioning, is actually the biggest concern many women express about HT and the major reason they give worldwide for stopping the treatment. The hypothalamus controls our appetite. Since many of the changes during the menopause happen in this area of the brain, some scientists have speculated that the appetite-controlling cells are adversely affected by declining estrogen. To test whether weight gain was caused by HT, researchers in Norway studied ten thousand women ages forty-five to sixty-five who were and were not on hormone therapy. Their results showed that weight gain is not linked to HT. Instead they found that changes in a woman’s diet and physical activity, both of which may have to do with changes in her hypothalamus at menopause, are the cause of weight gain.

			A NOTE ABOUT HORMONE THERAPY: ESTROGEN WITH OR WITHOUT PROGESTERONE

			Estrogen-only therapy, without progesterone, it’s important to note, is appropriate only for postmenopausal women who’ve had hysterectomies. It’s not the same as hormone replacement therapy (HT), with progesterone, which is prescribed for women who still have a uterus. There’s an important difference: HT with progesterone keeps estrogen from building up the uterine lining and possibly producing cancer cells. Progesterone can be taken in pill form combined with estrogen or as an intrauterine device with progesterone or vaginal gel. Progesterone, however, seems to counter some of the positive effects of estrogen in the female brain. Just as progesterone reverses the growth of unwanted cells in the uterus, it seems to reverse some of the growth of new connections in the brain. As a result, the brain benefits of HT with progesterone are a matter of controversy. If a woman is able to take estrogen alone because she has no uterus, she can get all the benefits of estrogen she had at the best part of her menstrual cycle—all the time, but without the PMS-causing progesterone. Some women who do not tolerate progesterone but still have a uterus can have annual removals of their uterine lining through a procedure called dilation and curettage (D & C) or endometrial ablation. They can also get annual vaginal ultrasounds of the uterine lining to make sure it isn’t growing. Women taking the lowest doses of estrogen HT do not usually need to take progesterone even if they still have a uterus.

			It’s not until many years after menopause that the natural processes of aging start having a noticeable effect on the functioning of the female brain. Some memory decline does start as early as age fifty, but it is usually not bothersome. Hormone therapy may or may not help slow it down. Many of these aging processes involve decreased blood supply and a breakdown in the body’s ability to repair damage.

			It is now clear that estrogen keeps blood vessels in the brain healthy. Researchers at the University of California, Irvine, found that estrogen did this by increasing the efficiency of the mitochondria in the brain’s blood vessels, perhaps explaining why premenopausal women have lower rates of stroke than men their age. Research at Children’s Hospital in Pittsburgh, Pennsylvania, also discovered a sex difference in the way brain cells die after injury. Levels of glutathione, a molecule that helps brain cells survive oxygen deprivation, remain stable in females after a brain injury, but they drop up to 80 percent in males, resulting in greater brain cell death. It may be that male and female brain cells die in different ways following established sex-specific biological patterns and pathways that may be related to why women live longer than men.

			Sex differences appear in other aging processes, too. Estrogen and progesterone, for example, seem to help repair and maintain the connecting cables between brain areas. As our brains age and our bodies stop repairing these connections, we lose white matter, and our brains process and send information more slowly or not at all. As a result, some signals get weaker, changing the pathways, patterns, and speed in our aging brains.

			One process that often slows down noticeably is memory retrieval. This is common in the older brain even though no specific disease or dementia is present. Alzheimer’s is one of a group of dementia diseases that gradually destroy brain cells and impair mental function. Alzheimer’s makes sticky plaques in the brain, decreasing the ability of brain cells to communicate with one another and eventually killing them. Although men tend to be more vulnerable to age-related memory loss than women, postmenopausal women, it turns out, have three times more risk than men for developing Alzheimer’s disease. Scientists don’t yet understand this gender difference but suspect it may have to do with older men’s brains having more testosterone and estrogen than those of postmenopausal women who don’t take HT. Careful studies of the brains in an animal model of Alzheimer’s have shown deficient levels of estrogen. It remains a mystery, nevertheless, why women are more susceptible to this disease even after correcting for the fact that on average they live longer.

			Studies indicate that starting estrogen replacement therapy early in menopause, when neurons are healthy, reduces the risk of Alzheimer’s disease. However, estrogen therapy initiated once the disease has developed or decades after menopause offers no benefit. Evidence from animal experiments and human studies also suggests that estrogen therapy may be able to delay dementia symptoms and brain aging in females. The idea that estrogen therapy may help prevent some cases of Alzheimer’s in women is an attractive one but remains to be proven.

			For women—even those past menopause—staying socially connected and supported is an important way to reduce the stresses of living alone and getting older. Women respond to stress differently than do men and get more benefit from social support.

			Many activities can counter the effects of aging on the brain. Researchers at Johns Hopkins University found that women and men over age sixty-five who had the widest variety of activities had the lowest rates of dementia. Physical exercise, such as walking and bike riding, helped, but so did mental exercises, such as playing cards. As our bodies age, it’s important to stay active on many levels, and it’s diversity, not intensity, that may be key.

			COPING WITH ANOTHER BRAIN DRAIN: TESTOSTERONE LOSS

			Unfortunately, estrogen loss isn’t the only brain drain for females around menopause. By age fifty, many women have lost up to 70 percent of their testosterone. This is because not only do the ovaries stop manufacturing as much at menopause but the adrenal glands, which provide 70 percent of a woman’s androgens and testosterone, made as a prehormone called DHEA, during her fertile years, have greatly decreased their production, too, resulting in a hormone transition called “adrenopause.” After menopause, the adrenal glands—even with their diminished production—supply over 90 percent of a woman’s androgens and testosterone. Both men and women, in fact, go through this testosterone and androgen loss from the adrenal gland, as some of the adrenal cells die starting at about age forty. By age fifty, men have lost half of their adrenal testosterone and 60 percent of the testosterone produced by the testes when they were young. Men’s sex drive, as a result, often declines in these years. Since testosterone is required to stimulate sexual interest in the brain, the plunge in testosterone after menopause can cause women to feel little or no interest in sex.

			Males, for most of their adulthood, produce ten to one hundred times as much testosterone as females do. Their testosterone levels range from 300 to 1000 (picograms per milliliter), compared with 20 to 70 for women. Even though men’s testosterone drops 3 percent a year on average from its high, at age twenty-five, it usually stays well above 350 into middle age and beyond—and 300 picograms per milliliter is all men need to maintain sexual interest. It takes much less testosterone to spark sexual urges in a woman, but she does need enough to trigger her brain’s sex center. Women’s youthful testosterone high is at age nineteen, and by the age of forty-five or fifty, women’s levels have dropped by up to 70 percent—leaving many with very low testosterone levels. In these cases, like a car that’s out of gas, the sex center in the hypothalamus doesn’t have the chemical fuel it needs to ignite sexual desire and genital sensitivity. The physical and mental engines of sexual arousal stall.

			Complaints about women’s sexual interest and performance are extremely common at all ages. Four in ten American women—nearly half—are unhappy with some aspects of their sexual lives, and between the ages of forty and fifty, that number climbs to six in ten. Some of the most widespread complaints in women during and after the perimenopause are diminished sex interest and arousal, difficulty achieving orgasms, weaker orgasms, and aversion to physical or sexual touch. Millions of women suddenly see their sex drive disappear—and researchers have found strikingly similar patterns all over the world. The biological reasons for this decline are profound hormonal changes in the brain. The estrogen, progesterone, and testosterone surges from the ovaries that formerly marinated the brain are now ending. Androgen and testosterone production by the adrenal glands and ovaries, which surged around puberty and remained high into a woman’s twenties and early thirties, dwindles by about 2 percent per year, until by the age of seventy or eighty we have only 5 percent of what we had when we were twenty. Libido in women decreases with age starting in the third decade of life and is especially prevalent if women have had their ovaries removed.

			Sexual intercourse and interest in sex in women begin to decline in the fourth and fifth decades. Most women who have sexual partners at menopause continue to have sex. Studies in nursing homes have shown that a quarter of women ages seventy to ninety still masturbate. For those who have experienced declining sexual interest and want to dial it back up again, restoring testosterone to more youthful levels with gels, creams, or pills may help. Until recently, however, medical science paid scant attention to testosterone deficiency in females. Doctors feared, instead, that women might have too much of this chemical traditionally associated with masculinity and develop unnatural male traits, such as facial hair, aggression, and deep voices. In large measure because of this bias, there’s been almost no focus until recent years on the real and troubling effects for women of too little testosterone.

