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It matters greatly to the soul in what sort of body it is placed; for there are many conditions of body that sharpen the mind, and many that blunt it. 

—CICERO, The Tusculan Disputations




In regard to bodily size or strength, we do not know whether man is descended from some small species, like the chimpanzee, or from one as powerful as the gorilla; and, therefore, we cannot say whether man has become larger and stronger, or smaller and weaker, than his ancestors. We should, however, bear in mind that an animal possessing great size, strength, and ferocity, and which, like the gorilla, could defend itself from all enemies, would not perhaps have become social; and this would most effectually have checked the acquirement of the higher mental qualities, such as sympathy and the love of his fellows. Hence it might have been an immense advantage to man to have sprung from some comparatively weak creature.

—CHARLES DARWIN, The Descent of Man




The period of growth and development occupies more than a quarter of the average person's lifetime; yet, surprisingly, one searches in vain for a detailed description of the bodily changes in form and function which occur during it.

—JAMES M. TANNER, Growth at Adolescence
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INTRODUCTION

"Squirt"


Anatomy is destiny. 

—SIGMUND FREUD, The Dissolution of the Oedipus Complex



WHEN I WAS ELEVEN YEARS OLD, attending the sixth grade in a small mill town in Massachusetts, the boys would gather in the schoolyard before classes started to play games and work off energy, much as schoolchildren do today. The play sometimes got rough, especially when we engaged in a brutal Darwinian contest of survival sometimes known as British bulldog.

The rules, as best I can recollect, went like this: all but one of the boys lined up at one end of an outdoor basketball court, while the remaining boy stood in the middle of the court. At an agreed-upon signal, the mass of boys dashed toward the opposite end while the lone boy in the middle attempted to grasp, tackle, snag, impede, trip, dragoon, or otherwise wrestle to the ground one of the dozens of boys barreling across the court. Once a boy was tackled, he joined the growing group in the middle attempting to tackle the remaining participants. With each rush from end to end, more and more boys would get tackled and wind up in the middle. When there was no one left to tackle, that round of the game ended. And then it would start all over again—with the first boy tackled in the previous round standing alone in the middle. 

The distilled, stylized aggression of this game resembled a minimalist football game in which there were only fullbacks and linebackers, all colliding and scrapping and plowing through the snow.

In retrospect, I realize that this brute-force exercise crystallized for me the parlous transition from boyhood to manhood. Like many games, it informally codified the cultural insistence on physical aggression (even violence) for boyhood "success." It ritualized, and elevated to mass entertainment, the serial ostracisms of the One, for each round of the game established the lowest-ranking member in the physical (but also, inevitably, social) pecking order. It thrived on the animating tension of isolation and exclusion, singling out one boy for ignominy (and thus inadvertently accentuating the loneliness many boys feel on the cusp of adolescence). And of course this daily rite of passage was built around a mindless set of rules, legislated by children and enforced in the absence of adults. It was also, I hasten to add, a great deal of fun. Boys do like to collide.

But the game always left me feeling chagrined for a completely different reason. The fundamental lesson I learned on the playground, rightly or wrongly, was that size matters.

Children are acutely aware of who among them is "bigger." In earliest childhood, this instinctual grasp of social hierarchy primarily involves age (that is, who's older), not size. But for most of childhood, and especially during puberty and adolescence, this consciousness evolves into self-consciousness, an excruciatingly diligent examination of differences in physical size, pubertal maturation, shape, strength, and appearance. I remember this elementary school gauntlet-of-the-fittest so vividly because in this particular school population, two boys were notably smaller than the rest, and consequently were always the first to be tackled. Indeed, they usually took turns trying to tackle each other when each new game started—a kind of inside game of humiliation and desperation that satisfied the demands of schoolboy aesthetics, which call for entertainment seasoned with cruelty.

One of the boys, Albert Destramps, was much smaller than all the other boys, with almost delicate, doll-like features. He endured the usual razzing, names such as shrimp and shortie, and I confess I probably lent my voice to the chorus of insults a time or two. His size, however, didn't seem to diminish his zest for participation or the stream of acid, often witty insults he habitually spewed. 

To be tackled by Albert on this particular playing field was the height of preadolescent humiliation, and the desperation on the faces of those in danger of being brought down by this diminutive motor mouth remains etched in my memory still. The terrorized boys who found themselves even partially in his clutches had the look of farm animals striving to escape a burning barn, wide-eyed, thrashing, as if they were about to die—of embarrassment. An inability to tackle Albert, conversely, became an empty-handed trophy of failure. Thus are echelons of respect and fear, hierarchies of dominance, and psychological strategies of behavior incorporated into the deepest marrow of boyhood. It's a particularly intense form of emotional education, and each day's lesson was completed before the bell rang for the first class.

It became something of a ritual in this primal exercise that Albert, because he was such an easy target, would always be grabbed, tackled, and smothered at the start of each game (if he wasn't in the middle himself) by the next-smallest boy in the school. That boy was me.

Albert was the only kid I could pick on, the only kid over whom I could exercise even a nanosecond of physical mastery, and so, without regret and indeed almost with relief, that's what I did. I wasn't the only one to pick on him, of course, but I should have known better. Albert and I tormented each other down there on the lower rungs of the pecking order—and believe me, he gave as good as he got. But it was our shared destiny and bad fortune to be physically smaller than the rest of the boys at a time in male development when size becomes a prominent, even dominant, factor in status and self-esteem.

The fact that I so vividly remember the casual humiliations of those frigid Massachusetts mornings after more than four decades attests to the raw power of such childhood encounters. Many male friends to whom I've mentioned my interest in size, including the tall ones, have unburdened themselves of similar tales of size-related tribulations (if not traumas), which suggests that a child's experience of size disparity—and the sense of otherness it cultivates in the developing mind, the feeling of involuntary and unwanted citizenship in a despised land—is enduring, resilient, deep, almost universal. The playground, the lavatory, the cafeteria, the locker room, the hallways: to children during their formative years, and to boys in particular, these are fields of random cruelty, corridors of fear, chambers of dread. They are makeshift arenas of physical confrontation, where incidents we forever remember from our childhood and adolescent years become incorporated, like knots in tree bark, into the adults we will become. Wherever boys play games, as on the playing fields of nature, where predation and aggression have shaped animal behavior for tens of millions of years, sheer size makes a difference. You won't find that fact in many textbooks, but it may be the single most important lesson of unsupervised schoolboy existence. 

The way those feelings of beleaguerment, insecurity, and behavioral adaptation live on in adult psychology has been insightfully captured by the cartoonist Garry Trudeau, the creator of Doonesbury. In a lovely 1996 essay called "My Inner Shrimp," Trudeau admits that "for the rest of my days, I shall be a recovering short person" with "the soul of a shrimp." Trudeau, unlike some of us, benefited from a delayed but explosive growth spurt that propelled his final height to over six feet. But it's the feelings he experienced at age fourteen, when he was the third-smallest kid in his high school class, that still perfuse his adult soul. Trudeau sometimes pondered going to a high school reunion to show off all those postpuberal inches. But the Little Man Inside nixed the idea.

"Adolescent hierarchies," he writes, "have a way of enduring; I'm sure I am still recalled as the Midget I myself have never really left behind."





"STATURE" IS ONE of those beautiful words that has a narrow meaning—in this case referring to physical height—but that easily expands to much larger, even metaphoric, dimensions when it refers to less quantifiable but more important human qualities that we admire, aspire to, and devote so much life energy to attaining. Turning the concept inward, "stature" also refers to how we view ourselves in the mirror as well as in that private chamber of self-identity where we really undress our hopes, fears, vanities, insecurities, and self-appraisals.

If Garrison Keillor's Lake Wobegon is that mythical place where "all the children are above average," I have lived most of my life way south of Wobegon. At any stage of physical development and growth, from infancy to adulthood, in any country on the planet—and we could be talking here about the Netherlands, where the average Dutch citizen is taller than the average height anywhere else on earth, or those parts of equatorial Africa where pygmies still gather and hunt—about half of us are, by definition, below average in height for our particular tribe. That's not to suggest that this half of the population is abnormal. But in a social context that focuses on physical appearance and celebrates physical performance, size is an aspect of our identity on which we are constantly measured throughout life, even though the quantity measured lies almost totally outside our control. In ways subtle and blunt, physical stature affects who we are and who we become: the way people treat us, the activities we pursue, the games we play, the spouses we choose, the respect we command, even the salaries we receive. 

Although many men who were small as children or adolescents reach average or above-average height, the fear of remaining forever below average carves one of the deepest furrows in the otherwise hardscrabble surface of a man's emotional and psychological life. From a parent's point of view, size becomes one of the earliest areas in which we compare, as we all do, our own children against other children. They're all beautiful, of course, but we carry around in our heads our children's percentile positions on the growth chart just as proudly as we carry their photos in our wallets. Their height represents the signature of our genes scribbled, however briefly, on the unfurling scroll of human events. During adolescence, a child's deep emotional frustration about being short can yank parents down into the disturbing world of teenage anguish and pain and remind us of our own limitations as parents. Trudeau recalls the night he fell sobbing into his father's arms: "We both knew," he writes, "it was one problem he couldn't fix." The inability of parents to fix the "problem" of small stature, and the sense of betrayal that helplessness incurs in their offspring, can color, often darkly, the relations between parents and children.

Having lived this experiment, I know the feeling. Of all the childhood terms of endearment I endured—shrimp, runt, peewee, pip-squeak, punk, peanut, bug, mouse, gnat, midget, Mr. Peabody—I had a particular favorite: squirt. It might seem odd to embrace an insult, but I loved the short, explosive burst of energy the word captured. Though intended to diminish me, it was at the same time subversive, irrepressible, and relentless, perhaps even avenging. Nonetheless, all the nicknames were diminutives; on the phylogenetic ladder of adolescence, I was down there with mice and mascots. When I was a high school freshman, my height placed me in what would be the first percentile on today's standard growth chart. I didn't need a chart, however, to be reminded that 99 percent of my male peers were taller than I was. They reminded me every day, with teasing, taunts, and occasionally physical assault. 

Since then I've inched upward to a fairly respectable smaller-than-average adult size. However, physical size was the most consuming emotional issue of my youth, especially during adolescence—more consuming than, but not unrelated to, peer acceptance, dating, bullying, classroom performance, sexual maturation, and almost anything else considered essential to adolescent self-image, not to say self-loathing. And I gather I'm not alone. I've been surprised at how widespread and intense this lingering obsession about developmental size is among perfectly normal, seemingly well-adjusted adults whenever the topic comes up. I think we never entirely outgrow the sensation of being small, of being different, of being physically vulnerable. The emotional impulses we learn, usually as a matter of day-to-day survival in the difficult, formative times of adolescence, are like the reptilian brain, deep inside, surrounded by more civilized tissue but never totally disconnected, just waiting for the right conditions—perhaps a sufficiently stressful situation—to emerge.

The human life cycle relentlessly reinforces the dominant role of physical size in our personal development. I have been in the delivery room when a ruler was first laid against the fat, writhing masses of my newborn children. I've been the last boy picked for sports games. I sent away for my Charles Atlas booklet when I was a scrawny twelve-year-old. As an adolescent with delayed puberty, I stood in front of the mirror searching—even praying—for the first visible hint of sexual maturity. I stood on tiptoes to kiss a high school date. And I grew increasingly impatient with and distrusted of my parents' repeated assurances that I would undergo a growth spurt—which, when it finally arrived, seemed too little and too late. I have spent a lifetime being asked by photographers to sit in the front row—except the photographer at my own wedding, who nonchalantly asked my wife to sit in a chair while I stood behind her, so that the disparity between my height and hers (about three inches) would not be so apparent.

At another level, though, size becomes a visual shorthand for the fundamental difference among us. With the possible exception of gender and skin color, our physical size is probably the first thing other people notice about us, especially if we vary significantly in any direction from the mean, whether short or tall, thick or thin. We are socialized to value cultural factors such as intelligence, creativity, empathy, and perseverance, but the society of children does not always embrace those values—especially when the adults are not looking. Kids are keenly aware of big and small, short and tall, strong and weak. Indeed, these categorizations are among the earliest organizing principles in how children see the world and their place in it. Before we even utter a word, other people think they know something about us. And, in a way, they are right, because size matters. 

It matters from the moment we are born, for size at birth is of great importance. Babies whose birthweights are unusually low are at risk for a lifetime of inferior health. Indeed, provocative recent research suggests that low birthweight predicts serious adult health problems such as diabetes and cardiovascular disease. Size also matters to the parents of an infant, who—whether they admit it or not—thrill or fret, depending on which quartile of the growth chart their child inhabits. Size matters to the presocialized child, whose infantile impulses governing territoriality and aggression precede the civilizing influence of education. Children who are bigger than their peers quickly learn how to get their way. Physical aggression in humans actually peaks between ages two and three, according to one prominent researcher who has recently begun conducting experiments to prevent aggressive behavior, such as bullying, by intervening with pregnant women through counseling before the child is born.

Size matters in sports throughout childhood. As one of those Saturday-morning soccer dads, I've been struck by how physical size often—not always, but often—translates into physical superiority and athletic dominance, and how greater size can trump, or at least neutralize, greater athletic skill in a smaller child. Size matters especially during adolescence and even into adulthood, because it clearly has an impact on social perceptions, romantic interactions, workplace hierarchies, and our self-perception long after we've stopped growing. To hear some researchers tell it, adult stature may determine everything from our earning power to our happiness.


But why does size matter so much? The answer may be obvious, but it took a six-year-old child to make it clear to me. 





DURING A SUMMER vacation in upstate New York a few years ago, I was sitting at the lunch table with my son, Alessandro. It was a hot, humid August afternoon, and as he munched on cheese and blueberries, he threw out an idle but astonishing observation: he said he hoped that he could continue to sleep in, as he had that morning, because that would mean he was growing taller. There is a kernel of truth in this misinformation: bodies tend to grow more at night, during sleep, and one's height can be as much as an inch taller at the moment of awakening than it will be by the end of the day. But I had told him, somewhat mischievously, that the more he slept, the more he would grow. In fact, I had joked the previous day that it seemed as if he was growing an inch or two every night. He had taken all this in and settled on a plan of action.

Parents—at least this parent—should know that even the most innocent throwaway line can become a bone that a child will gnaw on for hours, if not days. "Yeah," Sandro continued, "if I sleep in again tomorrow, I'll probably grow two more inches!" The motivation, it became clear, was to grow taller than his older sister.

"But what happens if you're taller than Micaela?" I asked him. "That doesn't mean you're going to be smarter or..."

"No, but it would be more fun!"

How so?

"You know, you could reach for more stuff?" he replied in that slightly sing-songy interrogative way children sometimes talk. "I could reach for the sky."

What struck me especially was the way this six-year-old groped to articulate the philosophical and psychological advantages of height. From one angle he saw height as a passport to a very practical level of achievement: reaching—presumably for the cookies and chips we deliberately place on the highest shelves of the pantry. But "reach" is a word that embraces both ambition and achievement; having greater height, at least in Sandro's eyes, meant being able to both aspire to more ("reach for") and attain more. And I couldn't ignore the remark about fun. To a growing child, being bigger is always more fun, because larger size suggests that all the discouragements and frustrations of early childhood will dissipate, that with parity in size will come the dissolution of the age and size hierarchies in which children are on the bottom rung. 

