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For Julie





Introduction



At first, no one noticed that Joe Borelli was losing his mind—no one but Borelli himself. The wiry, dark-haired radiologist was forty-three years old; he ran two successful practices, taught at the Medical University of South Carolina, and played a ferocious game of tennis. To most people, he seemed more than competent. Yet he’d begun to have trouble remembering names: his children’s friends, his fellow Cub Scout leaders, his receptionist. He forgot to run promised errands for his wife. He got lost driving in his own suburban neighborhood. He would doze off over paperwork and awaken with drool dampening his lab coat.1


Borelli feared he had a neurodegenerative disease, perhaps early-onset Alzheimer’s. But as a physician, he knew that cognitive problems coupled with fatigue could also indicate obstructive sleep apnea (OSA), a disorder in which sagging tissue periodically blocks the upper airway during slumber. Sufferers stop breathing for seconds or minutes until the brain’s alarm centers rouse them. Although the cycle may repeat hundreds of times a night, patients typically remember nothing: they assume they’re suffering from ordinary tiredness until the collateral damage becomes impossible to ignore.


One night, Borelli checked into a sleep clinic, where a technician pasted electrodes to his scalp, face, legs, and torso, fastened a sensor belt around his chest, and stuck an airflow monitor beneath his nostrils. He managed to drift off despite these encumbrances while computerized equipment monitored his brain waves, eye movements, body movements, heartbeat, and respiration. His numbers all fell within the normal range. Months later, as his symptoms worsened, he went for a workup with a neurologist, who found nothing amiss but suggested he be retested for apnea. Borelli tried another sleep clinic; this time, he was diagnosed with borderline OSA. The doctor sent him home with a continuous positive airway pressure machine, or CPAP—a contraption that resembled a small gas-station tire pump, designed to keep his throat open by gently inflating it. But the face mask was uncomfortable, and he awoke each morning feeling as exhausted as ever. He quit using the device after a few weeks.


Borelli’s fingers soon grew so clumsy that he couldn’t button his shirt cuffs. His heart raced wildly when he rose from a chair, and even a short walk winded him. Absorbing new information became more difficult as did following a simple train of thought. Haunted by the specter of his own decline, Borelli became increasingly anxious and depressed. He gave up tennis. He resigned his chairmanship of a national professional committee. His marriage dissolved. He found himself daydreaming about suicide. “One day,” he later told me, “I just collapsed in the shower, crying.” Then he dried himself off and went looking for the best sleep specialist in America.


He settled on Christian Guilleminault, a venerated clinician and researcher at the Stanford University School of Medicine who pioneered the diagnosis and treatment of sleep apnea in the 1970s. Borelli flew across the country for a consultation at Stanford’s sprawling outpatient center in Redwood City, California. After shining a flashlight in Borelli’s mouth, and running another overnight test to confirm his hunch, Guilleminault delivered a new diagnosis: upper-airway resistance syndrome, or UARS, a condition in which the airway is partially obstructed during sleep, restricting breathing rather than stopping it.2


By coincidence, Guilleminault himself had first identified the syndrome in a 1993 journal report. Like classical sleep apnea, UARS may trigger symptoms ranging from depression and cognitive deficits to hypertension—yet it’s far less widely known and more difficult to detect.3


“You’ve had this disorder since you were a little boy,” Guilleminault declared in his thick French accent. “The damage has been cumulative.” He ordered Borelli to go back on CPAP at more than twice the air pressure of the previous round.4


Borelli was reluctant to don the mask again, but he hoped desperately that the old man could save him. Getting a good night’s sleep had become a matter of life and death.5
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I interviewed Borelli in 2013, when Discover magazine assigned me to write an article on recent findings in sleep research.6 Until then, I had paid little attention to sleep, except when I had to pull an all-nighter to make a deadline. But reporting that story opened my eyes to a number of astonishing things. The first, reflected in Borelli’s symptoms, was sleep’s central role in governing a vast array of mental and physical processes. Sleep, I learned, acts as a master regulator: of memory, mood, and learning; of our hormones, circulatory systems, and immune defenses; of childhood development and the ravages of aging.