			WHAT TO DO ABOUT SEXUAL COMPLAINTS AND HOW TO GET HELP

			Those who grew up in the culture of the feminist and sexual revolutions and beyond believe that hot, passionate, satisfyingly orgasmic sex is something to which women should feel entitled. Over the last two or three decades, the stereotype of the easily aroused, enthusiastically sexual, even predatory female has replaced the more traditional view of the demure woman who has to be seduced or loosened up with alcohol. But this new woman is a fiction in much the same way her reticent forerunner was. Unfortunately, the truth is, many women discover at the beginning of menopause that good sex is not only hard to find but also physically challenging, impossible, or unappealing. We may suddenly find ourselves grappling with low or no sex drive, arousal problems, or the inability to have an orgasm—physical changes that can be surprising and discouraging, to say the least. I see women with these issues every day in my clinic. My patients complain that it has been hard for them to find a doctor who is knowledgeable about the female sexual response—how it can vary with hormones and from person to person, and how it can change dramatically over the course of a woman’s life. To this day, most medical schools don’t teach a required course in female sexual response.

			Even gynecologists, who specialize in body parts below the waist, have few answers for women with sexual problems and often find no physical reasons for their symptoms. As a result, they tend to dismiss these issues as “simply part of getting older”—ignoring the toll they can take on women’s relationships and quality of life. Psychiatrists and couples’ therapists can be equally ill-equipped to offer help. They tend to see the problem as all in the head—the result of stress in the relationship or long-term problems with intimacy. A classic response to these issues has been psychoanalysis—putting a woman on the couch for seven to ten years to get to the roots of her unnatural “frigidity” or psychological “resistance” to sex. This approach is mostly wrongheaded because the reason for these feelings at this stage of life is not a psychological conflict; it is a normal biological and psychological response to hormonal changes.

			One key to restoring female libido is testosterone replacement therapy. Researchers discovered its effectiveness decades ago, but medical science in the United States has largely ignored or forgotten this information. Forty years ago, in the 1970s, doctors at the University of Chicago experimentally gave large amounts of testosterone to female patients suffering from breast cancer. Their thinking was that the hormone would lower the women’s levels of estrogen, which can promote cancer. It didn’t, but the subjects experienced a tremendous increase in their libidos and orgasmic capacity. The same effect was seen in the 1980s by Barbara Sherwin of McGill University. Sherwin replaced testosterone in women who had their ovaries removed. Those who didn’t get the hormone reported steep declines in their libidos; those who did get treatment reported that their sexual interest soon returned.

			Studies are finally beginning to look at therapies for sexual dysfunction in women above the groin, targeting the female brain centers that are linked to pleasure and desire. And the treatment that does work—testosterone replacement—is finally moving into acceptance. In recent years, testosterone supplements have been a wildly popular treatment regimen for men. Only very recently, however, have doctors begun dispensing testosterone gels, patches, and creams for women patients. I’ve been prescribing testosterone replacement for women since 1994, and the results have been mostly positive.

			When women complain of low libido, testosterone replacement therapy often brings their sexual interest back to par. We know that by giving testosterone we can increase a woman’s urge to masturbate and shorten her time to orgasm, but not necessarily increase her desire for partner sex. For some women, testosterone can improve sexual interest dramatically, but the hormone may not be the panacea we once thought for improving sexual interest in all women. Even men are discovering that testosterone or Viagra is not the magic bullet promised by the drug companies. However, there is no question that having a barely measurable or zero level of testosterone in men or women can be a cause of sexual dysfunction. This condition can be treated in both sexes with testosterone therapy. Women who complain of a lack of sexual interest—whether they are premenopausal or postmenopausal—deserve a trial of testosterone just as most doctors would prescribe for a man.

			In addition to its effects on the brain’s sexual center, testosterone promotes mental acuity as well as muscle and bone growth. On the downside, it can contribute to thinning hair, acne, body odor, facial hair growth, and a lower voice. But the effects of testosterone on the brain—increased mental focus, better mood, more energy and sexual interest—are the reasons many men and women who take it say they are willing to assume the downside risks.

		

	
		
			APPENDIX TWO
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			The Female Brain and
 Postpartum Depression

			ONE OUT OF ten female brains will become depressed within the first year after giving birth. For some reason, this 10 percent of women have brains that do not entirely rebalance themselves after the massive hormone changes that follow giving birth. Postpartum psychiatric changes can range from maternity blues to psychosis, but the most common is postpartum depression. Women suffering from this condition are thought to have an increased genetic susceptibility to becoming depressed as a result of hormone changes. Ken Kendler of Virginia Commonwealth University found that there may be genes that alter the risk for depression in a woman’s response to cyclic sex hormones, particularly in the postpartum period. Such genes would affect women’s risk for major depression but would not be active in men because men lack the relevant hormonal changes. These results suggest a role for changes in estrogen and progesterone in precipitating mood symptoms among women with postpartum depression.

			These 10 percent of women seem to get depressed postpartum for multiple reasons. The brain has had its stress-response “brakes” on during pregnancy; suddenly, after birth, they come off again. For 90 percent of women, the brain can return to a normal stress response, but for vulnerable women it is unable to do this. A vulnerable woman’s brain ends up hyperreactive to stress and she makes too much of the stress hormone cortisol. Her startle reflex will be up, she’ll be jumpy, small things will seem like enormous problems. She’ll be hypervigilant over the baby, hyperactive, and unable to get back to sleep after feeding the baby at night. She’ll be walking around day and night jittery, as though her finger is in a light socket even though she is exhausted.

			The well-known predictors of depression after giving birth include a previous depression, depression during pregnancy, lack of proper emotional support, and high stress in the home. Women with postpartum depression were also struggling with their identities in the face of their new roles as mothers. They express feelings of loss of a sense of who they are as individuals. They feel overwhelmed by the responsibility for their child. They are coping with feeling abandoned by their partners and others close to them who aren’t supporting them enough, unreasonable worries that their child will die, and breast-feeding problems. They feel like “bad mothers,” but they never blame their child. Most mothers are reluctant to speak about their feelings and assign their moods to personal weakness rather than illness. They are struggling to keep their equality with their partners and to get the fathers involved in child care.

			The transition to parenthood is often accompanied by depression and stress. It’s a whole new life and reality, so feeling rocked by the experience is understandable. In addition, mothers’ drastic hormone changes have created quantum shifts in their reality several times in less than a year. Women who are vulnerable to depression and stress may have a harder time rebalancing from these shifts. And if you’re having trouble rebalancing, a fussy child and no sleep will only increase your vulnerability to depression. For some women, these feelings of stress don’t peak until up to twelve months postpartum. Furthermore, postpartum depressive symptoms often remain hidden. Women are ashamed because they are expected to be so happy at the birth of their child. So it is important to understand the complexity of postpartum depressive mood as struggling with rebalancing brain hormones, a new identity, breast feeding, sleep, the child, and the partner.

			Some scientists feel that breast feeding may be protective against postpartum depression in certain women. During lactation, mothers exhibit lower neuroendocrine and behavioral responses to several types of stressors, except possibly those representing a threat to the infant. This ability to filter relevant from irrelevant stimuli is viewed as adaptive for the mother-infant dyad, and the inability to filter stressful stimuli can be associated with the development of postpartum depression.

			The good news is that treatment is available, and it is effective. The brain chemicals such as serotonin that help support mood and well-being are running low after giving birth and the postpartum brains in depressed moms have a deficit. Medications and hormones can help return their brains to normal. A consensus among experts in postpartum depression recommends—for women with severe symptoms—antidepressant medication combined with other treatment modalities, such as supportive talk therapy.
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			The Female Brain and
 Sexual Orientation

			HOW DOES SEXUAL orientation get wired in the female brain? There are many variations in the female brain that lead to individual skill sets and behaviors. Our genetic variations and the hormones present in our brains during fetal development are the cornerstone of the female brain. Life experiences then play upon our particular female brain circuits to reenforce individual differences. One variation that appears on a continuum in females is same-sex romantic attraction. This is estimated to occur in five to ten percent of the female population.

			The female brain is only half as likely to be wired for same-sex attraction as is the male brain. Therefore men are twice as likely as women to be gay. Biologically, genetic variations and hormonal exposure in both male and female brains are thought to lead to same-sex attraction, but the origins in women appear to be different than in men. Most brain studies have been done on the difference between gay and straight males, and only recently have studies in females begun to emerge. Sexual orientation in females occurs along more of a continuum than in males, with females reporting more bisexual interests. Psychosocial studies have also shown that gay women have higher self-esteem and quality of life than do gay men. This may be because it is socially easier to be a gay woman than a gay man.