The main point, however, is that at the level of emotional education, virtually every developing human being wants to be taller. You could even argue that the desire is an anchoring thread in the weave of human nature. Throughout early childhood, children are confronted with the "unfairness" of small size. Even if tall for their age, they are smaller than many of the other beings in their immediate world. They can't reach things. They can't make the rules. They can't dunk basketballs. They are thwarted in matters significant and trivial by people bigger than they are, from playmates a year or two older to "big kids" to parents. They associate their short stature, however temporary, with constraint, limitation, and frustration. They associate height with a solution to those problems, with dominance, with getting one's way—a desire not to be underestimated in children or in the imperfect adults they become. These raw emotional desires inevitably become tempered by myriad complicating issues of development and growth, but they are there early, they are powerful, and, I believe, they become part of almost everyone's subconscious psychological makeup during childhood. "It's a no-brainer," said David E. Sandberg, a researcher at the University of Buffalo who has studied the psychology of stature for many years. "Everyone wants to be taller. If you're five-ten, you want to be six-two. So when you ask a child 'Do you want to be taller?' they all say 'Yes!'" In the eyes of virtually all children, in other words, tallness is both a universal desire and a philosophical good.

My chat with Sandro unsettled me. I was saddened that my son seemed to have already incorporated into his vault of subconscious biases the lesson that bigger is, if not better, at least more fun and that greater size, however metaphoric or abstract his intent, would allow him greater self-actualization. This is subtle, shifting ground, of course, open to easy generalization. Every child wants to be "bigger." But I suspect that the fervent desire to grow turns effortlessly into a desire to be tall (or taller than average).

And that raises a key distinction to bear in mind when we think about size. Growth is a process; height is the product. Growth is biology; height is a measurement, a marker. Like all measurements, height can be distorted by social values that have nothing to do with science or health. The growth of most children is normal (though very different from one child to the next); when it is abnormal, it demands medical intervention. But height itself is never abnormal, unless small (or, rarely, tall) stature results from some underlying pathology, such as a failure to grow. So while medicine uses height to understand healthy growth, society—and, increasingly, some people in the medical profession—sees in it many of the same values that a six-year-old might: aspiration, self-actualization, happiness. 





GIVEN THIS UNIVERSAL longing to be tall, and given the emotional distress that short stature can cause, it's surprising how relatively little attention we pay to the subject of growth. Not until I began to think in earnest about the issue of stature did I realize that I knew next to nothing about growth, which is, along with birth and death, among the most fundamental of shared human experiences. Size has an impact on every stage of our development, from the time we are in the womb to that agonizing instant when we realize that our bodies, shifting into reverse, have begun to shrink with age. Even subsets of size—penis size for boys, breast size for girls, brain size (increasingly, as we gain new tools to measure it)—become crude, misleading, yet culturally pervasive yardsticks by which we gauge our lot in society, our sense of self, our standards of identity.

Human growth is not the smooth, ascending line suggested by pencil marks etched higher and higher on a door frame. At the moment of birth, the rate of growth—known as growth velocity—will never be higher in all of one's lifetime, and even then the velocity is sharply decelerating. Growth speeds up and slows down; it is different for boys and girls; it is different among boys and among girls; it is even different among social classes, primarily because of variances in nutrition and access to medical care. How could such dramatic differences between siblings, peers, genders, and classes not have profound social and psychological repercussions?

You will notice that I'm talking primarily about boys. I do not mean to minimize the importance of size issues for girls, and in fact I often refer to the psychology related to their growth and development in this book. But I focus primarily on boys, because their growth and size represent phenomena that are significantly different, biologically and psychologically, from those in girls, and also because I am writing in part about, and from, my own personal experience. But girls play more than a walkon role in this story. Just as females exert significant influence in determining male hierarchies in numerous animal species simply by choosing the male with whom they want to mate (sexual selection), girls confer dominance on certain boys in the volatile society of developing adolescents. 

Even restricting the argument mainly to boys, the topic of size and stature quickly enlarges to embrace many developmental experiences, such as physical aggression, body image, and sexual identity. In the emotional inventory of male development, these experiences are big-ticket items. Although they are discussed all the time, they rarely are viewed through the lens of physical size.

Every time I mentioned this project to friends and acquaintances, especially men, I felt like a psychological acupuncturist: the slightest prick touched a nerve and immediately provoked a cataract of memories (mostly unpleasant), a gush of self-history both painful and instantly accessible. One friend, a writer of average height and far-above-average intelligence, immediately recalled how "huge" the issue of short stature had been during his adolescence. Another friend, a six-foot-four corporate consultant, suggested that context is critical; although he was above average in height even as a youth, he recalled how small he felt (and was made to feel) by his even taller brothers. Yet another friend, who writes about the arts, vividly described episodes of hazing and beatings at school when the topic of bullying came up. An immunologist I know—an excellent doctor and wonderfully levelheaded scientist—volunteered that he had pushed hard for one of his sons, who was short, to be treated with human growth hormone. "You know what it means to be short during adolescence," he told me ominously.

Perhaps the most important point was the immediacy of these memories. Although children, and the adults they become, dig deep wells to bury the memory of these experiences, they are easily tapped. Like radioactive waste with a very long emotional half-life, the unpleasant emotions associated with size persist for a very long time and can quickly surge to the surface. They are woven into our pasts, into our daily lives, into our families, our generational relationships, and our friendships. And the prickly issue of size is not limited to small stature, although that is the side of the divide with which I am most familiar. Friends who have always been taller than average frequently lament the psychological estrangement they felt because of their physical distinction. They too attracted unwanted attention because they deviated from the mean; they too were tormented for the uncontrollable sin of being biologically different. It is as if many of us slept in an emotional bed made by Procrustes, the bandit of Greek mythology who offered overnight hospitality to weary travelers and then, as they slept, either stretched out the bodies of those he deemed too short or chopped off the feet of those he considered too long. By Procrustean standards, any body that varied from the average faced a harsh reckoning. 

At some level, variation in size, being tall or small, is merely a subcategory of being different, of being other, for which there has always been a social and psychological price to pay. In his memoir Self-Consciousness, John Updike perfectly captures our complex love-hate obsession with otherness. Although writing about his own bouts with psoriasis, he could as easily be describing small stature or any other visible physical shortcoming. The skin disease, he writes, "keeps you thinking. Strategies of concealment ramify, and self-examination is endless. You are forced to the mirror, again and again; psoriasis compels narcissism, if we can suppose a Narcissus who did not like what he saw." We can easily suppose a gnomish Narcissus, fascinated with, yet repelled by, his small size, his delayed development, his banjo-string muscles. "An overvaluation of the normal went with my ailment," Updike notes, "a certain idealization of everyone who was not, as I felt myself to be, a monster."





BUT THIS SELF-CONSCIOUSNESS is not merely a matter of what we see in the mirror. Size matters to all of us in some deep, fundamental way that connects the internal life of vulnerability and incompleteness to the external life of culture, history, morality, and human endeavor. Its essential nature underlies some of our most timeless and cherished myths: David and Goliath; Gulliver among the Lilliputians; Don Quixote and Sancho Panza; Mutt and Jeff; "the Stilt" and "Shoe"—Wilt Chamberlain and Willie Shoemaker, immortalized in the classic photograph by Annie Leibovitz; King Kong; Tom Thumb. As long as people have told stories about the world, made sense of the world, and made pictures of the world, we have framed our perceptions of the world, at least in part, in the wordless vocabulary of relative size.

The cultural obsession with height is omnipresent and, like Updike's psoriasis, may reveal society's underlying pathologies and anxieties. Not long ago, a gossip columnist in the New York Daily News reported that Candace Bushnell, in her latest novel,  Lipstick Jungle, had gleefully described a fictional Manhattan mogul as "small and uncannily rodent-like." The chattering classes were quick to venture guesses as to whom she meant. The same day, in the business section of the New York Times, a self-described "red-neck" entertainment lawyer boasted about his business acumen. The six-foot-one J. P. Williams said, "I'm into low costs and big profits, and I bet I make more money than the execs running the studios—none of whom are over six feet." In neither case was size central to the topic under discussion. Indeed, the casualness of both unremarkable anecdotes conveys, in cultural shorthand, a gratuitous human glee about the humiliating physical detail. If anything, these are the rare on-the-record utterances that reflect widely shared, if infrequently articulated, private sentiment.

The virtue of height, and the disparagement of short stature, is hardly a modern phenomenon. Everyone knows that Sir Isaac Newton attributed his genius as a scientist to having "stood on the shoulders of giants." It is less well known that Newton, in this seemingly humble statement, was taking a poke at a smaller scientific competitor. "The remark," as the science historian Walter Gratzer noted recently in Nature, "is generally interpreted as a dig at his detested rival, the diminutive Robert Hooke, rather than a mark of modesty, an attribute wholly alien to Newton's temperament." The favoritism accorded tall people colors the oddest corners of fiction. In the very first sentence introducing Harry "Rabbit" Angstrom to readers of Rabbit, Run, Updike mentions his height. Why? Because it says something about the arc of Harry's life, his character, his entitlement. "To be tall," writes the tall essayist Phillip Lopate, "is to look down on the world and meet its eyes on your terms." Even the king of Lilliput, as Jonathan Swift slyly reminds us, "is taller by almost the breadth of my Nail, than any of his Court, which alone is enough to strike an Awe into the Beholders." Size may be relative, but even in the land of the Lilliputians, it matters.

Lemuel Gulliver began his travels just as humankind began its systematic self-measurement. It would be nice to say that the thirst for pure knowledge drove this flurry of quantitative activity, but the reality is less flattering. The wide-scale measurement of human height began primarily as a way to recruit tall men to serve in eighteenth-century European infantries, and it is hard to ignore the martial sheen that tallness began to acquire in Western societies. The king of Prussia, who associated height with military prowess, created an elite corps of tall soldiers. To give classical legitimacy to this cultural celebration of size, the Prussian court reached back to Tacitus and Caesar, who frequently extolled strength and tallness as cultural virtues. By the nineteenth century, Francis Galton, the cousin of Charles Darwin, promoted the idea of measuring people, especially children, as a prelude to the selective breeding of desirable genetic traits, including height; he named that pursuit eugenics. Eugenics legislation enacted in the United States in the 1920s, which specifically targeted physical weaknesses, partially inspired the much more ruthless application of the philosophy in Nazi Germany. Perhaps it belabors a touchy point, but the Nazi justification of racial purity has been traced in part to a specific passage in Tacitus that also extols height as a particular physical—and moral—virtue of the ancient Germanic tribes. The intellectual roots of heightism, it seems, draw on a poisoned well. 

The cultural fascination with variations in size has always been marbled with contempt, perhaps never more obviously than at the extremes: dwarfs and giants. Yet this contempt may be a perverse form of narcissism, an obsession with what the critic Leslie Fiedler called "the secret self." When we contemplate the extremes of size, of physical otherness, we aggravate nerves connected to our own vulnerability and fears. The morbid fascination with giants and dwarfs is another way of saying grace. As the sideshow impresario says at the beginning of Tod Browning's 1932 film, Freaks, "We didn't lie to you, folks. We told you we had living, breathing monstrosities. You laughed at them, shuddered at them. And yet, but for the accident of birth, you might be even as they are."

The seemingly modern impulse to objectify the body stretches back to ancient Greece and Egypt, where rulers kept dwarfs as objects of court fascination, and probably reached its sorry apex after the Renaissance. As Betty M. Adelson recounts in The Lives of Dwarfs, for centuries European monarchs "collected" dwarfs as if they were playthings. Peter the Great of Russia kept one hundred dwarfs at court, and the scaled-down apartments that Isabella d'Este, Marchioness of Mantua, constructed for her dwarf subjects at the turn of the sixteenth century are still a tourist attraction today. One of Diego Velazquez's most famous paintings, Las Meniñas, depicts several dwarfs from the Spanish court. The original is in the Prado; reproductions hang in the hallways of many pediatric endocrinology clinics.


But the infatuation with dwarfs went beyond such royal collections. Several monarchs attempted to breed their dwarfs to create self-perpetuating colonies of little people. At the opposite end of the scale, King Frederick William of Prussia attempted to mate his special group of tall soldiers, the Grenadier Guards, with tall women to produce a class of giants. Such amateur experiments in eugenics, a clumsy harbinger of later attempts to create a master race, reduced human existence to a form of animal husbandry. The great eighteenth-century British surgeon John Hunter and his agents stalked a giant named Charles Byrne all over London in hopes of obtaining his body for scientific study after he died. As recently as 1906, the New York Zoological Society numbered among its recent "acquisitions" the famous African pygmy Ota Benga, who attracted streams of spectators to the Bronx Zoo. And at the 1933 World's Fair in Chicago, one of the most popular attractions was the Midget Village. 

This cultural fascination with extremes of physical size, trespassing as it does upon human dignity, betrays social attitudes toward the extremely tall and the extremely small that probably play out, much less overtly, in daily life all the time. It would be nice to think that they were the product of earlier, less enlightened times, but then how to explain the brew of contempt and voyeurism that allowed the Fox Broadcasting Company to air a reality show in 2004 called The Littlest Groom, which chronicled the courtship of a pathetic dwarf named Glen?

There is a fascinating paradox in the social perception of size: although the contempt for extremes is a covert celebration of the average, we don't embrace average height, or any form of physical averageness, as a desirable value. We see the world through the eyes of a six-year-old: taller is better. The historical embrace of height as a cultural virtue survives, apparently, to the present day in the factors that guide our choice of America's most important military figure, the commander in chief. The tallest presidential candidate almost always wins; pip-squeaks need not apply for the Oval Office. That is merely the most obvious and topical of height-related cultural values. Indeed, tall stature has become so synonymous with success, wealth, leadership, and sexual desirability that a kind of "altocracy"—if I can coin a word—has emerged. Countless social science surveys have shown that the public uncritically ascribes positive traits to tall people—more intelligent, more likable, more dependable, and better leaders.


But as I hope to show, the social and psychological advantages of being tall are a little more complicated than they initially appear. A fascinating study published in 2004 by a group of American economists, for example, suggested that an adult male's income could indeed be predicted by his height—but not his height as an adult. Rather, it was his height as an adolescent, regardless of the height he ultimately attained as an adult, that appeared to be the key factor. "Inner shrimpdom" may have economic repercussions, too. 

The notion of shortness as a psychological disadvantage—indeed, disability—runs deep and persistently through a huge scientific literature on human physical stature. For example, writing about growth hormone (GH) treatment in 1990, David B. Allen and Norman C. Fost noted, "If the goal is to alleviate the disability of extreme short stature, we should treat GH-responsive, short, healthy children only until they reach a height within the normal range." At the same time, there is an inescapable suggestion that such a "disability" can produce monstrous, world-altering behavior. Consider that noted amateur psychologist James Bond. In Goldfinger, one of Ian Fleming's most popular spy novels, Fleming writes, "Bond always mistrusted short men. They grew up from childhood with an inferiority complex. All their lives they would strive to be bigger than others who had teased them as a child. Napoleon had been short, and Hitler. It was the short men that created all the trouble in the world."