As often happens when I’m working on a medical topic, I began seeing ominous signs everywhere. My wife’s snoring: Could it be sleep apnea? (A night in a clinic indicated it wasn’t.) My son’s absentmindedness about turning in homework: Was he being sabotaged by a school day unsuited for teenage sleep rhythms? (Most likely, judging by his improved ability to focus on similar tasks during holidays.) My own increasing frazzled-ness: Was I kidding myself about needing only six hours to get by? (Undoubtedly, and I began trying to eke out more.) Not long after I filed the piece, my eighty-seven-year-old father fell asleep at the wheel of his Prius and plowed into a tree. He survived, despite serious injuries, but the accident marked the end of his ability to live independently. From my reading, I knew that daytime sleepiness in the elderly typically stems from the decline of sleep quality with advancing age. Sooner or later, sleep trouble touches us all.


My reporting also brought another realization—how far sleep science had traveled since the 1920s, when physiologist Nathaniel Kleitman began transforming it into an independent discipline. Just a century ago, only a handful of scientists studied sleep—and not a single one did so full-time.7 Most saw slumber as a nonevent, a nightly state of suspended animation. Many considered it a vestige of humanity’s primitive past, which could safely be minimized or eliminated altogether. Although experts noted a rising tide of sleeplessness, they didn’t bother tracking the statistics. Fewer than a dozen sleep disorders had been identified. No one dreamed that treating them could become the focus of a medical career, let alone the basis for a booming commercial industry.


Today, the quest to understand sleep—and to apply that understanding to our daily lives—has become a global obsession. Sleep research centers can be found at every major university. Over 2,500 sleep clinics operate across America, and 4,000 more in other countries.8 The World Sleep Society, which represents scientists and health care professionals on every continent but Antarctica, boasts 14,000 members.9 In a 2020 study, analysts valued the so-called sleep economy (encompassing all sleep-related products and services) at $432 billion and projected that it would reach $585 billion by 2024. More than one-fifth of the current total was for items explicitly related to sleep health: $25 billion for CPAP machines; $18 billion for medications and supplements; $15 billion for diagnostic services and devices; another $15 billion for consumer sleep technology; $11 billion for sleep-improvement services; and $9 billion for “ambience optimization” products, such as white-noise machines and blackout curtains.10 Although a session in a sleep lab remains the gold standard for medical diagnosis, people who prefer to stay home can track their sleep quality using smartwatches, smart pillows, or a $300 titanium ring equipped with heart rate, oxygen, and activity monitors. Those who have difficulty falling asleep can stream soporific podcasts or plug in wireless earbuds that play soothing sounds. For those who need help staying asleep, and can spare $2,000, there’s an app-synced mattress that heats up and cools down as the user’s body temperature fluctuates through the night.11


Over the past ninety-odd years, sleep has gone from an afterthought to a central element in our notions of well-being. It has also become one of our biggest sources of collective anxiety. In the United States, according to the Centers for Disease Control and Prevention, 35 percent of the population gets less than seven hours a night—the tipping point, evidence suggests, for increased risk of obesity, diabetes, cancer, cardiovascular disease, depression, and dementia.12 Diagnosticians now recognize more than eighty sleep disorders, ranging from common ailments such as OSA and chronic insomnia to rare afflictions like exploding head syndrome (characterized by terrifying blasts of hallucinated noise) or rapid eye movement sleep behavior disorder (whose victims act out their nightmares, sometimes injuring or even killing their bedmates). Around seventy million Americans suffer from such miseries.13 And the sense of a sleep-health crisis has become endemic in many other lands as well. Surveys show that fewer than half of adults worldwide feel they get enough shut-eye; the share is 47 percent in Germany, 46 percent in Brazil, 45 percent in Australia, 40 percent in the United States and United Kingdom, and just 35 percent in France, Japan, and South Korea.14


Scientists have developed effective treatments for many sleep disorders, based on a growing understanding of the biological machinery that drives slumber and its dysfunctions. However, they’ve also learned that a large proportion of sleep troubles arise not from glitches in our individual physiology or neuropsychology but from socioeconomic factors—shift work, school schedules, the stresses and stimuli of a twenty-four-hour culture—that play havoc with our internal rhythms. Beyond the effects on bodily and mental health, these disruptions can lead to calamities of drowsiness: car crashes, medical errors, industrial accidents, and disasters ranging from the Exxon Valdez oil spill to the explosion of the Space Shuttle Challenger.15 The invasion of our bedrooms by tiny electronic screens appears to be adding to the problem.16 A recent study by the RAND Corporation found that insufficient sleep costs the United States $411 billion a year in lost output, or 2.28 percent of gross domestic product.17