			Sexual orientation does not appear to be a matter of conscious self-labeling but a matter of brain wiring. Several family and twin studies provide clear evidence for a genetic component to both male and female sexual orientation. We know that prenatal exposure to an opposite-sex hormonal environment, like testosterone in a genetically female brain, leads the nervous system and brain circuits to develop along more male-typical lines. This prenatal hormonal environment has enduring effects on behavioral traits like rough-and-tumble play and sexual attraction.

			Core gender identity and sexual orientation were assessed in one study along with recalled childhood gender role behavior in women who were exposed to higher levels of testosterone in utero. They recalled more male-typical play behavior as children than did women not exposed to fetal testosterone. These women also reported more same-sex attraction and were more likely to be gay or bisexual.

			One study examined brain-wiring differences, as indicated by the “startle response” between gay versus straight women. They found that gay women had a lower startle response—in a similar range to most men—indicating brain-wiring differences between straight and gay women. Gay versus straight women showed a less sensitive auditory response—a male-typical pattern. Female brains usually perform better than male brains in tests of verbal fluency. Gay women showed opposite-sex shifts in their verbal fluency scores—scoring in a range intermediate between males and females. Gay women identified as “butch” versus “femme” showed a range of scores intermediate between males and females. And straight women scored better overall in verbal fluency tests than their gay female counterparts. This indicates that these differences in brain circuitry are on a continuum in the female brain. These scientific findings indicate that the wiring of the female brain for sexual orientation occurs during fetal development, following the blueprint of that individual’s genes and sex hormones. The behavioral expression of her brain wiring will then be influenced and shaped by environment and culture.
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			The chapter notes are the result of many years of research, thought, and synthesis of ideas. I have gathered the work of many scientists in various disciplines in order to arrive at this understanding of the female brain. As a result, some notes contain multiple references, reflecting the various sources I used to arrive at the theory expressed in the text.

			Here in the notes section where there are multiple authors of a paper or book, I have listed only the first author and the year of publication. Where more than one reference is used, I have arranged them in chronological order. For the full citation, please see the References section.

			INTRODUCTION: WHAT MAKES US WOMEN

			“…perception, thoughts, feelings, and emotions.”: Nishida 2005; Orzhekhovskaia 2005; Prkachin 2004; see Chapter 6, “Emotion.”

			“…in women compared with men.”: Blehar 2003; Madden 2000; Weissman 1993.

			“…premenstrual brain syndrome.”: Schmidt 1998; see Chapter 2, “Teen Girl Brain.”

			“…25 percent every month.”: Woolley 1996, 2002.

			“…or bite someone’s head off.”: See Chapter 2, “Teen Girl Brain.”

			“…brain sensitivities to stress and conflict.”: Shors 2006.

			“…activated to complete the task.”: Bell 2006; Jordan 2002.

			“…by using different brain circuits.”: Tranel 2005; Jordan 2002.

			“…11 percent more neurons than men.”: Witelson 1995; see also: Knaus 2006; Plante 2006; Wager 2003.

			“…language and observing emotions in others.”: Baron-Cohen 2005; Goldstein 2005; Giedd 1996.

			“…four times on her hottest days.”: See Chapters 4, “Sex,” and 7, “The Mature Female Brain.”

			“…as just two people talking.”: See Chapter 3, “Love and Trust.”

			“…triggers aggression—the amygdala.”: Cahill 2005; Giedd 1996; Witelson 1995.

			“…try anything to defuse conflict.”: Campbell 2005; see Chapter 6, “Emotion.”

			“…stress experienced in the ancient wild.”: See Chapters 2, “Teen Girl Brain,” 3, “Love and Trust,” and 5, “The Mommy Brain.”

			“…endangered by impending catastrophe.”: See Chapters 2, “Teen Girl Brain,” 3, “Love and Trust,” and 5, “The Mommy Brain.”

			“…such as math and science.”: Blinkhorn 2005; Cherney 2005; Haier 2005; Jausovec 2005.

			“…are not plausibly, culturally determined.”: Summers 2005.

			“…scientific capacity is nonexistent.”: Spelke 2005.

			“…for hours of computer time.”: See Chapter 2, “Teen Girl Brain.”

			“…careers because of lack of aptitude.”: Lawrence 2003, 2006; Babcock 2004.

			“…the ability to defuse conflict.”: See Chapter 6, “Emotion.”

			ONE: THE BIRTH OF THE FEMALE BRAIN

			“…hardwired into the animal brain.”: Hines 2002.

			“…both genes and sex hormones.”: Arnold 2004. The tiny testicles in the eight-week-old male fetus begin to pump out huge amounts of testosterone that marinates the brain, changing the female-type brain circuits into male brain circuits. Many months later, by the time of birth, the brain is either a female brain or a male brain.

			“…areas that process emotion.”: See Chapter 6, “Emotion.”

			“…communication than he will.”: Tannen 1990.

			“…baby to do is study faces.”: McClure 2000.

			“…will not increase at all.”: Leeb 2004.

			“…symbiosis with their mothers.”: Silverman 2003.

			“…faster, by one to two years.”: McClure 2000.

			“…they are forbidden to touch.”: Mumme 1996.

			“…and hearing human emotional tones.”: Schirmer 2005, 2004, 2003.

			“…a baby girl’s behavior.”: Baron-Cohen 2005.

			“…their mothers than do boys.”: Weinberg 1999.

			“…face—than male newborns do.”: McClure 2000.

			“…those who look sad or hurt.”: McClure 2000.

			“…twenty-four months long for girls.”: Grumbach 2005 personal communication; Soldin 2005.

			“…brain for reproductive purposes.”: Grumbach 2005.

			“…mother’s nervous system into her own.”: Leckman 2004; Zhang 2006.

			“…a fearful, anxious one.”: Meaney 2005; see Chapter 5, “The Mommy Brain.”

			“…nurturing their mothers are.”: Cameron 2005; Cooke 2005; de Kloet 2005; Fish 2004; Zimmerberg 2004; Kinnunen 2003; Champagne 2001; Meaney 2001; Francis 1999.

			“…females and nonhuman primates.”: Kajantie 2006; Capitanio 2005; Kaiser 2005; Gutteling 2005; Wallen 2005; Huot 2004; Lederman 2004; Ward 2004; Morley-Fletcher 2003.

			“…microcircuitry at the neurological level.”: Leckman 2004; see Chapter 5, “The Mommy Brain.”

			“…were measured in goat kids.”: Roussel 2005.

			“…important in the twenty-first century.”: Campbell 2005.

			“…in preserving harmonious relationships.”: Knickmeyer 2005.

			“…response instead of forging ahead.”: Tannen 1990.

			“…conflict, or displays of status.”: Campbell 2005; Tannen 1990.

			“…they typically don’t use it.”: Tannen 1990.

			“…is part of their makeup.”: Maccoby 1998.

			“…or commands given by girls.”: Maccoby 1998.

			“…more easily socially handicapped.”: Baron-Cohen 2005.

			“…emotional and social sensitivity.”: Baron-Cohen 2005.

			“…more estrogen than boys.”: Grumbach 2005, personal communication.

			“…every culture that’s been studied.”: Maccoby 1987.

			“…they’ll just stop playing.”: Maccoby 1998.

			“…involve any high-spirited boys.”: Maccoby 1998, 2005 personal communication; Fagot 1985; Jacklin 1978.

			“…nurturing or caregiving relationships.”: Maccoby 1998.

			“…of territory, and physical strength.”: Maccoby 1998.

			“…quality of their social relationships.”: Knickmeyer 2005.

			“…their usual interest in infants.”: Wallen 2005.

			“…play than do average females.”: Wallen 1997, 2005; Goy 1988.

			“…males than to those of females.”: Berenbaum 1999.

			“…dressing up in princess costumes.”: Pasterski 2005; Hines 1994, 2004.

			“…traits that are typically female.”: Hines 2003; Berenbaum 1999, 2001.

			“…testosterone that gets into the fetal brain.”: Knickmeyer 2006.

			“…and more neurons to that activity.”: McClure 2000; Fivush 1989; Merzenich 1983.

			“…and less adventurous than boys.”: Golomboch 1994.

			“…people and with our environment.”: Cameron 2005; Iervolino 2005.

			“…susceptibility to environmental influences.”: Iervolino 2005.

			“…child development is inextricably both.”: Iervolino 2005.