No wonder, then, that boys are self-conscious about their size; that growth can be normal, while stature can be seen as a sign of disease; and that people are willing to take extreme measures to increase their height. Fast-forward to the world of modern pharmaceuticals. In the summer of 2003, the U.S. Food and Drug Administration (FDA) approved the use of genetically engineered human growth hormone (hGH) for the treatment of normal, healthy children who happen to be unusually short, ranked in the first percentile of height for their age. Many bioethicists lamented this decision because it medicalized a condition in healthy children who just happened to be shorter than average. Roughly 4 million babies are born in the United States each year, about 125 million worldwide, and now 1 percent of them—roughly 40,000 each year in the United States, 1.25 million globally—by definition theoretically satisfy the newly relaxed criteria for using hGH because of this perceived psychological disability. (Nor is the obsession with height peculiar to Western cultures. A friend recently forwarded to me an article describing how thousands of men  and women in China have opted for an expensive and arduous medical procedure to increase their height; called limb-lengthening, it involves severing the leg bones and then inducing the severed bone to grow longer. "Height consulting" businesses are thriving in Beijing, job applications in China often stipulate minimum height requirements, and, as the Los Angeles Times noted, "In this increasingly competitive society, height has emerged as one of the most visible criteria for upward mobility."

With this globalization of height awareness, many normal children may reasonably believe they have a disability because of the societal attitude toward small stature, and now that "disability" can legitimately be treated for many years with a powerful, expensive drug. To understand how radical this form of medical intervention is, consider an analogous situation. Imagine the FDA approving, for otherwise healthy and normal African Americans, a drug that would change their skin color to white, with the argument that it is easier to treat the disabling social "handicap" of skin color than to deal with underlying social attitudes that cause the "disability" in the first place. In effect, we have reached the point where we are treating the victims of social prejudice with pharmaceuticals.

If you pair this newfound technological ability with every child's plaintive cry of "I want to be bigger!" you begin to understand the enormous social pressures that are building up and nudging us toward wide-scale manipulation of physical size. The border between normal and abnormal, between acceptable human variation and unacceptable otherness, is becoming a battlefield peopled by doctors, surgeons, bioethicists, and drug companies. Contemplating the issue of size allows us to consider one of our oldest concerns in the context of our newest biological powers.

Fortunately, those myths about size can, in their own way, be medicinal. When David challenges Goliath (who is "over nine feet tall," according to the Bible), we are at first reading of a conflict between physical unequals. King Saul tells David: "You are not able to go out against this Philistine and fight him; you are only a boy, and he has been a fighting man from his youth." But then, the story of David and Goliath is not just another tale about fractious Middle Eastern politics, not just another lopsided boxing match. It is a metaphor about adversity and character, about underdogs against bullies, about taking on seemingly overwhelming physical challenges and managing to triumph, if not by sheer strength, then by skill and guile and divine assistance (it never hurts, of course, when God has your back). It is an attitude, a worldview, and an inspirational tale all in one, and you don't have to be small like David to identify with its message. The world, after all, is still peopled with Philistines. 





THINKING ABOUT SIZE inevitably leads to thinking about growth, and that leads to what, for me, has been one of the major revelations of this book. In 1953, while James Watson and Francis Crick were toasting each other in the Eagle pub in Cambridge for having discovered "the secret of life" in the structure of DNA, a scientist named James Tanner was making monthly pilgrimages to Harpenden, a small village about an hour north of London, to measure the heights and weights of a group of children living in an orphanage. In the half century of molecular biology since Watson and Crick described the double helix, there have been spectacular discoveries, and scientific fame (as well as grant money and cultural attention) has attached to genes and what they do. By contrast, few areas of science seem more like a backwater, more a Victorian diversion, than the measurement of bodies and the study of human growth, in which the most sophisticated tool is a glorified ruler and the most significant data come in the same units of measure used by butchers and carpenters, namely inches and pounds. You don't need a microscope, much less a DNA gel, to produce data.

Among molecular biologists, there is a certain disdain for those poor fellows who try to do science dealing with real, messy, complicated human beings rather than microscopic bugs and genetically identical mice. But I'll argue here that growth scientists (and physical anthropologists), long before molecular biologists, understood that genes, though incredibly powerful, are nonetheless often hostage to environmental forces that regulate them. Since the completion of the Human Genome Project in 1999—which has explained much, and yet much less than we may have been led to believe—the new buzzword in biological circles has been "epigenetics." That term refers to the factors that control when, where, and how genes are turned on and off. At a practical level, growth scientists have known about epigenetics all along. Indeed, they could not help but see the power of environment writ large upon genes as the bottom line of all their meticulous measurement. As far back as the beginning of the nineteenth century, a French public health official noted, correctly, that "physical stature is greater, and men grow faster, the wealthier is the country; in other words, misery produces short people, and delays the achievement of final height." That knowledge has made a huge difference in the health and welfare of children worldwide. Simple health practices that have improved gestational nutrition and perinatal medical care have arguably had a much broader impact on global well-being than anything that has yet come out of the genomics revolution. Tanner exemplifies the uncelebrated science that grasped the importance of nurture during key developmental periods and acted upon it. 

Tanner's name crops up repeatedly in this narrative, for good reason. In addition to being a rigorous scientist of human biology and childhood health, his research, like that of all great scientists, has influenced and reshaped entire fields of endeavor. His monthly trips to Harpenden yielded the first statistically sophisticated modern growth chart, now an indispensable document in the life history of all children. His charts also offered a more generous definition of normality in child development than subsequent growth charts used now in many parts of the world. His meticulous photographic record of the boys and girls of Harpenden, documenting the physical changes they went through during adolescence, made him the first scientist to visually and rigorously delineate the stages of pubertal development. The so-called Tanner stages are still widely used today, half a century after their initial publication. Recently it has become clear that certain genes trigger puberty and that these genes are to a certain extent under environmental control.

The Tanner stages reflect a philosophy about the study of human growth that in itself advertises another subtle but recurring theme of this book: much of the most valuable knowledge we have gleaned about the biology and psychology of human growth has resulted from longitudinal studies—measurements of the same group of people again and again over many years of development, whether of height or of aspects of child, adolescent, or adult psychology and behavior. As the famous British film documentary Seven Up and its many sequels show, the virtue of this scientific approach is that it can illustrate, with breathtaking clarity, changes that occur over time related to growth and maturation—changes that become clear only when you track specific individuals for years and years. One of many recent studies that will be discussed revealed that toddlers who were larger than average at age three were temperamentally more aggressive by age eleven and more likely to exhibit violent behavior as young adults. Such a conclusion would have been impossible to reach without a study that followed the same youngsters for two decades. Longitudinal studies, alas, are not easy. They require patience, a lot of money, long-term institutional commitments, and a scientific culture that values long-haul work. In addition, just as in  Seven Up, such a study can suffer from attrition over time, as participants move, drop out, or decide they no longer want to be included. Such changes can dilute a study's statistical power. Nonetheless, these studies are especially crucial to understanding the biological, psychological, and emotional factors related to growth. Tanner's insistence on the critical importance of longitudinal studies has transformed our understanding of growth and the psychological implications of size.

The work of Tanner and many other great growth scientists of the past half century—Nancy Bayley of the Berkeley Growth Study, Alex Roche of the Fels Research Institute in Ohio, Robert Blizzard of the University of Virginia, and Andrea Prader of the University of Zurich, to name just a few—have shown how height provides an unexpectedly sharp lens through which we can view a larger biological (and, for that matter, social) phenomenon: the age-old debate about nature versus nurture. Preposterous as it may sound at first (as it did to me), the average height of a society, or of a particular group of people during a given historical era, can tell us a great deal about the environment in which they live. That environment, in turn, can tell us a great deal about the values of that society and the welfare of its citizens, according to a small but increasingly influential school of biologically attuned economic historians who were inspired—and whose work was legitimized—by Tanner.

How could mere height become a magnifying glass of socioeconomic values? Although an individual's height is determined by genetics more than environment, growth scientists have long known that the average height of a society as a whole, especially an economically developing society, reveals something altogether more interesting. It is a kind of mass statistical rendering of the nature-versus-nurture debate, in which nurture appears to play a far more dominant role than the current gene mania might lead one to believe. As Tanner recently put it, "If you are asking what determines the height of a particular individual, it's 90 percent genetics. Forget the environment. But if you're asking what determines the mean height of 100,000 individuals, forget the genetics, because that doesn't change. It's the environment. As the population as a whole gets taller, it's an environmental change." Research has shown that the average size of urban British children stagnated during the Industrial Revolution and that the average height of French males dipped in the early nineteenth century as a result of the many lives lost during the Napoleonic wars. After World War II, the average height of Japanese males shot up. Some researchers claim that the average height of native-born Americans has stagnated for nearly half a century. The reason for that is still very much up in the air, but some preliminary evidence suggests that it may reflect how inequitable a society we have become: our children's apparent inability to achieve full genetic growth potential may be telling us something very important about the quality of prenatal and postnatal health care in the United States. Similarly, the high birthweights of babies in Holland and Scandinavia may be a subtle advertisement for health care systems that not only promise but also deliver excellent perinatal care. 





FINALLY, A PERSONAL note. I come to the subject of stature with two frames of reference—two biases, if you will. Having grown up on the lower slopes of the growth curve, I have a cerebral warehouse full of personal memories about the role of size in physical and emotional development. I can talk with firsthand knowledge about being a bully and, later, being bullied; about being a shrimp in the land of giants; about being a late maturer during puberty. Having made a living as someone who writes about science, however, I've tried to train myself to be wary of mere anecdote, to avoid jumping to emotionally or culturally pleasing conclusions, and to be open to every legitimate path that may lead to the truth, however much it may contradict my initial intuitions, however much it may turn common sense or conventional wisdom on its head. As a result, I've undertaken in these pages quite an eclectic journey through the landscape of size—consulting many scientists but also recalling many personal memories, quoting from the pages of Nature but also from the screenplay of Revenge of the Nerds. In some respects, I ended up in a different place than I expected when I began researching this book. But it has been science, not gut feelings, that has guided me along the way. 

When I dipped into the field of animal behavior, I learned, not surprisingly, that physical size is closely associated with fighting ability, social dominance within a group, and mating success. However, I also learned that some of the traditional thinking about these issues is changing. One of the great "crossover" metaphors from the field of animal behavior to pop psychology has been the notion of the alpha male—the male in an animal society that dominates his peers and enjoys privileged mating access to females. But recent research suggests that dominance hierarchies are not as inflexible—as dominant—as we once thought. The advent of DNA testing, for example, has brought paternity tests to the world of animal societies, and it turns out that there's a surprising amount of subversive canoodling being perpetrated by lower-ranking animals. I'm not prepared to declare the death of the alpha male, but I hope to convince you that social dominance, and the role of physical size in maintaining that hierarchy, is not nearly as cut-and-dried as it once seemed.

When I looked into the evolutionary biology of aggression, I learned, not surprisingly, that physical size is a critical component in predicting which animal will win a fight, as was demonstrated in the pioneering mathematical models of game theory in the 1970s. However, it has become increasingly clear that a number of related behaviors—including deciding to get into a fight in the first place or to avoid an ill-fated fight with a bigger rival the second time around—depend crucially on neurobiology, and thus size-related behaviors are very much tied up with the biology of memory. Memory also helps people stay out of fights with particular individuals, but at a price: we never forget our childhood incidents of fighting or bullying. Other critical cognitive functions, such as assessing the attributes of a rival in terms of strength or gauging what is likely to be gained from a fight, involve different aspects of neurobiology. But if hermit crabs can size up a rival and calculate the relative benefits of combat before getting into a fight, surely evolution has built into the human brain the cognitive equipment to quickly appraise and compare relative strength and size. Such inborn abilities may affect not only the way we approach a possible physical confrontation but also the way we appraise other males at the gym, on the playing field, and perhaps even in the images deployed by contemporary advertising to manipulate us into buying a product. 

When I wondered what natural selection had to say about physical size, I discovered that the fields of physical anthropology and evolutionary biology have recently been roiled by an argument about whether, from the viewpoint of Darwinian evolution, bigger is better. The fossil record provides considerable evidence that species tend to evolve toward larger and larger body size over time, up to certain well-known physiological limits. But natural selection is always a dialogue between genes and the environment, so when sudden changes occur in the environment—the sudden change of a comet striking the Earth 65 million years ago comes to mind—big (as in dinosaurs) may die out, while small (as in mammals) may survive and then evolve into walking, talking, adaptive creatures, capable of writing and reading and thinking about size. While reading Darwin's The Descent of Man one day, I was stunned to come across a paragraph in which he speculates that small size might have affected the course of human evolution, creating a selective pressure for a nonphysical sort of evolutionary fitness in the form of attributes such as intelligence, cooperation, and compassion. (The passage serves as one of the epigraphs for this book.) His statement strikes me as one of the most interesting (and overlooked) thoughts in the entire Darwinian oeuvre. It makes a lot of sense: if you can't get your way (evolutionarily speaking) through sheer physical dominance, you'd better develop some alternative skills if you want to survive and send your genes into the next generation.

Pursuing a more idiosyncratic avenue of curiosity, I wondered if I could find any scientific support for my intuitive notion, much in line with Trudeau's "inner shrimp" idea, that the experience of being short (or, for that matter, tall) in adolescence could mold adult psychology and behavior. Adolescence strongly shapes adult male psychology, and physical size and maturation strongly influence the experiences of adolescence. In the past ten years, evidence for the profound influence of developmental experiences related to size has accumulated in a number of disparate scientific areas. Some studies of childhood aggression, including bullying, have traced adult spousal abuse and, surprisingly, social leadership to childhood behaviors. Some studies of the biology and tempo of puberty conclude that children who mature earlier, which is commensurate to having an earlier growth spurt, are at heightened risk of indulging in self-destructive behaviors such as drinking, smoking, and using illegal drugs as adults. Studies of male body image disorders have shown that many serious psychopathologies in adults—including a sort of agoraphobia, or fear of leaving one's home, because of a perceived lack of muscle or strength—have their origins in adolescence. The evidence comes from far-flung precincts, but so far it suggests that adolescent experiences do shape the man and that many of those experiences have a deep connection to growth and physical size. Andrew Postlewaite, an economist at the University of Pennsylvania who headed a study showing that a man's wage-earning success is directly related to his height at age sixteen, said, "Clearly, something happens in high school that has important long-term effects." 





BECAUSE OF FINDINGS like Postlewaite's, this book is also about memory. As we stop to ponder whom we've become and why, we're inevitably drawn back to formative experiences, developmental passages, and moments when personal history might have taken a different path. I've often wondered if my life would have been different had human growth hormone been more widely available when I was growing up normal but unusually short. Recent psychological studies suggest, however, that taking hGH makes remarkably little difference in quality of life (although years of daily injections would surely have made me more self-conscious about my "disability"). I often wonder whether my experiences as a short boy dealing with the problems of childhood society contributed in a positive but painful way to the empathy I try to marshal as an adult. I wonder if the social and sexual insecurities I experienced as a young adult had their roots in delayed pubertal timing, which also delayed my growth spurt. I even wonder, having read some of the more recent psychological literature, if I mistakenly used short stature as an undeserving focal point for all the complicated issues that contribute to adolescent insecurity and unhappiness. Size matters, but when it comes to psychological cause and effect, one size probably doesn't fit all.