To attack this crisis, sleep researchers have ventured from the lab into the public square, becoming organizers and advocates for the defense of slumber. They’ve testified before the US Congress and local school boards. They’ve become regulars on late-night talk shows and published hundreds of books aimed at ordinary readers. They’ve won recognition of sleep medicine as a subspecialty from the American Medical Association and established a center for sleep research at the National Institutes of Health.18


And by doing all these things, they’ve created a world where someone like Joe Borelli has a chance at getting well.
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As Borelli began his second round of CPAP treatment, in 2009, he was no more comfortable with the hissing mask than he’d been before. Nonetheless, he kept on wearing it. After a few months, he was waking up most mornings with a long-lost sensation: feeling rested. Even better, the symptoms that had vandalized his life—the memory lapses, anxiety, clumsiness, heart palpitations, and all the rest—began to vanish. So did the high blood pressure for which he’d taken medication since childhood, as well as the spinal arthritis he’d developed from decades of sleeping on his stomach in an unconscious effort to ease his breathing. When I spoke with him, after four years on the machine, he was developing an app to help other users optimize their therapy. He had a new girlfriend: a chess champion, he boasted, with an IQ of 140. And though his mental acuity wasn’t quite what it had been before his sleep disorder brought him down, he wasn’t complaining. “I lost fifty percent of my brain to this disease,” he said, “but I got eighty to ninety percent back. I’m a happy, happy camper.”19


In some ways, Borelli was a living illustration of what sleep science had accomplished since Kleitman first set up his lab. But as I reported my story, I realized that a great deal about sleep remains unknown.


The central mystery is why we can’t just stay awake. “If sleep does not serve an absolutely vital function,” said Allan Rechtschaffen, one of the field’s pioneers, “then it is the greatest mistake the evolutionary process has ever made.”20 All the other basic animal functions have a clear and simple purpose: eating provides our cells with fuel; respiration converts that fuel to energy; excretion flushes out waste products; sex enables us to reproduce. But no one can say precisely what sleep is for. Although virtually every species with a nervous system does it (with the possible exception of certain amphibians and cetaceans), and some species have been shown to die when continuously deprived of it (including rats, dogs, and humans), debate continues over why sleep first came into being.21


That’s because sleep is more complex than those other functions, all of which can be described in a single phrase. According to current definitions, a resting behavior needs to include several characteristics to qualify indisputably as sleep:




1. It must be part of a circadian cycle, run by biological clockwork tied to the twenty-four-hour day.


2. It must involve a posture specific to the species—typically horizontal for humans, for example, and vertical for sperm whales.


3. It must heighten the animal’s threshold for sensory arousal, requiring a stronger-than-normal stimulation to elicit a response.


4. It must display a rebound after deprivation, meaning that the animal sleeps longer or more deeply to make up for a period of enforced wakefulness.22





There are gray areas, however. Dolphins sleep with one brain hemisphere at a time, which allows them to ignore rule 2 and keep swimming. Migrating sparrows flout rule 4, going sleepless for weeks without needing to compensate later. And a few creatures with very primitive nervous systems, such as hydras and roundworms, have no use for rule 1; they sleep whenever they please. Of course, some experts consider such irregular snoozing to be sleeplike behavior rather than the real thing.23


Many observers have pointed out the inconvenience of slumber in terms of the Darwinian struggle for survival. A sleeping animal can’t for age for food, defend itself from enemies, or pursue reproductive opportunities. So why did evolution program even insects to take these mandatory time-outs? Was it to conserve organisms’ energy at regular intervals, reducing the need for calories? To make them lie low during the hours when predators might leap out of the darkness? To free their brains—or decentralized nerve clusters, in creatures such as jellyfish—to perform offline maintenance? Experts have offered all these hypotheses and more; no consensus yet exists.24


Sleep science touches, too, on some of the most enduring conundrums of psychology and philosophy. Where do the boundaries lie between mind and body? Are we better off submitting to the dictates of nature (by matching our sleep rhythms to our internal clocks, for instance) or those of culture (by taking pills to sleep in sync with our alarm clocks)? What is consciousness, and where do dreams fit in? Sleep researchers have debated these issues since the field’s infancy, and they show no sign of stopping.