			“…boys—but don’t be fooled.”: Archer 2005; Crick 1996.

			“…both sexes have brain circuits for it.”: Campbell 2005.

			“…reflecting their unique brain circuitry.”: Campbell 2005; Archer 2005.

			“…stereotype born out of the contrast with boys.”: Knight 2002; Archer 2005.

			“…the prison system will confirm.”: Campbell 2005.

			TWO: TEEN GIRL BRAIN

			“…and obsesses over her looks.”: Giedd 1996, 2004, 2005 personal communication.

			“…for independence and identity.”: Nelson 2005; Schweinsburg 2005.

			“…nurturing those around them.”: McClure 2000.

			“…well-being during these rocky years.”: Udry 2004; Baumeister 2000.

			“…monthly waves from her ovaries.”: Speroff 2005.

			“…that difference becomes even greater.”: Gaab 2003.

			“…new estrogen and progesterone fuel.”: Goldstein 2005; Giedd 1997.

			“…puberty and into early adulthood.”: Schweinsburg 2005; Luna 2004.

			“…until she passes through menopause.”: Jasnow 2006; Hodes 2005; Shors 2005.

			“…their daily levels of cortisol.”: Morgan 2004; Stroud 2004.

			“…once they have entered puberty.”: Stroud 2004.

			“…stress responsivity in the hippocampus of females.”: Taylor 2006; Young 2006 personal communication; Viau 2004, 2005, 2006 personal communication; Agrati 2005; Putnam 2005; Shors 2006.

			“…creation of protective social networks.”: Taylor 2000, 2006; Kudielka 2005; Klein 2002; Stroud 2002; Bebbington 1996.

			“…She hates relationship conflict.”: Kiecolt-Glaser 1996, 1998.

			“…triggered by social rejection.”: Stroud 2002.

			“…social stress on a weekly basis.”: Morgan 2004; Kirschbaum 1999; Kudielka 1999.

			“…react with increased irritability”: Kudielka 2004, 2005.

			“…to the stress hormone cortisol.”: Stephen 2006; Cooke 2005; Mowlavi 2005; Morgan 2004; Rose 2004; Roca 2003; Berkley 2002; Young 1995, 2002; Cyranowski 2000; Kirschbaum 1999; Altemus 1997; Keller-Wood 1988.

			“…for talking, flirting, and socializing.”: Matthews 2005; Salonia 2005; Uvnäs-Moberg 2005; Cameron 2004; Ferguson 2001; Giedd 1999; Paus 1999; Turner 1999; Gangestad 1998; De Wied 1997; Slob 1996; Alexander 1990; Cohen 1987.

			“…vocabularies than do boys.”: Hyde 1988.

			“…in a social setting.”: Tannen 1990.

			“…weeks without vocalizing at all.”: Wallen 2005.

			“…and downs and stresses of life.”: Rose 2006; Maccoby 1998; Dunbar 1996.

			“…increases dopamine and oxytocin production in girls.”: Forger 2004, 2006; Dluzen 2005; Walker 2000.

			“…is triggered by intimacy.”: Uvnäs-Moberg 2005; Turner 1999; Whitcher 1979.

			“…reinforcement for social bonding.”: Depue 2005; Johns 2004; Jones 2004; Motzer 2004; Heinrichs 2003; Martel 1993.

			“…her urge for intimacy is also peaking.”: Uvnäs-Moberg 2005.

			“…involves sports or sexual pursuit.”: Pennebaker 2004; Rowe 2004; Sanchez-Martin 2000.

			“…especially true in the teenage female brain.”: Jasnow 2006; Bertolino 2005; Hamann 2005; Huber 2005; Pezawas 2005; Sabatinelli 2005; Viau 2005; Wilson 2005; Phelps 2004.

			“…rejection than does the male brain.”: Ochsner 2004; Levesque 2003; Zubieta 2003.

			“…a positive boost from it.”: Maccoby 1998.

			“…her friend will be their last.”: Kiecolt-Glaser 1996, 1998.

			“…hormone cortisol takes over.”: Kudielka 2005; Stroud 2002, 2004; Klein 2002; Bebbington 1996.

			“…intimate relationships with others.”: Mackie 2000; Josephs 1992.

			“…formation of cliques and clubs.”: Jasnow 2006; Rose 2006.

			“…described by W. B. Cannon in 1932.”: Cannon 1932.

			“…male response to threat and stress.”: Taylor 2006, 2000.

			“…the demands of an imminent threat.”: Sapolsky 1986, 2000.

			“…brain areas for physical action.”: Campbell 2005; O’Connor 2004; Collaer 1995; Olweus 1988; Hyde 1984.

			“…once they’ve formed maternal bonds.”: Keverne 1999; Mendoza 1999.

			“…networks that may aid in this process.”: Taylor 2000.

			“…him away with threatening cries.”: Dunbar 1996.

			“…maternal behavior for younger females.”: Silk 2000; Wrangham 1980.

			“…success at passing on their genes.”: Silk 2003.

			“…clock cells in the suprachiasmatic nucleus.”: Toussan 2004.

			“…brain cells that control breathing.”: Behan 2005.

			“…and more sleeping time overall.”: Roenneberg 2004.

			“…of all their brain circuits.”: Campbell 2005.

			“…that will last until after menopause.”: Roenneberg 2004.

			“…think more quickly and more agilely.”: Monnet 2006; Routtenberg 2005; Uysal 2005.

			“…progesterone in the last two weeks.”: Kuhlmann 2005; Routtenberg 2005; Sa 2005; Cameron 1997, 2004; Weissman 2002; Woolley 1996.

			“…momentarily upset, stressed, and irritable.”: Kajantie 2006; Goldstein 2005; Protopopescu 2005; Kirschbaum 1999; Tersman 1991.

			“…right before their periods begin.”: Birzniece 2006; Kuhlmann 2005; Rubinow 1995.

			“…week two—of their cycles.”: Birzniece 2006; Sherwin 1994; Phillips 1992.

			“…spectrum of discomfort as a seizure.”: Smith 2004.

			“…before the onset of bleeding.”: Altemus 2006; Mellon 2004, 2006; Schmidt 1998.

			“…maximal hormone withdrawal.”: Jovanovic 2004; Toufexis 2004.

			“…extremely edgy and easily upset.”: Parry 2002.

			“…have fewer serotonin brain cells.”: Bethea 2005; Zhang 2005; Cameron 2000; Williams 1997.

			“…crying and rage can plague them.”: Bennett 2005; Lu 2002; Cyranowski 2000; Young 1995. (Drugs such as Prozac, Zoloft, and other antidepressants lift the brain’s mood chemicals, including serotonin.)

			“…and from week to week.”: Goldstein 2005; Protopopescu 2005; Arnsten 2004; Korol 2004; Bowman 2002.

			“…premenstrual dysphoric disorder (PMDD).”: Klatzkin 2006.

			“…calming right before the period starts.”: Smith 2004; Silberstein 2000.

			“…and progesterone during the cycle.”: Roca 1998, 2003; Schmidt 1998.

			“…removing the ovaries surgically.”: Parry 2002.

			“…that were upsetting her brain.”: Joffe 2006 personal communication; Kirschbaum 1999.

			“…her serotonin levels stabilized.”: Kurshan 2006; Griffin 1999; Kirschbaum 1999; Tuiten 1995.

			“…mood and sense of well-being.”: Freeman 2004; Luisi 2003.

			“…highly responsive at puberty.”: Arnsten 2004; Smith 2004; Toufexis 2004.

			“…thin and immature.”: Giedd 2005 personal communication.

			“…often becomes overwhelmed.”: See Chapter 6, “Emotion.”

			“…function reliably under stress.”: Giedd 2005.

			“…impulsive time for many girls.”: Arnsten 2004; Young 2004.

			“…event feel like a catastrophe.”: Arnsten 2004.

			“…amygdala can prove difficult.”: Arnsten 2004.

			“…when they’re under stress.”: Genazzani 2005; Dobson 2003.

			“…ratio for depression doubles.”: Staley 2006; Weissman 1993, 2000, 2005; Blehar 2003; Mazure 2003; Maciejewski 2001; Kendler 2000.

			“…to suffer from depression.”: Weissman 1999, 2002; Hayward 2002; Born 2002.

			“…role in female depression.”: Muller 2002.

			“…higher risk for clinical depression.”: Zubenko 2002.

			“…pivotal—among teenage girls.”: Archer 2005; Fry 1992; Burbank 1987.