Whether you consider short stature a disability, whether you consider social privilege a kind of birthright of tall people, the impact of human size on the psyche can be enormous. When asked by a Playboy interviewer in 1984 how being short affected his upbringing, the songwriter Paul Simon summed it up this way: "I think it had the most significant single effect on my existence, aside from my brain. In fact, it's part of an inferior-superior syndrome. I think I have a superior brain and an inferior stature, if you really want to get brutal about it." Darwin's point exactly. In a world of cavemen, Paul Simon would never have become a major recording artist. But we don't live among cavemen anymore. 

I'm trying not to overindulge the bias to which I've already confessed. Indeed, it's important to acknowledge from the outset an obvious danger: when making an argument, we tend to see the entire world through the narrow lens of that argument, raising expectations that cannot possibly be met, placing a burden on a hypothesis that it cannot possibly bear. Wary of seeing physical size (height in particular) as the single explanation of any or all adult male behaviors, I'm more tempted to offer it as a particularly rich, all-purpose metaphor for exploring the way being physically different during development can inform the adults we become.

Finally, we need to be wary of our own memories—not that they're necessarily false, but they are selective and often reflect a very self-serving version of our personal narratives. In the course of researching this book, I've talked to people who knew me as a child—my parents, of course, but also people I hadn't seen in thirty-five years or more: kids I bullied, kids who bullied me, the tall kid in high school, a few of my fellow shrimps. In part I wanted to hear about their experiences of size during childhood and adolescence and how those experiences affected the adults they became. But in part I wanted to hear their recollections of me. I recommend the exercise to everyone. It's a great way to scrape the mold off childhood mythology (especially one's own myths) and recalibrate one's memories. My mother, for example, recently reminded me that the baseball coach at my junior high school refused to let me try out for the team because I was too small and that I refused to pick up a ball and glove for months afterward. Until she mentioned the incident, I had no recollection of it. Yet I keenly remember the feelings attached to such externally imposed limitations.

And at the beginning of this introduction, I referred to the playground game that the sixth-grade boys would play before school started and described the rules "as best I can recollect." I did not recollect them entirely correctly. When I managed to track down my old nemesis and schoolmate Albert (we'll catch up with his story in the epilogue), he immediately remembered the game, and provided an additional detail I had forgotten. The boy in the middle did not randomly tackle one boy among the horde rushing by. He called out a name first. So the game was much more personal, primal, and potentially more humiliating than I had remembered. I may have gotten some of the details wrong, but the essential thing, the thing that really mattered, was size. 



PART I

THE LITTLE ONES

 




1. "CHUNKY"

Gestation and Birth


Man brings all that he has or can have into the world with him. Man is born like a garden ready planted and sown. 

—WILLIAM BLAKE, Annotations to Reynolds's Discourse VI



ON THE AFTERNOON of April 2,1998, my wife, Mindy, and I embarked on one of those geographically modest but profound trips in which real-world biology impinges, with the suddenness of a baby's cry, on family life. While I was at work, she, pregnant with our second child, headed to Lenox Hill Hospital in New York City for a scheduled checkup. We soon learned that the hour of birth was at hand.

In fact, we had been expecting to hear this news for quite some time. For several weeks, Mindy had shown advanced signs of readiness, and during the weekly prenatal visits, both our doctor and the nurses predicted that she'd never make it to her April 2 due date. Meanwhile, every random cramp and rogue contraction, invariably occurring in the middle of the night, left us wide-eyed with logistical terror. Our obstetrician, Dr. Reginald Puckett, had warned us that given Mindy's ripeness, the birth could occur at any moment, adding that he was "a little nervous" about our ability to get from Brooklyn to the hospital in time.


To all these areas of parental obsession was added one of vain—okay, petty—concern: all things considered, I preferred not to have a child born on April Fools' Day. In retrospect, I realize this desire stemmed from memories of my own childhood and the heightened sensitivity that teasing can cause. Having been called every name under the sun, the insult often punctuated with a thump to the arm, I didn't want to visit even a coincidental hardship like that on my son. 

By April 2, Dr. Puckett felt that the wisest course was to induce birth. And so, with the soothing strains of Satie's Gymnopédies as background music, we went into the birthing room. Despite all the recent propaganda about the value of male coaches, the fact is that in no other room, at no other time in their lives, do men fade more firmly into the background than during the minutes and hours when their mates are pushing a child into the world.

During those anxious moments, your mind focuses mostly on the child's immediate health and well-being. But lurking just beneath the surface of those medical worries is a concern that wavers between social curiosity and parental vanity: the baby's size. Big or small? Hefty or slight? Point guard or power forward? Peggy Fleming or Rosie O'Don-nell? When the infant is laid on that nearby table, whether you realize it or not, a lifetime of measuring is about to begin.

But in fact the measuring, like growth itself, begins much earlier. And even before birth, I began to learn, a child's size may cast a morbid shadow all the way into adulthood—indeed, all the way to the grave.





IN 1938 TWO British scientists named Arthur Walton and John Hammond performed an unusual barnyard experiment that sheds light on the physical relationship between mothers and their fetuses. The mothers in this classic experiment happened to be mares.

The scientists had mated large Shire horses with petite Shetland ponies. When the mare was large (that is, Shire), the resulting foal at birth was also quite large, and when the mare was small, the resulting foal at birth was quite small. That is perhaps not surprising. But after several months, the two foals grew to the same size and continued to be the same into adulthood, their final size falling about midway between that of the two parents. In other words, two animals with very similar genetic endowments and almost identical postnatal growth potential seemed to tailor their prenatal size to the container, the womb, in which they were growing. The same phenomenon has been seen in other animals, including cattle, and illustrates how exquisitely sensitive is the relationship between the size of the developing fetus and the size of the mother. For better (as in this case) or worse, the growth and size of the fetus is attuned to its physical and biological surroundings, with implications for growth that extend months, and even years, after birth. 

Any discussion of physical size must start with the process of growth, and growth begins essentially at the moment of fertilization. The advent of ultrasound technology, which began in earnest in the 1960s, has allowed the progression of this growth to be monitored and measured. By combining such measurements of live fetuses with an analysis of aborted fetuses, science has gained a view of the prodigious amount of "height" gained during the earliest stages of gestation. Humans on average go from about three centimeters (less that an inch and a half) at eight weeks to about fifty centimeters (about twenty inches) at birth. Since the average adult male in the United States is slightly less than seventy inches (five feet ten), a boy typically grows to nearly a third of his final height before he ever sees the light of day.

Although the means of monitoring early growth are high-tech, the curiosity driving such measurement is ancient and has not always been strictly medical in nature. The first systematic efforts to measure fetal size emerged in the late eighteenth century. Among the instruments used was an invention by a Frenchman named François Chaussier called the mécomètre, a forerunner of today's devices to measure newborns. Crime, alas, and not health, was the mother of this invention. Foremost among its purposes was to investigate the physical status of a fetus or newborn when there was a suspicion of criminal infanticide.

By the 1860s, doctors and scientists had accumulated enough data, largely based on measurements of aborted fetuses and stillborn babies, to create the first fetal growth charts. And in 1910, a German doctor named C. H. Stratz published the first convincing curves of fetal length and weight. These early, somewhat imprecise charts nonetheless offered the first hint about an aspect of growth that is now widely recognized: the rate at which length (or, if a fetus could stand, height) increases is highest at five months' gestation. Never at any point during the life cycle do we grow as rapidly as in the dark, watery confines of the womb about halfway through our prenatal journey from fertilization to first breath. Peak weight gain, as opposed to length, typically comes two and a half months later, much closer to the time of birth. So using crude but often ingenious instruments of measurement, doctors have understood the basic trajectory and benchmarks of fetal growth for more than a hundred years. Spectacular photographs by Lennart Nilsson and, more recently, computer-assisted images created by Alexander Tsiaras have allowed us even more intimate peeks behind the placental proscenium, revealing the drama of early human development in ever greater detail. And of course the sonogram has become so commonplace and its technology so advanced that parents now seek elective ultrasounds, formal echo-portraits of their gestating children, as inaugural entries in the family album. 

Like much of postnatal development, this prenatal phase of growth has its own rhythm, its own division of labor and specialization, and its own pathologies. Indeed, one of the most provocative ideas in contemporary medicine involves the size of a baby at birth. The so-called Barker hypothesis argues that fetal events culminating in low birthweight may predispose an individual to serious adult diseases such as diabetes and high blood pressure. But even before there's a writhing, mewling mass to measure, size matters.





EXPERTS TEND TO time developmental growth from the date of the mother's last menstrual period. The "period of the embryo," as one growth expert put it, is considered to begin two weeks after fertilization, when the fertilized egg has successfully navigated the journey down through the fallopian tubes and implanted in the uterus, and to end eight weeks after fertilization. During this crucial interval, the single fertilized cell multiplies into about one hundred or so all-purpose, protean cells (these are the famous embryonic stem cells about which we've heard so much lately), which then branch off into specialized areas of physical development.

The earliest phase of this process of specialization, often called differentiation, creates a kind of three-dimensional grid that delineates front from back, head from toe, left from right. Upon the grid, the embryo begins to construct a heart, a brain, a skeleton, musculature, and other organ systems, each in the right place and in proper proportion. This general rough draft of human anatomy is controlled by a master set of instructions known as homeobox genes. Developmental biologist Sean Carroll, in his wonderful book Endless Forms Most Beautiful, refers to these as "tool kit genes" because evolution has repeatedly deployed them to sketch out the basic embryonic architecture of creatures as diverse as fruit flies, tadpoles, and, of course, us. In humans, the foundational work is, for the most part, finished by eight weeks—just in time for the very first ultrasound pictures. Even at this early stage of pregnancy, ultrasound can typically measure the distance from the back of the crown of the head to the rump. This measurement, like all the ones to follow, has one primary aim: to use size as a quick way to assess development and health. At eight weeks, that distance is typically about the length of a standard paper clip. 

Then it's all building. In the human body, as the early researchers showed, the greatest velocity in height—that is, the highest rate at which longitudinal growth occurs—actually takes place about twenty weeks prior to a child's debut in the world at large. Most of this growth is due to the furious creation of new cells (in one such burst of development, 100,000 neurons, or brain cells, are created each hour), followed by the accumulation of proteins and other biochemical furniture in each of these cells as they swell in volume. By this time in the developmental history of your brain, you've got about as many neurons as you're destined ever to have; after six months' gestation, you've basically got all the muscle cells you'll ever have, too. What you do with them, of course, is another matter. As both a child and an adult, you "build" brainpower and muscles by expanding the cells you already have, not by creating new ones.

During the last ten weeks of gestation, the fetus devotes a great deal of energy to bundling up for the cold, cruel world outside the womb. One study has shown that from week 30 to week 40—roughly the last two and a half months of pregnancy—the fetus accumulates 400 grams of the 430 grams of fat it possesses on average at birth. That's the difference between a pat of butter and nearly a pound of lard. This internal swaddling provides a large reservoir of energy for the first few postnatal days, when the growth rate actually takes a noticeable dip. Just as in the example of the Shire horse and the Shetland pony, the rate of growth of the human fetus typically slows as birth approaches—a natural mechanism in which the mammalian fetus senses the environment (in this case, its increasingly tight container, the uterus) and adjusts its growth accordingly.

Weight at birth is among the most crucial harbingers of future health. Infants weighing less than 2.5 kilograms (5 pounds 8 ounces) at birth are considered low-birthweight babies, and modern neonatal medicine has become very adept at rescuing the smallest of them. In 2004 doctors at Loyola University Medical Center in Chicago delivered a child that weighed only 8.6 ounces and nurtured it over three months to the point where she could go home. This is believed to be the smallest infant ever to survive. 

But the health implications for such children can be significant. Numerous studies have indicated that low birthweight increases the likelihood of psychiatric and behavioral problems later in life, including depression, anxiety, and poor performance in school. Future health, however, also depends on the position that low-birthweight babies occupy on the fetal growth chart. Studies have shown that children who are preterm but normal in size for their stage of development can catch up and assume normal growth after birth. A number of studies in the 1960s and 1970s suggested that children born as early as twenty-eight weeks' gestation and weighing only 1 kilogram (2.2 pounds) could be nurtured for eight to ten weeks in a hospital incubator and achieve the normal weight of a full-term infant. Many enjoyed normal growth afterward. But a longitudinal study published in the Journal of the American Medical Association in 2005 gives a slightly more complex and grimmer picture. Researchers found that eight-year-old children who had been of extremely low birthweight (1 kilogram) were more prone to develop multiple health and functional problems, compared to normal-size infants. Among these problems were more dependent behavior; greater likelihood of asthma, cerebral palsy, and vision problems; and lower academic and motor skills.

If children are small after a full-term pregnancy—that is, small for gestational age (SGA)—the stakes suddenly become even higher. Studies have shown that these children, on average, swim upstream the rest of their lives. They tend to be smaller for their age, rarely catch up in size, and often fall short in mental ability compared to average children. Boys who are born unusually small after a full-term pregnancy may thus be destined to face many of the social, psychological, and cultural hurdles that can afflict boys of short stature. The die can be cast as early as the moment of birth.

Small size at birth may also, according to a theory advanced by British epidemiologists, increase a child's odds of developing serious chronic diseases such as heart disease and stroke as adults. The insight that led to this revolution in thinking about public health began with a map. 





"I'LL GET THE MAP right now!"David Barker said as he bolted from his seat and rushed out of the room to fetch his epidemiological atlas. It was a Saturday morning, and we were sitting in the cozy den of a lovely 350-year-old farmhouse in rural East Dean, not far from Salisbury and Stonehenge in the south of England. Barker—white-haired, red-faced, and wearing a mustard-colored shirt and dark pants—was still shaking off the effects of an overnight flight from the United States. But there is no lag, jet or otherwise, in the energy with which he talks about the research that has animated the past twenty years of his scientific life.

Barker, a member of the Royal Society, the highest honor that England bestows on its scientists, returned to the room with a heavy black volume that had an equally heavy title: Atlas of Mortality from Selected Diseases in England and Wales, 1968–1978. This is a compendium of epidemiological maps showing the incidence of various diseases county by county. Barker opened it to [>], which showed a seemingly unremarkable two-color map of England and Wales. In the mid-1980s, Barker and his colleague Clive Osmond kept staring at this map, trying to make sense of it. At the time, they headed the Environmental Epidemiology Unit of the Medical Research Council (the British equivalent of our National Institutes of Health), based at the University of Southampton, and the map posed a maddening puzzle.