			“…that among teen boys.”: Campbell 2005, 1995.

			“…rumors to undermine a rival.”: Holmstrom 1992; Eagly 1986.

			“…and females are androgens.”: Carter 2003.

			“…and twenty-one in males.”: Vermeulen 1995.

			“…have sexual intercourse earlier.”: Netherton 2004; Halpern 1997.

			“…over boys and other girls.”: Dreher 2005; Pinna 2005; Weiner 2004; Bond 2001; Udry 1977.

			“…levels in women and teens.”: Underwood 2003.

			“…estrogen, testosterone, and androstenedione.”: Cashdan 1995, Schultheiss 2003.

			THREE: LOVE AND TRUST

			“…brains’ love-drive by evolution.”: Rhodes 2005, 2006; Brown 2005.

			“…hormone that stokes sexual desire.”: Fisher 2005; see Chapter 4, “Sex.”

			“…try to hook up with her.”: Emanuele 2006.

			“…help our offspring survive.”: Buss 1993.

			“…as neurological love circuits.”: Esch 2005.

			“…engineering of the human mind.”: Fisher 2005; Aron 2005.

			“…evolutionary psychologist David Buss.”: Buss 1990.

			“…a savvy investment strategy.”: Trivers 1972.

			“…triples children’s survival rate.”: Hill 1988.

			“…shelter, and other resources.”: Carter 2004; Reno 2003.

			“…loved and worshiped her back.”: Botwin 1997.

			“…curvy, hourglass figures.”: Schutzwohl 2006; Singh 1993, 2002.

			“…females to have sex with.”: Schmitt 1996.

			“…visual clues to their fertility.”: Singh 2002.

			“…narrower than their hips.”: Singh 2002.

			“…in size to their hips.”: Singh 1993.

			“…pregnancy radically alters her silhouette.”: Singh 1993.

			“…still turned on full force.”: Carter 1998; see Chapter 6, “Emotion.”

			“…when looking for a mate.”: Haselton 2005.

			“…trustworthy than they really are.”: Buss 1995; Tooke 1991.

			“…to agree to have sex.”: Haselton 2005.

			“…play earlier than boys.”: Maccoby 1998.

			“…eye gaze, and facial expressions.”: See Chapter 6, “Emotion.”

			“…sexual behavior as is the male.”: Carter 1997; Kanin 1970.

			“…and months of a relationship.”: Hrdy 1997.

			“…high-level visual processing areas.”: Aron 2005; Brown 2005; Brown 2005 personal communication; see Chapter 6, “Emotion.”

			“…‘at first sight’ more easily than women.”: Aron 2005; Fisher 2005 personal communication; Fisher 2004.

			“…on the test of passionate love.”: Fisher 2005.

			“…intoxication, thirst, and hunger.”: Aron 2005; Small 2001; Denton 1999.

			“…estrogen, oxytocin, and testosterone.”: Aron 2005.

			“…craving the next fix.”: Insel 2004.

			“…are running full blast.”: Pittman 2005; Debiec 2005; Huber 2005; Kirsch 2005; Bartels 2004.

			“…become addicted to love.”: Insel 2003.

			“…tendency to trust the hugger.”: Light 2005; Grewen 2005; Lim 2005.

			“…sexual behavior, especially in females.”: Young 2005; Cushing 2000; Gingrich 2000; Carter 1997.

			“…got a placebo nasal spray.”: Kosfeld 2005; Zak 2005.

			“…the brain’s trust-circuits.”: Light 2005.

			“…oxytocin in the female brain.”: Uvnäs-Moberg 2003; Turner 1999.

			“…out of their brain chemicals.”: Dreher 2005.

			“…caution and aversion circuits.”: Carter 1998.

			“…loving and trusting others.”: Carter 2003, 2006 personal communication.

			“…harder to achieve and sustain.”: Bowlby 1980, 1988.

			“…by additional neurological circuits.”: Leckman 1999.

			“…critical judgment, lit up.”: Bartels 2000.

			“…pituitary and the hypothalamus.”: Insel 2004.

			“…primarily oxytocin and estrogen.”: Bielsky 2004; Carter 2003.

			“…need both these neurohormones.”: Leckman 1999.

			“…when she isn’t present.”: Lim 2004.

			“…woman to release oxytocin.”: Fisher 2004.

			“…form lifelong mating partnerships.”: Carter 1992.

			“…Swedish researcher Kerstin Uvnäs-Moberg.”: Uvnäs-Moberg 2001, 2004.

			“…pleasure, comfort, and calm.”: Taylor 2006; Depue 2005; Uvnäs-Moberg 2003.

			“…differences between males and females.”: Carter 1995.

			“…available female he finds.”: Uvnäs-Moberg 2003.

			“…desire when under stress.”: DeVries 1996.

			“…that montane voles lack.”: Young 2001.

			“…may account for this variability.”: Gray 2004.

			“…stay-at-home dads.”: Young 2005.

			“…fertile, and flirtatious female.”: Hammock 2005.

			“…match their social behaviors.”: Hammock 2005.

			“…have the long version of the gene.”: de Waal 2005.

			“…of profound social deficit.”: Wassink 2004.

			“…this gene and in hormones.”: Gray 2004.

			“…know women cheat, too.”: see Chapter 4, “Sex.”

			“…of both men and women.”: Sabarra 2006; Aron 2005.

			“…about losing the beloved.”: Eisenberger 2004.

			“…have revealed their accuracy.”: Eisenberger 2004.

			“…dangers of social separation.”: Eisenberger 2004.

			FOUR: SEX: THE BRAIN BELOW THE BELT

			“…brain—has been deactivated.”: Holstege 2003.

			“…typical man to reach orgasm.”: Carter 2006 personal communication.

			“…dopamine, oxytocin, and endorphins.”: Matthews 2005; McCarthy 1996; Carter 1992.

			“…threshold of orgasm easily.”: Holstege 2003.

			“…felt like engaging in sex.”: Holstege 2003.

			“…likely to have easy orgasms.”: Hill 2002.

			“…with a new person.”: Sprecher 2002.

			“…clitoris when it’s aroused.”: O’Connell 2005.

			“…description of the penis.”: O’Connell 2005.

			“…sexual satisfaction for women.”: Enserink 2005; Harris 2004.

			“…allowed to fertilize her eggs.”: Eberhard 1996; Bellis 1990.

			“…brains choose a winner.”: Colson 2006; Birkhead 1998.

			“…had pulled off his condom.”: Singer 1973; Fox 1970.

			“…not have an orgasm.”: Dawood 2005.

			“…parts are more symmetrical.”: Thornhill 1999.

			“…the quality of his genes.”: Fisher 2005 personal communication; Fisher 2004.

			“…sexually active heterosexual couples.”: Thornhill 1995.

			“…the women they date.”: Thornhill 1995.

			“…the use of contraception.”: Martin-Loeches 2003; Thornhill 1995.

			“…female orgasm during copulation.”: Thornhill 1995.

			“…right time of the month.”: Gangestad 1998.

			“…imperceptible effects of male pheromones.”: Savic 2001; Grammer 1993; Getchell 1991.

			“…skin and sweat glands.”: McClintock 1998, 2005.

			“…leads up to ovulation.”: Getchell 1991; Gangestad 1998.

			“…hour of the menstrual cycle.”: Dreher 2005; Gangestad 1998.

			“…their mental focus sharpens.”: Lundstrom 2003; McClintock 2002; Savic 2001; Graham 2000.

			“…certain times of the month.”: Hummel 2005; Grammer 1993.

			“…pheromones and the female brain.”: Havlicek 2005.

			“…and living with their mothers.”: Arnqvist 2005.

			“…feel certain they fathered.”: Baker 1993.

			“…confer a reproductive advantage.”: Hrdy, 1997.

			“…sperm will make it to the egg.”: Baker 1993.

			“…flirtatious time of the month.”: Pillsworth 2004; Buss 2002.

			“…with their stable partners.”: Thornhill 1995.

			“…semen from their secret lovers.”: Baker 1995.

			“…monogamy than men are.”: Hrdy 1997.

			“…ovaries and adrenal glands.”: Swerdloff 2002.

			“…to ‘turn on’ the brain.”: Swerdloff 2002.

			“…equivalent of sexual sassiness.”: Jenkins 2003.

			“…thoughts and more masturbation.”: Bancroft 1991.

			“…predictor of first intercourse.”: Wells 2005; Halpern 1997.

			“…ages nine and fifteen.”: Styne 2002.

			“…will persist through life.”: Morris 1987.

			“…lose sexual interest altogether.”: See Appendix 1, “The Female Brain and Hormone Therapy.”

			“…her with testosterone therapy.”: See Appendix 1, “The Female Brain and Hormone Therapy.”

			“…testosterone in a woman’s system.”: Pazol 2005; Krueger 2002; Schumacher 2002; Mani 2002.

			“…weeks of their menstrual cycle.”: Panzer 2006; Salonia 2005; Bullivant 2004; Slob 1996.

			“…structures in the female brain.”: see Chapter 1, “The Birth of the Female Brain.”

			“…their most fertile days.”: Bancroft 2005; Laumann 1999, 2005; Lunde 1991.

			“…hypothalamus to grow larger.”: see Chapter 1, “The Birth of the Female Brain.”

			“…sex even more than usual.”: Buss 1989.

			“…or perhaps another man.”: Sprecher 2002; Buss 2002.

			“…falling out of love with him.”: Koch 2005.

			“…search for the other man.”: Rilling 2004.

			FIVE: THE MOMMY BRAIN

			“…and, in many ways, irreversibly.”: Lonstein 2005; O’Day 2001; Morgan 1992.

			“…physical contact with my child.”: Soldin 2005; Stern 1989, 1993; Morgan 1992.

			“…ensure their own survival.”: Martel 1993; Buntin 1984.

			“…closeness with her child.”: Johns 2004; Fleming 1997; De Wied 1997.

			“…daily contact with an infant.”: Lambert 2005.

			“…huge increases of oxytocin.”: Fries 2005; Carter 2003; Kinsley 1999; Morgan 1992.

			“…responses and priorities in life.”: Pawluski 2006; Gatewood 2005; Bodensteiner 2006; Routtenberg 2005.

			“…thing from her mind.”: Story 2005.

			“…that induces baby lust.”: McClintock 2002.

			“…her fetus and placenta.”: Soldin 2005.

			“…brain are flooded with them.”: Kaiser 2005; Brunton 2005; Strauss 2004.

			“…feeling of stress during pregnancy.”: Kajantie 2006.

			“…of her changing reality during pregnancy.”: Richardson 2006; Darnaudery 2004.

			“…woman’s brain is actually shrinking.”: Oatridge 2002.

			“…months after giving birth.”: Furuta 2005.

			“…flexibility of female brains.”: Kinsley 2006; Hamilton 1977.

			“…metabolic changes going on.”: Holdcroft 2005.

			“…networks of maternal circuits.”: Pawluski 2006.

			“…uterus to start contracting.”: Mann 2005.

			“…touch, sight, and smell.”: Insel 2001.

			“…odor of her newborn.”: Kendrick 1992.

			“…about 90 percent accuracy.”: Fleming 1997; Fleming 1993.

			“…tattooed on her brain.”: Lonstein 2005; Pedersen 2003; Kendrick 2000.

			“…and tracking her baby.”: Li 2003.

			“…efficient in catching prey.”: Bodensteiner 2006; Lambert 2005.

			“…maintain the mommy brain.”: Bridges 2005; Featherstone 2000; Morgan 1992.

			“…of their pregnant mates.”: Carter 2004; Berg 2002; Storey 2000.

			“…pregnancy with their partners.”: Masoni 1994.

			“…nurturing and lactation hormone.”: Fleming 2002.

			“…climbs higher than usual.”: Gray 2004.

			“…cries of babies better.”: Fleming 2002.

			“…when a baby screams.”: Seifritz 2003.

			“…sex drive during this time.”: Gray 2004.

			“…interact with their babies.”: Storey 2000; Masoni 1994.

			“…mechanisms of the mommy brain.”: Sherman 2003; Neff 2003; Buchan 2003.

			“…in response to both photos.”: Bartels 2004.

			“…of exhilaration and attachement.”: Amdam 2006; Fisher 2005; Bartels 2004; Leibenluft 2004; Nitschke 2004; see Chapter 3, “Love and Trust.”

			“…looking at a loved one.”: Bartels 2004.

			“…brain by estrogen and oxytocin.”: Miller 2005; Byrnes 2002.

			“…the first year postpartum.)”: Mass 1998.

			“…baby is close physically.”: Uvnäs-Moberg 2003; Carter 1997; Xerri 1994; Morgan 1992.

			“…of cocaine every time.”: Ferris 2005.

			“…feelings for your baby.”: Uvnäs-Moberg 1998, 2003.

			“…desire for her partner.”: DeJudicibus 2002; Alder 1989; Reamy 1987.

			“…mellow, mildly unfocused state.”: Heinrichs 2002, 2001; Buckwalter 1999.

			“…at six months postpartum.”: See Appendix 2, “The Female Brain and Postpartum Depression.”

			“…the benefits of nursing.”: Matthiesen 2001.

			“…relaxing waves of hormone.”: Buhimschi 2004.

			“…even waves of panic.”: Neighbors 2003; Uvnäs-Moberg 2003; Chezem 1997.

			“…brain levels of oxytocin.”: Heinrichs 2001.

			“…the bloodstream and brain.”: Uvnäs-Moberg 2003.

			“…circuits of their children.”: Call 1998.

			“…their daughters and granddaughters.”: Maestripieri 2005; Fleming 2002; Meaney 2001; Francis 1999.

			“…genes—type of inheritance.”: Vassena 2005; Weaver 2004; Fleming 1999.

			“…use estrogen and oxytocin.”: Cushing 2005; Weaver 2005; Vassena 2005; Cameron 2005; Champagne 2001, 2003; Meaney 2001.

			“…environment happens before puberty.”: Weaver 2006, 2005; Cameron 2005; Francis 2002.

			“…she mothers your grandchildren.”: Young 2005.

			“…in the succeeding generation.”: Gutteling 2005; Belsky 2005; Krpan 2005; Maestripieri 2005; Caldji 2000; Francis 1999.

			“…able to give their kids.”: Cameron 2005; Belsky 2002; Repetti 1997; Rosenblum 1994.

			“…of their own children.”: Francis 2002.

			“…and fearful as adults.”: Charmandari 2005; Lederman 2004; Darnaudery 2004; Morley-Fletcher 2004; Fleming 2002; McCormick 1999.

			“…stress on PET scans.”: Pruessner 2004; Hall 2004.

			“…from an overstressed mother.”: Weaver 2006, 2005; Francis 2002.

			“…other communities or species.”: Hrdy 1999.

			“…female siblings for care.”: Glazer 1992.

			“…peers in the other environments.”: Coplan 2005.

			“…into adolescence and adulthood.”: Coplan 2005.

			“…allomaternal care from others.”: Hrdy 2005 personal communication.

			“…context in which she mothers.”: Paris 2002.

			“…success as a mother.”: Taylor 1997; Fleming 1992.

			SIX: EMOTION: THE FEELING BRAIN

			“…emotionally sensitive than men?”: Butler 2005; Wager 2005; Simon 2004; Brebner 2003; Kring 1998, 2000; Brody 1993, 1997; Briton 1995; Grossman 1993; Crawford 1992; Fagot 1989; Brody 1985; Balswick 1977; Allen 1976.

			“…hit him on the head?”: Samter 2002; Feingold 1994.

			“…in the human male brain.”: Orzhekhovskaia 2005; Uddin 2005; Oberman 2005 and 2005 personal communication; Ohnishi 2004.

			“…and emotions were hers.”: Mitchell 2005.

			“…sense of this mismatch.”: Schirmer 2002, 2004, 2005.

			“…innermost feelings of others.”: Brody 1985.

			“…of despair and distress.”: Hall 2004.

			“…that men can’t ignore.”: Campbell 1993, 2005; Levenson 2003; Vingerhoets 2000; Timmers 1998; Wagner 1993; Hoover-Dempsey 1986; Frey 1985.

			“…infidelity at a gut level.”: Naliboff 2003.

			“…puberty, they increase.”: Leresche 2005.

			“…pain more than boys do.”: Lawal 2005; Derbyshire 2002.

			“…register in the body.”: Lawal 2005.

			“…to brain scan studies.”: Butler 2005.

			“…is grounded in biology.”: Levenson 2003.

			“…integrating negative emotions.”: Butler 2005; Pujol 2002.

			“…was going on in his brain.”: Rotter 1988.

			“…voice for emotional nuance.”: Campbell 2005; Rosip 2004; Weinberg 1999.

			“…junctures in the therapy.”: Raingruber 2001.

			“…story might be feeling.”: McClure 2000; Hall 1978, 1984.