It showed the geographic distribution of heart disease throughout England and Wales. A high incidence of disease appeared in shades of red and a low incidence in shades of green. Barker and Osmond were immediately struck by several paradoxes. The incidence of heart disease tends to increase with prosperity, but this map told exactly the opposite story. Men between the ages of thirty-five and seventy-four who lived in poorer sections of the two principalities, notably Wales and northern England, had higher rates of disease than those in the rest of the region. And London, seat of much of England and Wales's wealth, was deep green, indicating a very low incidence of disease. What clues lay in this pattern?

When Barker, Osmond, and their colleagues analyzed the diets and lifestyles in different locales, none of the usual smoking epidemiological guns appeared to play a role. There was no particular difference in the amount of dietary fat consumed, for example, or the number of cigarettes smoked. So Barker, on a hunch, began to wonder if early events in the men's lives could foreshadow the appearance, many decades later, of a chronic illness such as heart disease. He asked his staff to search for maternity ward records and infant welfare documents throughout England. Through this archival detective work—"epidemiological studies of a kind never undertaken before," he would say later—they uncovered the key to the puzzle in the pleasantly bucolic hills of Hertfordshire, north of London. 

At the turn of the twentieth century, a fanatically precise nurse named Ethel Margaret Burnside had been "Chief Health Visitor and Lady Inspector of Midwives" in Hertfordshire. Bicycling from hamlet to hamlet, she had kept scrupulously detailed records on the size of newborns, their initial care (whether breast- or bottle-fed), and their health in follow-up visits. "Since 1911, the weight of every newborn baby had been measured," Barker explained, "and they'd been followed up till they were one year of age, when they'd been weighed again. And this was because of a national concern about the physique of British children, which was generated by concern about the physique of young men who wanted to join the British army to fight in the South African war. A lot of European countries became interested in children's welfare because of war and the raising of armies." In fact, Barker discovered that the county's chief medical officer at the time had offered an apocalyptic vision of the decline of the national physique. "This decay must betoken the doom of modern civilization as it did that of Rome and Greece," the bureaucrat wrote, "unless some new moral or physical factors arise to defeat it. It is of national importance that the life of every infant be vigorously conserved."

In 1986 Barker went to the records office in Hertfordshire seeking access to the birthweight data. At first he was rebuffed: the data were off-limits to researchers and would not be released for another fifty years. But "an amazing bit of good luck," Barker recalled, allowed him to overcome this bureaucratic obstacle. When the German air force began bombing London during World War II, he said, the British launched the largest evacuation of children in the history of warfare, relocating countless youngsters to the countryside. Among them was Barker himself. Along with his father, who had just returned from the war, and his pregnant mother, the five-year-old boy was sent to Much Hadham, a small village in Hertfordshire. In fact, Barker's sister was born there in 1943, and thus her birth was among the records presumably on file. "I said, 'Well, my family is in those records, and I'm afraid I don't follow the logic of this, because my mother wouldn't mind,'" Barker recalled. The senior archivist replied that some of the midwives had written pejorative things about the families. "But since you're a local," the official said, finally relenting, "you can have them." As it turns out, Barker's mother had refused to allow her baby to be weighed in 1943 and thus never received a visit from the county "health visitor." But thousands of other mothers had, and the information proved invaluable. 

Barker's epidemiological team managed to track down more than fifteen thousand men and women who had been born in Hertfordshire prior to 1930. According to National Health Service records, about three thousand of them had already died, almost half from coronary heart disease. By comparing adult health with birth conditions, Barker, Osmond, and their colleagues detected a startling pattern: people who had weighed less than five pounds at birth were twice as likely to have suffered a fatal heart attack as those who had weighed ten or more pounds. Barker, Osmond, and their colleagues published these observations in 1989 in the Lancet. That was the birth of the Barker hypothesis, which could be boiled down to a very simple idea. "As a group," Barker has noted, "people who are small at birth or during infancy remain biologically different throughout their lives."

Low birthweight has long been a topic of intense medical scrutiny, because—adult medical conditions aside—it has always walked in grim lockstep with infant mortality. This has been known almost from the time that doctors started systematically weighing babies, a practice that goes back to the 1750s. A clinic run by J. G. Roederer in Gôttingen, Germany, a beehive of activity when it came to measuring the size of newborns, generally is credited with initiating the practice, although it did not become widespread for another fifty years or so. Although the measurements were sporadic, they give us a glimpse of historical differences in birthweight. Some twenty thousand infants born in Paris between 1802 and 1815, for example, were dutifully weighed at the Maternité de Port-Royal hospital, and thus we know that the average weight of a French newborn two centuries ago was 6.25 pounds—roughly in the tenth percentile of modern growth charts for full-term babies. What was not understood until much later was that a mother's undernutrition during pregnancy and the infant's undernutrition shortly after birth could have devastating long-term effects. 

The mother's nutritional status during pregnancy is critical, especially at the very beginning and very end of gestation. A reduced rate of fetal growth appears especially crucial in the last two to four weeks of development. According to growth experts, there can be a carryover effect from generation to generation, too: mothers who may not have achieved full growth potential themselves are more likely to produce smaller babies.

With the clues suggested by the Hertfordshire birthweight data, Barker and his colleagues did two things. First, they looked for, and found, similar correlations between reduced fetal growth and adult diseases among populations in Finland, the Netherlands, India, and the United States. At the same time, they began to explore biological events in the early embryo and fetus that could set in train medical events five or six decades later. One plausible possibility, they thought, lay in the unique circulatory plumbing of a nascent organism.

"The baby has three shunts," Barker explained to me, "three [circulatory switches] that allow it to shunt blood. The two organs that take the most blood are the brain and the liver. So the [developing] baby can shunt blood away from the liver so that more oxygenated blood gets to the brain. It's the brain that is the high-priority organ in fetal growth. Before birth, the baby has these really great mechanisms for protecting vital bits, which are all lost when it's born.

"So there are really two overarching biological thoughts in our work," Barker continued. "One is that the baby will prioritize the brain at the expense of other organs, and that involves the liver. Within the normal range of birthweight, there is a big variation in liver growth, and the liver is responsible for orchestrating the production of cholesterol and its breakdown. That's thought one. Thought two is that the baby's nutritional needs are served by the placenta, and the resistance in the blood vessels of the placenta mold the heart. Smaller babies have to pump blood through a higher-resistance network, and that shapes the heart for life." In other words, Barker believes that the size and the functional capacity of crucial organs are determined long before birth, and the shunting events he described respond with exquisite sensitivity to changes in the fetus's environment—changes that often involve the diet and habits of the pregnant mother. Fetal growth can be compromised by several classic socioeconomic insults. For instance, if the mother is a young teenager, her own still-developing body may make competing claims on resources that might otherwise go to the developing child. The same problem can occur if, through poverty or lifestyle, the mother is undernourished or doesn't receive a steady supply of vitamins and other essential nutrients. 

The notion that organ size, overall physical size, and adult predisposition to disease is determined very early in fetal development is a controversial and sensitive issue, and Barker has recently begun pushing it in an even more provocative direction. He now argues that evidence from a variety of sources suggests that these trends begin to determine the size of organs, and therefore the fate of the organism, around the time of conception. If this view is correct, size begins to matter within hours of fertilization.

"We know now that the diet of a mother at the time of conception establishes the trajectory of growth that the fetus tries to sustain and that establishes its demand for nutrients," he said. Several lines of evidence support that view, he continued. For one, in vitro fertilization has shown that the chemical "brew" in which a fertilized egg is placed strongly influences the development of an early embryo. The egg is very sensitive to its biochemical and physical environment both before and after fertilization. A second clue comes from the world of animal husbandry. "In animals, it's been known for a long time—because they do it experimentally—that if you undernourish a female at or near the time of mating, you profoundly affect the growth of the [fetus]," Barker said. According to him, preliminary evidence is now emerging that undernourishment of the mother around the time of conception affects the way the nascent embryo divvies up its stem cells during the earliest days after fertilization. An organism's most primordial cells, which produce the entire material of gestation and growth, are allocated into two distinct classes just a few days after conception: one set of cells (embryonic stem cells) is destined to build the organism, while the other set (trophoblast cells) creates the nourishing placenta. Experiments with mice, rats, sheep, and cows all suggest that maternal nutrition during the earliest days after conception can, according to the embryologist Tom Fleming, "irreversibly" affect postnatal growth and physiology.

Fleming's group at the University of Southampton, for example, fed female rats a special low-protein diet for just four days after mating, which covers the period between fertilization and implantation of the embryo, before reverting to a regular diet. The biological impact of even that brief period of undernutrition was stunning. The developing embryos had fewer embryonic stem cells, fewer placental cells, and significant metabolic disturbances, including reduced insulin levels and elevated glucose levels, than embryos carried by rats fed a regular diet. As a result of this very transient period of maternal undernutrition, the resulting offspring had lower birthweight, a faster growth rate, a tendency to develop high blood pressure, and an abnormal ratio of organ size to body weight compared to the offspring of properly nourished rats. 

"That's a very early event," Barker said, "and this is why it's all so serious. Imagine you're some dieting British girl and you've gotten pregnant by mistake, and the egg is working down the fallopian tube, having been fertilized, and these life-changing decisions are being made [by the embryo]. And they're being made in response to nutrition." Often this occurs before the mother is even aware that she is pregnant.

Important events toward the end of a pregnancy can also affect size, metabolism, possibly obesity, and certainly lifelong health. New evidence has emerged to suggest that poor or dire nutritional conditions during late fetal development educate, or "program," the fetus to expect similar deprivation upon birth. Once this metabolic thermostat is set shortly before birth, the newborn child is ill equipped to adapt to different conditions. According to this theory, a fetus that is programmed to expect skimpy nutrition becomes a child who is physiologically overwhelmed by abundant calories and fats and is therefore more prone to obesity and diabetes. In 2005 Barker and colleagues in Finland published an article in the New England Journal of Medicine that demonstrated the ramifications of prenatal and childhood growth even more. Detailed birth and growth records of males born in a Helsinki hospital between 1934 and 1944 allowed the researchers to show that low-birthweight babies who gain excessive weight between the ages of two and eleven are at particular risk of developing heart disease later in life. Moreover, some of the evidence suggests that the key to the adult onset of this illness derived from the way these children metabolized glucose.

Boys may bear a disproportionate share of the burden of these fetal effects. "The faster growing sex, the boy in humans, is more vulnerable," Barker writes in The Best Start in Life. "Generally in mammals if mothers are in poor condition, their male children are more severely affected...Males are therefore more vulnerable in times of food scarcity. The advantage of large body size when males compete with each other to reproduce are offset by the greater risk of death when food is scarce." 

At first there was considerable resistance to the Barker hypothesis. In some quarters, there still is. Barker told me that the late Oxford epidemiologist Sir Richard Doll walked out on one of Barker's lectures several years ago and that Doll's colleague Richard Peto has expressed considerable skepticism about the hypothesis as well. Barker's critics argue that the link between birthweight and later health is not nearly as statistically robust as has been suggested. But if it's an artifact, it's a very powerful and geographically widespread one. Numerous other scientific groups have duplicated aspects of the Barker hypothesis in Finland, India, Japan, and North America, and as a recent editorial in the British Medical Journal observed, "The importance of events before birth for lifetime health has been confirmed in many populations." And the Harvard Medical School professor Matthew W. Gillman, writing in the New England Journal of Medicine, said, "Mounting evidence ... indicates that events occurring in the earliest stages of human development—even before birth—may influence the occurrence of diabetes, cardiovascular disease, asthmas, cancers, osteoporosis, and neuropsychiatric disorders."

In 1999, for example, Barker and a group of Finnish collaborators showed that low-birthweight infants who experienced "catch-up growth" following birth set themselves up for the later development of coronary heart disease. In 2000, the Barker team, working with a group at the Medical University of South Carolina, found a link between fetal undernutrition and the incidence of kidney failure later in life. In a 2005 study, Barker and British colleagues even suggested a link between an infant's growth and future earning power. Children who were smaller and grew slowly during their first year earned less as adults. As in all such epidemiological studies, these connections are simply correlations—that is, statisticians can detect the association of one event (low birthweight) with another (heart disease as an adult). Conclusions as to cause and effect remain hazy.

Despite the lingering controversy, the Barker hypothesis—now more commonly known as the fetal origins hypothesis—has broadened into a powerful idea that is influencing scientific thought about fundamental aspects of plant and animal behavior. In a recent essay in the journal Nature, Barker and fourteen coauthors—including the respected Newcastle aging expert Tom Kirkwood and the Cambridge ethologist Sir Patrick Bateson—ventured a provocative hypothesis suggesting that a mother's nutritional and metabolic status prior to birth offers a "forecast" of the environment the infant is likely to encounter and that the infant has the capacity to fix metabolic and genetic settings in anticipation of those conditions. It is as if organisms are programmed just before birth to adapt to—that is, take optimal advantage of—the conditions they expect to encounter. If the environment turns out to be different from the forecast, it can affect development and the susceptibility to disease. The British writer David Sharp has boiled down the evolutionary implications to modern argot: "For our hunter-gatherer ancestors there were advantages in having the unborn programmed physiologically for a nutritionally deprived environment, but such preparation works less well when babies grow up in a world with fast-food outlets on every corner." 

Thus maternal gestational conditions may have profound public health implications. In many respects, small size is the least of them. In one Norwegian study, low-birthweight infants who were normal for their gestational age were able to catch up to normal growth curves, but babies who were small for their gestational age did not—suggesting that preterm birth per se is not necessarily an insurmountable hurdle. As James Tanner puts it in his classic book on growth, Fetus into Man, "Leaving the uterus early is not in itself harmful, whereas growing less than normally during a full uterine stay implies pathology of fetus, placenta or mother."

Low birthweight after a normal gestational stay is one of life's first size-related crises. As Tanner implies, the cause may be some chromosomal anomaly in the fetus (although most such anomalies result in spontaneous abortions very early in the pregnancy), a placental abnormality, or a nutritional problem in the mother. In addition to undernutrition, the mother may inflict on her fetus the sad lessons of alcohol consumption and smoking. I was raised with the injunction that smoking would stunt my growth; nobody mentioned that my mother's smoking may also have stunted it. Experts have calculated that a mother who smokes as few as ten cigarettes a day will rob her child of, on average, 180 grams of weight at birth and that this reduction in size will persist throughout childhood. Many children of low birthweight do not catch up with their peers, and a "considerable proportion," according to Tanner, fail to develop the same level of mental ability as normal children. The 2005 Journal of the American Medical Association article on extremely low birthweight grimly lends substance to this fear: 38 percent of low-birthweight babies had an IQ below eighty-five at age eight, nearly three times the rate of normal-size newborns (14 percent). 

Clearly, prenatal care can have a dramatic impact on the height, and health, of a child. In recent times, Swedish babies have been the heaviest in the world: boys have averaged 3.65 kilograms (8 pounds) and girls 3.5 kilograms (7.7 pounds). Can these plump debuts be attributed to the prenatal care and social support networks typical in Scandinavia? Have the Dutch become the tallest people in Europe because of their extensive prenatal and perinatal health care system? David Barker believes that a culture that values good prenatal and postnatal care can prevent the kind of chronic disease predicted by the fetal origins hypothesis. He cites France as an example.

In 1871, following its defeat in the Franco-Prussian War, the French government made an institutional commitment to improve the stock of its military by paying heightened attention to the health of prospective mothers and the proper feeding of infants. This state-sponsored system, known as puericulture, promoted breastfeeding and may be among the principal reasons that France has one of the lowest rates of cardiovascular disease in the Western world despite a diet renowned for its abundance of butter and red meat. Some attribute this "French paradox" to the consumption of red wine. Barker believes that it stems from the long-standing French commitment to excellent prenatal care.





WITH NONE OF this research specifically in mind, my wife and I followed the modern syllabus of good nutrition as an antidote to low birthweight and SGA. Mindy attended all her prenatal visits, took her prenatal vitamins, and ate balanced meals. To the extent possible in a modern, two-worker family, we tried to minimize stress. Although it is not fully appreciated (or celebrated), one of modern medicine's monumental achievements is the knowledge that such modest behavior modification during the nine months of a pregnancy can so positively affect the outcome.

And out, ultimately, he did come. At exactly 11:20 P.M. on the evening of April 2,1998, my son, Alessandro, made his debut. Like the birth of all children, his was an exhilarating exclamation point in a unique family narrative, but one that was superimposed on a very standard progression of biological development. After a relatively brief labor, Dr. Puckett eased Alessandro out into the world. I noted in my journal, "He's a bruiser—eight pounds and eight ounces, broad-shouldered ... thick-haired, wide-faced." The usual Apgar tests were performed to evaluate his physical condition, but the comment that stuck in my mind was the doctor's first assessment of our new family member: "Chunky," he said. 

Chunky.

As I think back now on that deliriously happy moment, I realize that the very first characterization of my son—as is the case with most children—involved his size. That throwaway adjective "chunky" edged right up to the border of being pejorative, and it was uttered within seconds of his delivery, his hair still matted with blood, his eyes still puffy with the effort of squeezing through the birth canal, blinking into the glare of this strange new world, with its instantaneous judgments about appearance.

As he was hustled over to a nearby table to be cleaned off and swaddled in blankets, doctors laid the ruler to him for the very first time. In addition to his weight, we knew instantly that he measured 22 inches in length. His head measured 13¾ inches in diameter, larger even than his chest (13 inches). Thus began, for Sandro as for all children, a lifetime of measurement.

Thus began, too, a lifetime of parental obsession about where he fit on standard growth charts. Long before he was ever conscious of his size relative to others, Mindy and I busied ourselves with the import and implications of his height and weight at birth—and were thrilled with the fact that his early measurements placed him in the ninetieth percentile of growth, where he would stay for some time. Effortlessly, without thinking, we became obsessed with "percentility."

What I did not realize then is that the very notion of percentiles traces its intellectual roots to the man who is known as the father of eugenics and that the growth chart has become a social as well as a medical document—a visualization of our cultural definitions of normality and abnormality. I eventually also realized that although many of us have been conditioned to think that the adolescent spurt is the big bang of human growth, the reality is that, by a long shot, human beings are never growing faster than at the moment they enter the world.



2. "LONGITUDE" AND "PONDUS ABSOLUTUM"

A History of the Growth Chart


Growth is the only evidence of life. 

—JOHN HENRY NEWMAN, Apologia Pro Vita Sua



JIM TANNER PORED over the growth charts of two children that were spread out on the table before him. Even at eighty-four years of age, he cast an authoritative eye over the documents, observing the annual dots marking height and weight, frowning at the paucity of information about the six-year-old boy, lingering over the meager data about the eight-year-old girl, but venturing a tentative—and, to her father, namely me, an unnerving—conclusion.

"We're already seeing that she is going into early adolescence," mused Tanner, peering over his glasses. "Eight and a half—hmmm. Well, probably, probably, it's the beginning. That would be slightly early, but for a takeoff for a girl nowadays? I mean, a bit early. But normal, absolutely." As for the boy, there were only three dots marking his growth trajectory, but that was enough for Tanner to hazard a guess. "If his tempo is somewhere near average," he said, "he will end up at about 182 centimeters." Just shy of six feet.


We were sitting in a one-hundred-year-old coach house in Devonshire, two hours southwest of London by train, and fifteen miles farther, by curving one-lane roads, from the train station in Taunton, the nearest big town. It may seem like a long way to go to ask a doctor to look at children's growth charts, especially when the doctor has been retired for twenty years. But this was no ordinary country doctor. As soon as I discovered his beautifully written and impeccably researched book A History of the Study of Human Growth, I knew that James Mourilyan Tanner was worthy of a pilgrimage. 

The second half of the twentieth century produced a number of outstanding scientists devoted to the biology of human growth. But no one published as much about the subject, wrote as many seminal texts and scholarly histories, defined the onset of puberty so acutely, and pushed the study of height and physical size into so many surprising and provocative cultural corners as Tanner, whose work animates every chapter of this book, just as his career animated virtually every aspect of the biology, psychology, and sociology of growth.

Even in retirement, he remains one of the great experts on a subject about which everyone has firsthand experience yet few people seriously consider. On a more pragmatic level, it is to Tanner and his former colleagues at the University of London that millions of parents the world over owe a silent debt of gratitude, for the British researchers not only created a unique, statistically modern childhood growth chart but also did so in a way that embraced a much more forgiving and flexible definition of normality than many of the growth charts that preceded it—and, alas, many that have followed. The story of this growth chart begins, as all science does, with careful physical measurement. But it ends up making a cultural statement about what is normal and how we should view individuals, especially children, who live on that statistical boundary where normal difference slides into medical abnormality.

"I think the deep, fundamental point in all of this," Tanner said, lingering over the growth charts on the table, "is differences in the rate of maturation. A child who is small at a given age may be so simply because he is a slow maturer. If so, eventually he will complete his growth, and then he will no longer be small. But another child, who is equally small at that given age, may be so despite being of average maturity. And that child will end up as a small adult, unless something is done about it."

***


THE HANDSOME MAN waiting for me on the Taunton train platform was tall (just slightly below his onetime maximum height of six feet, he later allowed) with silver hair, high cheekbones, and eyes bright with wit. He also was unfailingly polite, bristling with energy and expertise. An effortless raconteur, Tanner filled me in on a long family history, which included a facetious aside about war profiteers (in the seventeenth century) and career military service, as he negotiated the narrow country lanes leading to his home, where he lives with his second wife, Gunilla. 

Although he was a founding figure in the field of auxology (the technical name for the study of human growth), it quickly became clear that Tanner was something of an accidental auxologist. Born in 1920, the son of a career army officer, he grew up partly in Egypt and China before the family returned to England. He attended Marlborough, a private boys' school, where he excelled in athletics. In 1939 he was the British junior champion in the 110-meter hurdles. "I was on the Olympic training team," he said, "but we got knocked out by the war." While at Marlborough, he attended a lecture by D'Arcy Thompson, whose book On Growth and Form is one of the touchstone texts of growth science.

The first step in the direction of Tanner's eventual career as an expert in human growth began as an act of familial rebellion. Tanner was being groomed for a career in the military—his father wanted him to study mathematics and engineering in the army. But then his older brother, who had been "dragooned" into the navy, died during the frenzied retreat of the British Expeditionary Force at Dunkirk in 1940, and Tanner lost all interest in pursuing a career in the army. "I said I wouldn't do it," he recalled. "I couldn't do it, couldn't spend my life like that. I wanted to be a doctor."

He attended St. Mary's School of Medicine in London on something like an athletic scholarship, having agreed to train his fellow medical students in physical education in exchange for tuition. During the war, as London was pulverized by German bombs, the Rockefeller Foundation invited a handful of gifted British medical students to the United States to complete their studies. Tanner was among them, receiving his medical degree from the University of Pennsylvania and completing his internship at Johns Hopkins. He told a medical school interviewer that he hoped to conduct research in an area where "biology, psychology, and sociology meet." That turned out to be a perfect description of the way Tanner went about the study of human growth.


In 1946 Tanner took a job in the Department of Human Anatomy at Oxford, having completed his medical studies the previous year in London. At Oxford he quickly made the acquaintance of a future Nobel laureate, Sir Peter Medawar, in a rather audacious manner. He dropped a note to the notoriously arrogant Medawar, pointing out a mistake he had made about the biology of growth in one of his papers. It may have been one of the few times Medawar stood corrected, and they became fast friends. 

Tanner's interest in athletics led to his initial foray into the subject of growth. He became fascinated with "somatotyping," assessing human body shape and size. In the late 1940s, he had begun to realize the importance of the shape of bodies (and their component parts) while investigating human cardiovascular physiology. Sir Wilfred Le Gros Clark, an Oxford professor, seized on this interest, requiring Tanner "to give a course, not only in differences in adult physique, but in how they came about during the growing period." That work actually nudged Tanner backward scientifically, from the final product of size to the process of growth that created it in the first place. Remarkably, there had been no formal biology of human growth at the time in England, no scientific discipline devoted to its study.

In 1948 E. R. Bransby, a nutritionist in Britain's Ministry of Health, needed a collaborator for a scientific study of childhood growth. The National Children's Home in Harpenden had been the site of a grim wartime study on childhood nutrition, occasioned by the realities of food rationing during the war. Bransby, the nutritionist who ran that project, realized that the data could be very important if someone continued a long-term study of the undernourished children and followed their growth. As Tanner himself later put it, "Few people in England were interested in human growth, however, and Bransby had to find somebody to run his study." Tanner, who had only recently begun to lecture on growth at Oxford, "was the obvious, indeed only, candidate." He agreed to take on the project, without pay. It is no exaggeration to say that the modern growth chart began to take shape in Harpenden, a small town about thirty miles north of London, and that the research Tanner conducted on pubertal development in those children still reverberates in virtually every clinic throughout the world where primary care medicine is practiced today.


Large, school-based studies of childhood growth had become all the rage in the United States, and Tanner began by making an extended tour of North America, visiting the sites of all the major American studies and consulting with the leading experts. He also began to familiarize himself with the fascinating history of human measurement stretching back to the eighteenth century. By the time Tanner completed this preliminary round of background research, he realized that the study of growth could hold up a fantastic mirror to the scientific, psychological, and sociological aspirations of a society. 

The growth chart, a document 250 years in the making, reflects in sequence the Enlightenment's zeal for scientific measurement; the birth of modern statistics; the use of measurement to promote eugenics in the late nineteenth century; the culture wars between nature and nurture in the early twentieth century; the social definition of normal (or abnormal) height; and the increasing influence of commerce on the practice of medicine. In other words, the growth chart, while attempting to crystallize timeless truths about childhood development, has all too often been shaped by its times.





UPON THE BIRTH of his son in 1759, a French nobleman named Philibert Guéneau de Montbeillard did something that countless parents have been inspired to do with whatever implement lies at hand. He began to take regular measurements of his son's height.

In doing so, Montbeillard launched a long, multicentury journey on the path toward a more perfect growth chart. He was one of those adventuresome Enlightenment spirits who understood that bravery was not limited to battlefield valor and athletic heroism. In fact, decades before Edward Jenner, Montbeillard exposed his son, with "trembling hand," to variolation, a primitive but often successful form of vaccination against smallpox. It's a pity he couldn't have inoculated his son against the political contagions of the time as well. The young man ultimately lost his life to the guillotine, on orders from Robespierre.

Despite that tragic end, the young Montbeillard left a profound legacy to the field of human growth, for his well-documented growth curve is now recognized as the first scientific study of its kind. Every six months (with a few occasional gaps) from birth to adulthood, Montbeillard measured his son—first as pediatricians do today, while the child lay supine on a table, and later by making extremely careful vertical measurements as he was standing. The child was, in a sense, almost off the charts even as the chart was being invented. By recent standards, Montbeillard's son would rank above the ninety-seventh percentile in height. The reason that Montbeillard's experiment is viewed as having such historic significance by modern growth experts is his method: the frequent and sequential measurement of the same growing body. 

What makes the data from this dilettante experiment so powerful is that it captured what modern growth experts recognize as the single most important aspect of growth: not the sheer vertical accumulation of height, whether plotted with scientific precision on graph paper or inscribed with pencil marks on a door frame, but rather the rate, or velocity, of growth. That can be gauged only by comparing frequent, accurate measurements of the same body as it grows over time—precisely what Montbeillard had the time, patience, and curiosity to do. These serial measurements of the same body over many years, when collected for a number of growing girls and boys, form a longitudinal study. Such studies are especially crucial to understanding normal variations in growth; therefore, they are, in a larger cultural sense, crucial to understanding what is normal and what is not.

Montbeillard's study of his son was first published in 1777, but, like many scientific studies, it was destined to become a lifeless column of numbers on an increasingly yellowed and brittle page, awaiting some trick of visualization to bring the measurements back to life. That moment did not come for 150 years.

In 1927 an expert in fetal anatomy at the University of Minnesota named Richard Scammon rediscovered Montbeillard's raw data, converted them to metric measurements, and plotted them as a graph of height versus age. Several years later, D'Arcy Thompson—who lectured at Tanner's school and whom the evolutionary biologist Stephen Jay Gould later described as "perhaps the greatest polymath of our century"—plotted the numbers as a growth velocity chart. This chart showed the periods of maximum growth during the life of Montbeillard's son, which happen to mirror the two most prominent growth peaks of every normal boy. One peak occurs during the first two years of life, when growth is most rapid, and the other occurs during the adolescent growth spurt (which for Montbeillard's son began around age fourteen). During his pubertal spurt, the young Montbeillard shot up 12.1 centimeters (about 5 inches) per year and 31 centimeters (more than a foot) during the entire spurt. This simple growth velocity chart has become an iconic image among scientists who study human growth. 

On its own, Montbeillard's interest in his son's growth qualified as little more than parental idiosyncrasy. Within a century, however, the convergence of growth science, such as it was, and parental obsession, such as it was to become, propelled the research along. By 1876, for example, the British physician Percy Boulton issued the marching orders for generations of parents and their balking offspring when he wrote, "If parents would once a year have the children weighed and measured by a competent person, they would frequently gain information which would be of the utmost prospective value. They would detect at an early age irregularities of development which would act as danger signals to give warning of approaching mischief, for arrest of growth, whether in latitude or longitude, is one of the earliest appreciable signs of disease." The intent of measurement, therefore, was always to use growth as a harbinger of health. It has only been during our increasingly self-conscious times that height has become burdened with unusually heavy social and psychological baggage as well.





CHRISTIAN WIENER, WHO taught "descriptive geometry and graphical statics" at the Technical High School in Karlsruhe, Germany, matched Montbeillard in parental zeal, if not elegance. He seems to have greeted the birth of each of his four sons with a ruler. Beginning in 1856, he took it upon himself to measure each of them at least once a year, often much more frequently, sometimes twice a day, and in one instance up to the age of thirty-three. His youngest son was measured eighty-nine times.

The increasing attention to the size of children set the stage for a more scientific snapshot of the growth process. The aim, Tanner writes, was not to determine tallness or dominance or percentiles per se. "Always," he observes, "the question was the same: what is the probability that this particular child belongs to the motley army of normal children, of so many shapes and sizes; and what the probability that he belongs to another battalion altogether, the company of the sick?"