			“…intuiting what they are feeling.”: Oberman 2005.

			“…kind of emotional mirroring.”: Singer 2004.

			“…the pain of another person.”: Singer 2004; Idiaka 2001; Zahn-Waxler 2000.

			“…were being strongly shocked.”: Singer 2006; Singer 2004.

			“…and protect their children.”: Taylor 2000; Campbell 1999; Bjorklund 1996; Archer 1996; Buss 1995.

			“…to lose sleep than men.”: Harrison 1999.

			“…electrical conductivity in the skin.”: McManis 2001; Bradley 2001; Nagy 2001; Madden 2000; Hall 2000.

			“…and more rational thought.”: Naliboff 2003; Wrase 2003.

			“…discomfort—to a man.”: Campbell 1993, 2005; Shoan-Golan 2004; Levenson 2003; Frey 1985.

			“…interpret emotional meaning.”: McClure 2004; Lynam 2004; Dahlen 2004; Hall 2000.

			“…characteristic of Asperger’s disorder.”: Campbell 2005; Lim 2005; Baron-Cohen 2002, 2004; Wang 2004; Nagy 2001; Moffitt 2001; Loeber 2001.

			“…for them to tolerate.”: Campbell 1993, 2005; Levenson 2003; Frey 1985.

			“…faces—than do boys.”: McClure 2000.

			“…look sad or are hurt.”: Baron-Cohen 2004; Blair 1999; Eisenberg 1993, 1996; Faber 1994; Kochanska 1994; Zahn-Waxler 1992; Eysenck 1978.

			“…90 percent of the time.”: Erwin 1992.

			“…being close to someone sad.”: Mandal 1985.

			“…want to do the same.”: Cross 1997.

			“…remember these early days.”: Canli 2002.

			“…brains of the two sexes.”: Cahill 2003.

			“…men use just one side.”: Wager 2003.

			“…only two lit up in men.”: Canli 2002; Shirao 2005.

			“…them longer than men.”: Cahill 2003, 2005; Canli 2002; Bremner 2001; Seidlitz 1998; Fujita 1991.

			“…not she looked sexy.”: Horgan 2004.

			“…deep within the brain.”: Zald 2003; Skuse 2003.

			“…activated by emotional nuance.”: Hamann 2005; Hall 2004.

			“…storage about the experience.”: Phelps 2004.

			“…three-dimensional, sensory snapshot.”: Phelps 2004; Giedd 1996.

			“…quickly as a woman can.”: Goos 2002.

			“…is clearly greater in men.”: Campbell 2005; Lovell-Badge 2005; Archer 2004, 2005; Craig 2004; McGinnis 2004; Rowe 2004; Garstein 2003; Ferguson 2000; Kring 2000; Maccoby 1998; Flannery 1993.

			“…relatively larger in women.”: Goldstein 2001, 2005; Gur 2002; Giedd 1996, 1997.

			“…push a man’s anger button.”: Campbell 2005; Sharkin 1993.

			“…have short anger fuses.”: Silverman 2003.

			“…response is suddenly quicker.”: Van Honk 2001.

			“…don’t get angry as fast.”: Giammanco 2005; Kaufman 2005; Muller 2005; Taylor 2000; Qian 2000.

			“…conflict arise in a relationship.”: Parsey 2002; Ferguson 2000; Biver 1996; Campbell 1993; Frodi 1977.

			“…the anterior cingulate cortex.”: Rogers 2004; Gur 2002; Goldstein 2001.

			“…the fear of loss or pain.”: Butler 2005.

			“…a trigger-tempered male.”: Campbell 2002, 2005.

			“…access to the coveted toy.”: Maccoby 1998.

			“…anticipation and verbal circuits.”: Li 2005.

			“…angry at a third person.”: Simon 2004.

			“…that a man can’t match.”: Li 2005.

			“…frightened and shuts down.”: Calder 2001; Thunberg 2000.

			“…particular experiences in life.”: Butler 2005; Mcclure 2004; Wood 1998.

			“…anticipation of fear or pain.”: Butler 2005; Garstein 2003; Cote 2002; Nagy 2001; Brody 1985; Carey 1978.

			“…pleasure/reward circuits fire.”: Etkin 2006 personal communication; Rogan 2005.

			“…of danger or pain.”: Butler 2005.

			“…more common in women.”: Antonijevic 2006; Halbreich 2006; Simon 2004; Johnston 1991.

			“…through their reproductive years.”: Madden 2000.

			“…women’s risk of depression.”: Kendler 2006.

			“…turned on by estrogen.”: Lee 2005; Abraham 2005.

			“…run in certain families.”: Altshuler 2005.

			“…threats and severe stress.”: Staley 2006; Pezawas 2005; Bertolino 2005; Halari 2005; Kaufman 2004; Barr 2004; Caspi 2003; Auger 2001.

			“…into a clinical depression.”: Bertolino 2005.

			“…chemical or hormonal rebalancing.”: Staley 2006; Altshuler 2001; Jensvold 1996.

			SEVEN: THE MATURE FEMALE BRAIN

			“…certain times of the month.”: Protopopescu 2005; Morgan 2004.

			“…flood her so quickly anymore.”: Labouvie-Vief 2003.

			“…oxytocin is down, too.”: Yamamoto 2006; Taylor 2006; Light 2005; Matthews 2005; Morgan 2004.

			“…attentive to others’ personal needs.”: Light 2005; Tang 2005.

			“…help those around her.”: Light 2005.

			“…who we ought to be.”: Winfrey 2005.

			“…tending hormone—also dropped.”: Yamamoto 2006; Light 2005; Motzer 2004; Tang 2003.

			“…her newly found balance.”: Protopopescu 2005; Motzer 2004; Morgan 2004; Labouvie-Vief 2003.

			“…functioning of their brains.”: Kirsch 2005; Tang 2005; Windle 2004.

			“…pain to anxiety and depression.”: Soares 2000, 2001, 2003, 2004, 2005; Schmidt 2004.

			“…sensitivity in the brain itself.”: Weiss 2004.

			“…rocket fuel for sex drive.”: Burger 2002.

			“…a rocky ride for some women.”: See Appendix 1, “The Female Brain and Hormone Therapy.”

			“…experience estrogen withdrawal.”: Lobo 2000.

			“…cravings for sweets and carbs.”: Ratka 2005; Joffe 1998, 2002, 2003.

			“…PMS and postpartum hypothyroidism.”: Duval 1999.

			“…already passed through menopause.”: Guthrie 2003; see Appendix 1, “The Female Brain and Hormone Therapy.”

			“…plummet at this time too.”: Burger 2002; see Appendix 1, “The Female Brain and Hormone Therapy.”

			“…more extreme than most.”: Davison 2005.

			“…it was barely present.”: Davis 2005.

			“…slapped it on that very day.”: Braunstein 2005; Bolour 2005; Goldstat 2003; Shifren 2000.

			“…less frequent and intense.”: Laumann 1999, 2005; see Chapter 4, “Sex,” and Appendix 1, “The Female Brain and Hormone Therapy.”

			“…had at age twenty.”: Davison 2005.

			“…gels—that are now available.”: Wang 2004; Shifren 2000.

			“…or their sexual interest.”: Davis 2005.

			“…are now set free.”: Taylor 2006.

			“…pups died as a result.”: Stern 1989, 1993; Morgan 1992; Xerri 1994.

			“…is important to them.”: Shellenbarger 2005.

			“…she was really mad.”: Helson 1992.

			“…more like a man’s.”: Lobo 2000.

			“…interaction of their relationship.”: Swaab 1995, 2001; Kruijver 2001; Fernandez-Guasti 2000.

			“…during the menopause years.”: Kiecolt-Glasser 2005; Mackey 2001; Robinson 2001.

			“…rules of their relationship.”: Sbarra 2006; Kruijver 2001.

			“…fifty are initiated by women.”: U.S. Human Resources Services Administration 2002.

			“…in arguing with Robert.”: Seeman 2001; Gust 2000; Burleson 1998.

			“…nurturing instincts had returned.”: Taylor 2006; Miller 2002.

			“…stress response is kept low.”: Kajantie 2006; Morgan 2004.

			“…or had her children.”: Helson 2005.

			“…higher than did other women.”: Helson 2001, 2005; Roberts 2002.

			“…own work and activities.”: Kiecolt-Glaser 1996, 1998.

			“…on estrogen soon shrivel.”: Taylor 2006; McEwen 2001, 2005.

			“…soon after the operation.”: Sherwin 2005.

			“…stroke than men their age.”: Stirone 2005.

			“…typical of much older women.”: Shaywitz 2003.

			“…skills, and emotional processing.”: Erickson 2005.

			“…effects on the brain.”: Rossouw 2002.

			“…vessels is likely gone.”: Saenz 2005; Tessitore 2005; Clarkson 2005; Brownley 2004.

			“…protect brain function as well.”: Sherwin 2005.

			“…specialists in hormone therapy.”: Hickey 2005; Davis 2005; Brizendine 2003.

			“…cortex sooner than women.”: Kochunov 2005; Sullivan 2004; Li 2005.

			“…no longer bear children.”: Finch 2002.

			“…in ancient human populations.”: Hawkes 1998, 2004.

			“…their chances of survival.”: Hawkes 2003.

			“…in India and Africa.”: Beise 2002.

			“…presence of a father.”: Hawkes 2003.

			“…lot of years to imagine.”: Kenyon 2005; Arantes-Oliveira 2003; Murphy 2003; Wise 2003.

			APPENDIX ONE: THE FEMALE BRAIN AND HORMONE THERAPY

			“…middle have felt betrayed.”: Ekstrom 2005; Hickey 2005.

			“…and off hormone therapy?”: Brownley 2004.

			“…laboratory rodents and primates.”: Wise 2005; Clarkson 2005; Papalexi 2005.

			“…function as we age.”: Hultcrantz 2006; Erickson 2005; Saenz 2005; Murabito 2005; Zemlyak 2005.

			“…for some emotional processing.”: Erickson 2005; Shaywitz 2003.

			“…of WHI and WHIMS.”: Franklin 2006; Erickson 2005; Li 2005; Gulinello 2005; Stirone 2005.

			“…due sometime after 2010.”: Harman 2004, 2005.

			“…related to verbal memory.”: Resnick 2001; Maki 2001.

			“…shrinkage seen with age.”: Raz 2004.

			“…age than women’s brains.”: Kochunov 2005.

			“…area involved in facial recognition.”: Raz 2004; Sullivan 2004.

			“…they outperformed men, too.”: Miller 2002.

			“…women who took HT.”: Erickson 2005; Raz 2004; Miller 2002.

			“…but from other women’s.”: Murabito 2005.

			“…timing of the hormone treatment.”: Rasgon 2005.

			“…estrogen therapy following menopause.”: Sherwin 2005; Rubinow 2005; Wise 2005; Turgeon 2004.

			“…before the day of menopause.”: Burger 2002; Lobo 2000.

			“…less sensitive to estrogen.”: Weiss 2004.

			“…two years before menstruation stops.”: Soares 2004, 2005; Schmidt 2005; Rasgon 2005; Douma 2005.

			“…cells—have become disturbed.”: Bethea 2005.

			“…alone if it is mild.”: Bertschy 2005; Rubinow 2002; Schmidt 2000; Komesaroff 1999.

			“…estrogen and stress sensitivity.”: Kajantie 2006; Morgan 2004; Seeman 2001; Gust 2000; Burleson 1998.

			“…serotonin, norepinephrine, and dopamine.”: Tessitore 2005.

			“…with or without hot flashes.”: Kravitz 2005; Joffe 2002.

			“…you’re over age forty.”: Kravitz 2005.

			“…or more past menopause.”: Guthrie 2005; Joffe 2002; Henderson 2002; Dennerstein 1997, 2000.

			“…first five years after menopause.”: Davis 2005; Erickson 2005; McEwen 2005; Sherwin 2005; Shaywitz 2003; Woolley 2002; Cummings 2002; Halbreich 1995; Craik 1977.

			“…room or even before surgery.”: Sherwin 2005.

			“…makes them feel smart again.”: Korol 2004; Farr 2000.

			“…during the menopausal transition.”: Wright 2004.

			“…scientific rigor that they deserve.”: Naftolin 2005.

			“…should not start HT.”: Clarkson 2005.

			“…estrogen-only therapy whenever possible.”: Lobo 2005; Speroff 2005.

			“…heart, uterus, and vascular system.”: Mendelsohn 2005.

			“…stress reduction, and meditation practice.”: Perez-Martin 2005; Bough 2005; Mogi 2005; Yonezawa 2005; Gulati 2005; Elavsky 2005; Hickey 2005; Davison 2005; Brizendine 2004; Epel 2004.

			“…gels, injectables, or pellets.”: Goldstat 2003.

			“…exercise and relaxation therapies.”: Brizendine 2004.

			“…are the cause of weight gain.”: Bakken 2004.

			“…not help slow it down.”: Morse 2005.

			“…than men their age.”: Stirone 2005.

			“…greater brain cell death.”: Sastre 2002.

			“…women live longer than men.”: Vina 2005.

			“…cables between brain areas.”: Henderson 2002.

			“…slowly or not at all.”: Tanapat 2002.

			“…for developing Alzheimer’s disease.”: Alvarez 2005.

			“…deficient levels of estrogen.”: Yue 2005; Li 2005.

			“…after menopause offers no benefit.”: Woods 2000.

			“…more benefit from social support.”: Kajantie 2006; Epel 2006; Gurung 2003.

			“…exercises, such as playing cards.”: Podewils 2005.

			“…percent of their testosterone.”: Davis 2005; Braunstein 2005; Burger 2002; Shifren 2000.

			“…hormone transition called ‘adrenopause’.”: Nawata 2004.

			“…testes when they were young.”: Vermeulen 1995.

			“…to 70 for women.”: Lobo 2000.

			“…to maintain sexual interest.”: Gray 1991.

			“…very low testosterone levels.”: Guay 2004.

			“…climbs to six in ten.”: Laumann 1999.

			“…patterns all over the world.”: Laumann 2005.

			“…when we were twenty.”: Gray 1991.

			“…had their ovaries removed.”: Laumann 1999, 2005.

			“…creams, or pills may help.”: Warnock 2005.

			“…women should feel entitled.”: see Chapter 4, “Sex.”

			“…the course of a woman’s life.”: Basson 2005.

			“…psychological ‘resistance’ to sex.”: Basson 2005.

			“…sexual interest soon returned.”: Sherwin 1985.

			“…creams for women patients.”: Guay 2002; Bachmann 2002.

			“…sexual interest back to par.”: Sherwin 1985.

			“…her desire for partner sex.”: Apperloo 2003; Davis 1998, 2001.

			“…sexual interest in all women.”: Buster 2005; Davison 2005.

			“…a cause of sexual dysfunction.”: Guay 2004.

			“…both sexes with testosterone therapy.”: Davison 2005; Connell 2005; Guay 2002.

			“…to assume the downside risks.”: Rhoden 2004; Wang 2004; Rossouw 2002.

			APPENDIX TWO: THE FEMALE BRAIN AND POSTPARTUM DEPRESSION

			“…most common is postpartum depression.”: Logsdon 2006; Zonana 2005; Brandes 2004.

			“…the relevant hormonal changes.”: Hasser 2006; Kendler 2006; Boyd 2006.

			“…women with postpartum depression.”: Bloch 2003, 2006.

			“…the stress hormone cortisol.”: Bloch 2005.

			“…high stress in the home.”: O’Hara 1991.

			“…sleep, the child, and the partner.”: Edhborg 2005.

			“…postpartum depression in certain women.”: Uvnäs-Moberg 2003.

			“…development of postpartum depression.”: Walker 2004.

			“…such as supportive talk therapy.”: Magalhaes 2006; Altshuler 2001.

			APPENDIX THREE: THE FEMALE BRAIN AND SEXUAL ORIENTATION

			“…percent of the female population.”: Jorm 2003.

			“…different than in men.”: Rahman 2005.

			“…reporting more bisexual interests.”: Bocklandt 2006; Rahman 2005; Chivers 2004; Sandfort 2003.

			“…woman than a gay man.”: Sandfort 2003.

			“…matter of brain wiring.”: LeVay 1991.

			“…and female sexual orientation.”: Mustanski 2005; Pattatucci 1995; Pillard 1995.

			“…tumble play and sexual attraction.”: Hershberger 2004.

			“…not exposed to fetal testosterone.”: Hines 2004; Manning 2004; see Chapter 1, “The Birth of the Female Brain.”

			“…between straight versus gay women.”: Rahman 2003.

			“…auditory response—a male-typical pattern.”: McFadden 1998, 1999.

			“…intermediate between males and females.”: Muscarella 2004.

			“…their gay female counterparts.”: Rahman 2003.
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