That sounds like a straightforward question, and yet it wasn't until the mid-eighteenth century that doctors felt any need at all to keep track of the height and weight of children. As was so often the case in early scientific revolutions, the guinea pigs for this effort were the poor, the disadvantaged, and the orphans. In the 1750s, Christian Friedrich Jampert began to measure children at the Friedrichshospital in Berlin, otherwise known as the Royal Orphanage, in what is credited as the first effort to compile a table of growth measurements of humans. The "children" ranged in age from one to twenty-five years, and a bit of folkloric whimsy informed the regimen by which they were measured. "I began the experiments in springtime," Jampert wrote, "soon after Easter of this year, when the tissues were neither constricted by cold nor yet made turgid by heat." He measured the children every day, "two hours before mealtime." Jampert recorded height as "Longitude" and weight as "Pondus absolutum." Published in 1754, this table was the first tentative growth chart for a group of children. 

Jampert's study, though justifiably celebrated as pioneering, was also notable for other, less admirable reasons. It inadvertently advertised the dangers of amateur science. True, he was the first to discern from actual measurement a fundamental truth about human growth: that there is enormous variation from one individual to the next. As he put it, "The amount of growth varies greatly in different subjects." But he also committed the gravest of scientific sins, sullying this essential insight by throwing out some of the data that didn't fit his preconceived notions of normality. His table of measurements did not accurately portray the true range of variation because, as he admitted, "in those [measurements] left out, the deviation was greater."

In the same year of 1754, J. G. Roederer initiated an equally momentous medical practice: he started to record the weight and length of every newborn in the obstetrical clinic in Gottingen, Germany. Though technically not a growth chart since it was limited to babies, the information's avowed purpose was squarely aligned with the emerging aim of all growth charts: to look for anomalies of growth that might signal serious health problems. It is no accident that these first systematic attempts at widespread measurement occurred primarily in Germany. The mania for quantification that emerged in eighteenth-century Europe was particularly intense in German academic centers. Over the next 250 years, this mania would spawn massive childhood growth surveys, which began in Germany, England, and France, later spread to America in the late nineteenth and early twentieth centuries, and finally reached an apex of statistical sophistication in England in the post-World War II era. 





TO CREATE A growth chart, data from a specific population have to be collected, and then those measurements need to be shaped, sanded, and, as the experts say, smoothed by statistical techniques. Although hundreds of researchers (and tens of thousands of children who stood straight and tall while being measured) worked to create the document that parents examine in the pediatrician's office today, several notable figures stand out.

One of them is Adolphe Quetelet, a Belgian prodigy with the mind of a mathematician and the soul of an artist. Born in 1796, Quetelet had great personal flair: he moved in the salon life of Paris; discussed the statistics of growth with his idol, Johann Wolfgang von Goethe; and is credited by some as being the person who invented the concept of crime statistics. Beyond all those considerable achievements, he flung himself into a rather quixotic mathematical mission: to determine the mean (average) measurement of human proportions, in the belief that those numbers represented an ideal of human beauty. (His notion of I'homme moyen, loosely translated as "the average man," had an enormous impact on cultural perceptions of body image at the time.) But his greatest contribution to the study of growth grew out of his realization that variation in the height of human beings seemed to follow, of all improbable things, the same rules as variation in the observations of stars made by astronomers.

During the 1820s, while visiting Paris, Quetelet became familiar with a revolution in mathematics advanced by Carl Friedrich Gauss and Pierre-Simon Laplace. These mathematicians helped launch the science of statistics and were responsible for what is popularly known as the bell curve. Gauss, a German, and Laplace, a French astronomer and mathematician, developed a mathematical law to account for errors in astronomical measurements. This law, initially known as the law of errors and now more commonly referred to as a Gaussian distribution, was based on the scientists' observation that in any series of astronomical measurements, the bulk of the numbers would crowd around the middle, but there would always be a few outlying measurements. This phenomenon could be depicted as a curve, which took the shape of an inverted U, or a bell. The deviation, or likelihood of error, increased as the measurements got farther from the peak of the bell, or the mean, and the reliability of those measurements diminished accordingly. 

Quetelet tailored this mathematical law to the measure of man: he was the first to realize that the bell curve applied not just to the luminosity of heavenly bodies but also to the height and weight of mortal human bodies. In 1831, in the midst of his astronomical observations, he decided to conduct a survey of children's heights and realized that the variation in these heights at each age could be plotted in a curve that abided by the law of errors. Everything that informs current pediatric decisions and thinking about growth—what is normal, what is medically worrisome, what might justify the use of treatments such as human growth hormone—derives from this fantastically improbable insight.

Quetelet's growth survey was the first to be considered cross-sectional. Put simply, this means that in a population of children, he took all the five-year-olds, for example, averaged their measurements, and then plotted the mean height for age five on a chart. Next he measured all the six-year-olds, averaged their heights, and plotted that point on a chart. By averaging the heights of children at various ages and then plotting them all out, he created a growth chart based on the measurements of many children without having to follow each child for many years. This suggests one of the advantages of using cross-sectional data: Quetelet had his chart in one year, while it took Montbeillard eighteen years to compile his.

These distinctions profoundly influence what is considered a normal size at any stage of a child's growth. Cross-sectional studies tend to flatten the curves and constrain the range of "normality"; longitudinal studies tend to reflect more accurately the growth curves of real children. Fifty years after Quetelet published his first cross-sectional growth chart, the British surgeon Charles Roberts, a leading expert on growth, seized on this distinction, criticizing Quetelet's emphasis on "mere averages" and arguing that it was variation around the mean that was truly important in human growth. One of the examples Roberts used in making this argument is as relevant to children today as it was more than a century ago. If you took two "average" schoolboys in England and compared the difference in their average height between thirteen and a half and fourteen and a half years of age, he noted, it would be rather modest—about two inches. Yet that modest difference masked huge variations, as the difference between the tallest boy and the shortest boy in that age span was twenty inches—nearly two feet! 

Some of these technical issues began to resolve by the late nineteenth century, and every modern parent who has fretted or exulted over a child's percentile on the growth chart has none other than Francis Galton, the father of eugenics, to thank. Not only did Galton invent the idea of percentiles as a way of organizing and presenting growth data on charts, but he also invented much of the equipment to conduct the measurements, including the stadiometer, the device used to measure height.

Galton flung himself into human measurement as only a bright and resourceful zealot could. He helped establish a society for anthropometrics—the formal measurement of human beings—as a section of the British Society for the Advancement of Science. In the 1870s, he doggedly sought to rouse enthusiasm for a height survey of British schoolboys, sending appeals to countless schools. Interestingly, only a handful, including Marlborough—Tanner's alma mater—expressed even mild interest. When that failed, he contrived to show up at the International Health Exhibition in London in 1884 with a thirty-six-foot-long Anthropometric Laboratory, where visitors could pay threepence to have their sitting and standing heights, along with many other bodily dimensions, measured. When the examination was finished, the person received a card with the results, and Galton gleefully pocketed a copy for his own research. By the time the fair closed, Galton possessed 150,000 physical measurements on 10,000 people. The analysis of this database led directly to the fundamental vocabulary of the growth chart.

For readers of this book, Galton's most enduring and influential contribution was a single word in the vocabulary of growth: "percentile." Using the measurements from the London exhibition, he was the first to recast the law of errors as a series of percentages on a chart. If a boy's height placed him in the ninetieth percentile, it was a statistical way of saying that he was smaller than 10 percent of all the boys who were the same age; similarly, a boy in the tenth percentile was smaller than 90 percent of his immediate peers. This is not, incidentally, the vocabulary that doctors, scientists, and drug regulators always adopt when talking to one another about height. Instead, they often speak of standard deviations, or SDs. Percentiles and standard deviations translate easily back and forth, but SDs are a difficult concept for many parents to grasp.


It would be fair to say that Galton's single-minded focus on anthropometrics pushed human measurement beyond mere science and into the realm of cultural signifier. He injected a creepy kind of nationalism into the childhood measuring campaigns then sweeping Europe and North America. In 1873, when Galton first asked the Anthropological Institute in Britain to sponsor a program of body measurements in British schools, he wrote: "We do not know whether the general physique of the nation remains year after year at the same level, or whether it is distinctly deteriorating or advancing in any respects. Still less are we able to ascertain how we stand in comparison with other nations, because the necessary statistical facts are, speaking generally, as deficient with them as with ourselves." 

This formal concern with measurement and comparison nationalized an aspect of childhood identity that formerly was personal, and almost idiosyncratic. In terms of the science of growth, it marked a point of no return. Galton's passion for comparison soon extended to ethnicity and class. He advocated stratified sampling of children—that is, comparing different social classes by height. To modern ears, this may sound like eugenics at its worst, where genetic "deviation" would be identified and categorized according to ethnic and socioeconomic background. In fact, as we'll learn in several chapters on modern anthropometry, it has had exactly the opposite effect. Carefully conducted modern height surveys—in which a population, not an individual, is studied—reveal how significant a role nurture, or environment, plays in modifying the effect of nature, or genes.

Profound as its impact has been, the percentile is not as important as the original Montbeillard data. If a child's growth curve more or less fits the contours of these data—that is, if he or she continues to grow along the same general lines as that eighteenth-century example—the child is probably perfectly healthy. In Tanner's view, percentiles offer "a simple and clear statement of the chances of a given child belonging to the normal group," and in the nineteenth and early twentieth centuries the idea was adapted to large surveys undertaken in North America, notably in Boston by Henry Bowditch, in Iowa, and in California.

But there was still one missing element to make a growth chart truly meaningful. It would be discovered by a scientist who is almost never associated with the subject of growth but who forever changed our understanding of it. This scientist was, as one writer observed, "small in stature but formidably intense." 





IN AUGUST 1888, the fateful intersection of human stature and human psychology began to unfold on a train traveling from New York to Ohio. One of the passengers was a wild-eyed, bearded physical anthropologist named Franz Boas, who was on his way to the annual meeting of the American Association for the Advancement of Science. Along the way, Boas struck up a conversation with the man sitting next to him on the train, one G. Stanley Hall.

The name may not resonate with modern readers, but it would have rung a bell in the late nineteenth century, for Hall was known as "the father of child study in America." Trained in Europe, he had set up the first psychology department at an American university, at Johns Hopkins, and was the first person to invite Sigmund Freud to lecture in the United States. "His vast domain was the unplumbed depths of the child psyche, in which he believed lay the 'soul of the race,' the secrets of growth," writes Ann Hulbert in her history of child-rearing advice. Hall had just taken a position as president and professor of psychology at the newly established Clark University in Worcester, Massachusetts. According to Tanner, Hall was "a firm champion of the view that psychology must be based on fundamental biological concepts and that the first thing in education was to understand the manner of growth of the body and the brain of the child."

Boas, for his part, typified the roaring and rigorous scientific mindset coming out of Europe. Trained by the great German pathologist Rudolf Virchow, he brought passion, precision, and social conscience to the study of cultures. He was particularly expert in languages, folklore, and cultural differences. Boas was working at the journal Science, but by the time the train pulled into Cleveland, Hall had raised the possibility of a job in the Division of Anthropology at Clark, which fell within the psychology department, and Boas quite accidentally stumbled into the field of human growth. His first paper on growth appeared in Science in 1892; his last, in 1941.

Shortly after arriving in Worcester, Boas began a major longitudinal study of childhood growth in local schools—believed to be the first in North America. Longitudinal studies were difficult, expensive, and prone to bureaucratic failure, for they required researchers to follow the same children year after year, from early childhood to the end of puberty. In Worcester, the problems were also political: local newspapers attacked Boas personally and questioned the need for schoolchildren to "have their anatomies felt of and the various portions of their bodies measured for no reason established in science." For the Worcester study, begun in May 1891, Boas took an ambitious battery of measurements: not just height and weight, but also sitting height, forearm length, hand breadth, and head length and breadth. Like many longitudinal studies, this one was ill-fated. A year after it commenced, Boas quit his professorship at Clark, in part to take a job heading anthropological exhibits for the World's Columbian Exposition of 1893 in Chicago. In this new position, he spearheaded the physical measurement of Native Americans and other ethnic groups, producing height data that continue to reverberate more than a century later (see chapter 14). Boas and his colleague Clark Wissler published some of the Worcester results as late as 1906, so despite leaving Clark University, he managed to keep a hand in this pioneering growth study. 

Boas's great accomplishment was to grasp, probably in his initial study, the crucial importance of the "tempo of growth." "Though he couched it in obscure prose and almost impenetrable algebra," Tanner writes, Boas understood that pubertal growth acceleration happens at different times in different children, and that this variation in timing wreaks havoc with the normal way of plotting cross-sectional data on a growth chart. Early maturers skew the growth curve distributions toward a younger age. When these early maturers later slow down (again prematurely), they yank the curve in the opposite direction. Put more colloquially, the picture of normal growth that any growth chart hopes to capture is inevitably warped in two directions by what is known as sampling bias, just as a child's appearance can be distorted by a warped funhouse mirror. As early as 1897, Boas wrote that "young children grow more uniformly than older children. The increase in variability [of growth rate] is very great during the years of adolescence ... this increase must be considered due to the effects of retardation and acceleration."

Factoring in each individual's tempo of growth is crucial because it defines, amid that thicket of percentiles and blizzard of dots, what falls inside and outside the normal range. "He found that the shorter children grew less than the taller in the years before adolescence," Tanner notes.



But during adolescence the shorter grew more; that is, they continued to grow at a time when the taller were stopping. He thus demonstrated for the first time the relative independence of final adult height and the speed with which it is reached. He overplayed his hand, perhaps, in concluding that "small children are throughout their period of growth retarded in development, and smallness at any given period as compared to the average must in most cases be interpreted as due to slowness of development." 



Tanner adds, "But he felt himself to be championing the cause of the late developer, and he never lost interest in the subject, returning to it in his very last paper on growth, published in 1941."

If that were Boas's only contribution to the study of growth, it would nonetheless qualify as seminal. But he did much more. As head of physical anthropology for the Chicago exposition, Boas produced the first national standards for height and weight of North American children. He and F. W. Putnam, another major figure in early growth studies, developed a plan to plot definitively the growth and development of American children. By combining measurements from new and existing school studies in Oakland, Toronto, Boston, St. Louis, Milwaukee, and Worcester, the researchers achieved a sample size encompassing an astounding ninety thousand children between five and eighteen years of age. Published in 1898 in the Report of the U.S. Commissioner of Education, these standards for height represent the first attempt at a national growth chart for American children.

Boas then pushed the study of growth into uncharted cultural and socioeconomic waters. He investigated the tempo of growth among different nationalities and occupational classes, concluding that accelerated or retarded growth creates greater differences in the beginning of adolescence than in the last years of growth. Earlier than perhaps any other researcher in the field, Boas realized how straightforward measurement of the human body, despite its reasonable scientific intentions and its presumed scientific objectivity, could lead to considerable cultural mischief. By 1896, when Boas began joint affiliations with the American Museum of Natural History and Columbia University, his interests had evolved toward studying the influence of environment and heredity on body form. His study for the U.S. Immigration Commission, begun in 1908, was ostensibly intended to see if the recent influx of immigrants had created a diminution of the physique of the American population, but it turned into a study of enormous scientific and cultural impact. Boas and his group measured nearly eighteen thousand immigrants and their American-born children—not just height and weight, but head length, head breadth, and other inferential markers of brain size, otherwise known as the cephalic index. All were from New York, and about a third were twenty-five years of age or older, but the majority were children. The original results were published in 1912 as "Changes in Bodily Form of Descendants of Immigrants." 

Coming so soon after Galton, the title alone unleashed a rumble of sociological thunder that would reverberate all through a century of racism, eugenics, and, by extension, genetic determinism. If immigrant body forms changed from generation to generation, as Boas claimed, it was not simply, or even predominantly, a preordained story written by genes, but rather one in which the environment was coauthor, with significant input and influence. Tanner emphasizes how a study of physical size could strike at the heart of cultural prejudice. "Boas's findings, that stature was a little greater in children growing up in America and that head length and breadth were a few millimeters more, would scarcely be regarded as surprising nowadays," Tanner writes. "But anthropologists of the time had astonishing belief in the fixity of what they called human types or races, and when Boas showed that even the central tabernacle of the doctrine—the cephalic index—was built on sand they chorused their displeasure and disbelief."

Nearly one hundred years ago, Boas saw, in seemingly mundane human measurements such as height and weight, compelling evidence that the environment has a much louder voice in the physical size of humans than the eugenicists would have it. The tremendous arc of this insight will become apparent as we continue to recount the story of growth. Recent studies have confirmed, to a surprising, if not shocking, degree, how much environment shapes the size we become, the hormones we make, the personalities we adopt, and the behaviors that typify our adult existence—how much it empowers, or undermines, our genetic potential.

At age seventy-two, after a long hiatus, Boas returned to the issue of human growth in 1930. He was particularly intent on studying the relationship between adult height and the growth spurt. To explore this question, he used height data collected at a number of prestigious schools, including the Horace Mann School, Ethical Culture Schools, and City College of New York. In the papers that emerged, Boas demonstrated that, on average, boys who experienced an early adolescent growth spurt "were already taller by age eleven, but not necessarily taller when adult stature was achieved." In 1935 he added that "each individual has by heredity a certain tempo of development that may be modified by outer conditions." The internal metronome that sets this tempo remains a mystery to this day, but its biological rhythm very much determines the psychological tune we whistle during adolescence and probably well into adulthood. 

Two other American scientists had stumbled upon the central importance of tempo of growth, and Tanner paid both a visit during his North American tour. The first was Frank Shuttleworth, a researcher at Harvard who had compiled an early longitudinal study of growth that for many years was the standard reference in textbooks. The other was Nancy Bayley, a visionary psychologist at the University of California. In 1928 Bayley had been recruited to head the landmark Berkeley Growth Study, a small but influential longitudinal study that reflected her interest in mental and psychological maturation. With Boas, she was one of the earliest scientists to suspect that variations in tempo of growth affected emotional and mental development, and that growth during adolescence in particular had profound social and psychological ramifications.

One of the biggest surprises to Tanner was that the work of Boas, Shuttleworth, and Bayley seemed to have been ignored by a new generation of growth experts in the United States. Yet everything he had learned in his research confirmed the primacy of growth velocity and the value of longitudinal study. As he later put it, the rate of growth "reflects what is happening now; size, or, as we might call it, distance traveled, reflects too much the events of the past."

By the time he returned to England, Tanner had a very good idea of the kind of growth science he wanted to do. It would pay keen attention to variations in growth tempo and it would be based on longitudinal data. But it would aspire to something more. In creating "growth standards," Tanner and his colleagues sought nothing less than to guide the optimal growth of children. This chart was intended to suggest the best possible trajectory of human growth and could be applied to individual children. ("Reference" charts, such as the current Centers for Disease Control-developed growth charts in the United States, by contrast, simply offer comparisons to how other children of the same age and gender are growing. They show growth patterns for groups of children, but are not intended for individuals.) The resulting chart would set the first major postwar growth standards using modern statistical techniques. 





IN THE AUTUMN of 1948, after moving back to London, Tanner tackled the Harpenden Growth Study in earnest. He started by taking on an assistant, nine years his senior, named Reginald H. Whitehouse. "Innocent of any academic training," as Tanner put it, Whitehouse possessed a qualification perhaps even more useful when it came to keeping dozens of squirming, recalcitrant children under control: he'd been in the army and had served in the Royal Army Medical Corps. Although Tanner received no pay for his Harpenden work, he insisted that Whitehouse receive a salary. "I knew how important this guy was going to be in my life for a while," he told me. As a legendary "hyphenate," Tanner-Whitehouse generated seminal growth studies for decades.

The famously productive collaboration continued until Whitehouse's retirement in 1976. The two men ran the Harpenden Growth Study together, first out of a basement office at St. Thomas's Hospital Medical School and then from the newly formed Institute of Child Health at the University of London. Even then, Tanner pursued a remarkably broad attack on the study of growth. While conducting the Harpenden study, he organized a biochemical group to pursue the biology of what is now known as insulin-like growth factor-1; a group of statisticians developed new ways to handle longitudinal growth measurements; a clinical arm at the Hospital of Sick Children studied illnesses related to growth; and there was even an ethology team, studying maternal and child behavior in a colony of macaques maintained on the roof of the Institute of Child Health. "He dealt with childhood growth from the level of molecules to the final product," recalled Noel Cameron, who trained under Tanner during the 1970s.

At Harpenden, Tanner and Whitehouse measured height; sitting height; hip, shoulder, elbow, and knee width; circumference of upper arms, calves, and thighs; foot length; weight; and four skinfolds. The measuring team took measurements every six months (increased to every three months during puberty). They followed many of the children until their growth ceased. All the participants were orphans, either at birth or because of family breakups, and came primarily from working-class or lower-middle-class backgrounds. "Every measurement on every child on every occasion was done by Whitehouse, a robust man," Tanner noted. A picture of Whitehouse in Tanner's  History of the Study of Human Growth shows a bespectacled, sharp-nosed, dark-haired man with long sideburns who, even in profile, bristles with the peremptory no-nonsense bearing of a military officer. Whitehouse designed a whole new armamentarium of precise measuring instruments, including the Harpenden anthropometer with a digital readout, the Tanner/Whitehouse skinfold caliper, and the Harpenden stadiometer to measure height. (They are still manufactured and sold today by the Welsh company Holtain.) X-rays of arms, calves, and thighs also were taken, for growth experts such as Nancy Bayley had shown that the maturation of the skeleton (or bone age) offered a far more precise metric of developmental stage than a child's age.

All this attention to the mechanics of physical measurement may seem trivial, but it is not. Tanner correctly suspected in the 1940s—and it has been reiterated in studies that have come out as recently as 2004—that it is exceedingly difficult to measure a growing human body accurately. This seemingly simple procedure is prone to great error. Pediatricians, who do most of the measuring, rarely receive specialized training in how to do it well, and the standard equipment in most doctors' offices often looks like war surplus. The errors that occur when doctors attempt to assess the rate of growth are particularly insidious because this assessment requires at least two measurements and therefore introduces two margins of error. The inability to measure height correctly can have significant clinical consequences. A study by Linda Voss of the Wessex Growth Study in England documented the ease with which errors in pediatric measurements can occur, and researchers at Children's Hospital of Philadelphia recently suggested that inaccurate measurements were the norm, not the exception, in most family practices. To this day, half a century later, the Harpenden measurements are considered a model of their kind.

Ultimately, some 450 boys and 260 girls lined up to be measured (85 boys and 48 girls were followed for ten years). Later, Tanner and his colleagues at the Institute of Child Health incorporated data from several other longitudinal growth studies in Europe to create an unusual "tempo-conditional" growth chart, first published in 1966. Unlike the cross-sectional charts currently in use in the United States, the British charts featured three separate sets of growth trajectories, each with its own percentiles, to show early, average, and late maturation in both boys and girls. Tanner showed me one of these charts when I visited him in Devonshire, and it was remarkable. One set of curves, in red, showed early maturation, with its own array of percentiles, for boys. The same chart had a second set of curves, in black, showing "on-time" maturation. And there was also a third set, in green, showing late maturation. Each set of growth curves had its one hundred percentiles, and although the main percentile lines (twenty-fifth, fiftieth, seventy-fifth, and so on) were very close together at age two, when rate of maturation is less of an issue, the lines began to separate around the time of puberty. "There are more ways of being normal than are shown here," Tanner said, nodding at the American-style charts I had brought. 

The difference is not terribly significant for the vast majority of children, who are measured by their family doctors and who fall within the normal range. But in cases of extreme shortness, especially around the time of adolescence, cross-sectional charts can give a misleading impression of an individual's growth. "He's absolutely right about the limitations of cross-sectional charts," said Alan D. Rogol, a growth expert in Charlottesville, Virginia. "You mush things together when you make a growth curve for a population." This may sound like a technical quibble, but speaking not as a science writer but as a onetime shrimp, I would argue that it is much more than that. Even if it were an illusion and had no bearing on my particular growth trajectory, I would have found great psychological comfort in looking at one of those charts when I was an adolescent. The fact that even late maturers came back to the normal range in such a graphic and unambiguous fashion wouldn't have changed the misery I felt at the moment, but it would have suggested that the moment wouldn't last forever. I discovered that some prominent American growth doctors still use the Tanner curves, even though they're reduced to using photocopies now. "Those charts are wonderful," said Leslie Plotnick of Johns Hopkins School of Medicine.

During the period when most baby boomers grew up, from the 1940s through the 1960s, there was no official national growth chart. Much of the United States and the world used a chart developed at Harvard in the 1930s, which was based on a population of children raised in Boston. Only in the 1970s did the U.S. government prepare national reference charts, which were based on growth studies done by the Fels Longitudinal Study in Ohio (birth to age two) and on a cross-sectional survey organized by the National Center for Health Statistics. That chart was issued by the federal Centers for Disease Control (CDC) in 1977. 

Tanner has made the point many times that most growth charts created before the 1960s failed to incorporate Boas's insight about tempo of growth, with all its scientific, medical, and even psychological implications for normality. The inclusion of tempo only became formalized with the British charts beginning in 1966 and was later adapted for international use. It should be added that growth charts are not cast in stone. They are like dialects—local, evolving, understandable only within a given population, and difficult to translate outside the confines of that population. They must be updated periodically, especially since there has been what growth experts call a "secular trend"—a trend toward greater average height—in most Western and industrial societies over the past century.

The growth chart has, of course, undergone much revision and updating since the 1960s—but not always, in Tanner's opinion, for the better. He has been particularly critical of the cross-sectional data on which the first national growth chart in the United States, issued in 1977, was based. Other scientists have agreed with his assessment. Although the World Health Organization (WHO) adopted the American chart for international use, there was considerable grumbling in the scientific community. Mercedes de Onis, who now heads WHO's growth department, coauthored several papers in the 1990s criticizing the cross-sectional chart for several methodological shortcomings, including the fact that they were based on homogeneous socioeconomic populations. Some of these problems were addressed when the U.S. Centers for Disease Control issued an updated set of charts in 2000, but these also are based on cross-sectional data and have been criticized by the international community for, among other things, not taking the mother's nutritional strategy (breast-feeding versus bottle-feeding in the early months and years of a child's life) into account. The larger point, according to Noel Cameron, now a growth expert at the University of Loughborough in England, is that "cross-sectional charts should be used for groups of children, not individual children. Most people don't understand that this is not how an individual grows."





THE GROWTH CHART is also a cultural document, and one of recent vintage. Since the first modern British charts came out only in the 1960s, and the first U.S. national charts appeared only in 1977, it's really been little more than a generation of parents who have been drawn into the vortex of its scientific version of normality. But we linger on its implications, instantly sensitive to the way it positions our children amid the great mass of humanity. 

Although the growth chart may seem like an innocuous, even indecipherable piece of paper to many parents, the way its data are collected, presented, and interpreted can have huge implications for families. A cross-sectional chart, like the one currently used in the United States, is less forgiving of normal variation than a Tanner-style chart, which makes clear that glaring discrepancies in size during adolescence largely resolve by the time growth is completed. Moreover, if early growth is as important as the Barker hypothesis suggests, current charts based on formula-fed infants may provide a misleading picture of healthy growth. Finally, the merciless one-size-fits-all nature of cross-sectional charts can instill a lasting fear of deviation, in both children and parents, about a temporary biological situation. Attaching a number to parental anxieties about a child's size may make height more of an issue than it might otherwise be.

Tanner saw this firsthand in the 1980s. He was a member of the British committee responsible for choosing a small number of children in Britain who would qualify for treatment with hGH, which at the time was in exceedingly short supply because it could only be harvested from human cadavers. When several patients in the United States and Britain died in 1985 from a rare infectious brain disease spread by the hormone, therapy was immediately suspended. But not all families agreed with the decision to suspend treatment. "Some parents, amazingly, said, 'We'll take the risk,'" Tanner told me. "And I said, 'Yeah? For an inch, two inches?' And the parents said, 'Yeah.' We didn't accede, of course, but that's in the context of how terribly important they thought height was."

Other growth experts acknowledge the cultural message embedded in the cross-sectional charts' narrower curves. David Sandberg, a psychologist at the University of Buffalo who has studied the psychology of short stature, told me, "It [the cross-sectional chart] certainly affects in a fundamental way how we think about growth. Without using longitudinal charts, it gives the impression that so many kids are doing poorly ... So many of the kids that concern is expressed over are in all likelihood just these normal late maturers."


David B. Allen, a pediatric endocrinologist at the University of Wisconsin, almost pined for the Tanner-style charts. "I think it would be helpful in pediatricians' offices and things like that if we used those kinds of growth curves," he said, "the kind that had the early developer and the late developer, and getting the lines on there. You don't get any sense of this dimension [the time axis] on the growth curve right now, in terms of what's the time that's required for normal children to finish their growth, and it makes it look like everybody's going through puberty at exactly the same time. So it's misleading." 

If anyone still believes that the growth chart is a scientifically neutral table of numbers—independent of social or cultural, or even commercial, pressures—consider this recent development. In the fall of 2004, Allen mentioned in passing that Eli Lilly and Company had created its own version of a growth chart that it had begun distributing to doctors. It looks like the standard CDC growth chart. In fact, it is the standard CDC growth chart, the one revised in 2000 and available to any citizen over the Internet. There is just one subtle difference: the lowest line on the Lilly chart marks the 1.2 percentile of growth (on most charts, the outer lines of the bell curve show the ninety-fifth and fifth percentiles, or the ninety-seventh and third percentiles). The 1.2 percentile, marked by a bright red line, happens to be the cutoff point that the U.S. Food and Drug Administration approved in 2003 for the use of growth hormone in children who are unusually short but otherwise medically normal. The new percentile line is there, Allen explained, "so that it's easy to tell when a child is in the area that would qualify them for growth hormone therapy."

There is nothing inaccurate about the new chart; it just increases the likelihood that parents and children will fret over a child's location down there among the lowest percentiles. Doctors might not be fooled, of course, but everyone understands that parental anxiety—and a child's misery—drives the use of growth hormone as much as medical judgment. In that sense, the chart itself may sometimes be causing stress and ultimately "disease."
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