After my encounter with Borelli and the science that healed him, I became obsessed by such questions. I also began to wonder how sleep science had evolved from its youthful awkwardness and obscurity to its current state of sophistication and power.


This book tells a portion of that sprawling story. I’ve focused most intently on four sleep explorers, each of whom played a crucial role in mapping the invisible continent, unlocking its secrets, and pushing society to translate those discoveries into meaningful action. By training my lens on this quartet, I hope to throw the science they pioneered—and the deeds of their predecessors, contemporaries, and successors—into sharper relief.


They all started as outsiders. At the helm is Nathaniel Kleitman, a refugee from Russian pogroms who fled to the United States at age twenty and soon began laying the groundwork for a new field of biomedical inquiry. With headline-grabbing experiments that included hundred-hour bouts of wakefulness and a monthlong expedition in a Kentucky cave, he won a place for sleep research in the cultural mainstream. He wrote the monumental book that became the field’s bible and blazed a trail for all who followed.25


The second explorer is one of Kleitman’s students at the University of Chicago: Eugene Aserinsky, a brilliant but troubled Brooklynite who stumbled into the field in 1949 and stormed out four years later. In that brief time, Aserinsky discovered rapid eye movement (REM) sleep—revealing that the slumbering brain is as active as its waking counterpart and opening vast new realms for investigation.26


Explorer number three is another of Kleitman’s mentees: William Dement, now recognized as the father of sleep medicine. A GI Bill psychiatry student from rural Washington State, Dement yearned to understand the dreaming mind, and he grasped the radical implications of REM as neither Aserinsky nor Kleitman did. He led a series of studies that got the revolution underway, then moved on to Stanford, where he spearheaded decades of seminal research into both normal and disordered sleep. Dement invented the modern sleep clinic, crusaded to raise awareness of sleep’s fundamental importance to human health, and spurred the creation of the first government agency on the planet devoted to sleep.27


The fourth explorer is Mary Carskadon, an unlikely heir to Kleitman’s legacy. In an era when women scientists were rare, Carskadon had no thought of becoming one when she signed on as Dement’s lab assistant in 1970. A recent college graduate from small-town Pennsylvania, she was more interested in protesting the Vietnam War than analyzing data sets. But her new job revealed her phenomenal gifts and awakened a hunger to learn how the rhythms of modern life affected children and adolescents. While still a PhD student, Carskadon identified the unique sleep needs of teenagers, devised the first tool for quantifying sleepiness, and defined the principle of “sleep debt”—contributions with huge significance for parenting, medical practice, and social policy. After starting her own lab at Brown University, she uncovered the potentially catastrophic impacts of sleep deprivation in young people and inspired an international movement to combat the epidemic.28


While these characters often take center stage in the narrative, they seldom stand alone. Other important players include Guilleminault, Michel Jouvet, and several French compatriots; famous figures such as Freud and Pavlov; and lesser-known ones like Giuseppe Moruzzi, Horace Magoun, Ernst Kohlschütter, and Constantin von Economo, from a dozen countries. Beyond chronicling the rise of sleep science, my aim is to illuminate the ways in which social forces shape scientists—and how scientists help shape society. On one level, Mapping the Darkness is the saga of a few brilliant individuals who chanced upon experiences, mentors, allies, professional networks, and historical conditions that helped them make the most of their talents. On another, it’s a tale of passionate curiosity, fierce audacity, and near-superhuman perseverance.


These researchers spent decades working to solve puzzles whose importance few other people could grasp, and seeking evidence for theories that often proved mistaken or nonsensical. When they hit a dead end, they analyzed their errors and set off in a new direction. They risked futility and failure, ostracism and ridicule to advance a field that was widely regarded as scientifically irrelevant—or, when it came to matters of public health, as a threat to powerful interests. They shoveled great chunks of their personal lives into the furnace of their all-consuming cause. In the process, they changed our nights—and days—forever.
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Exodus


By the time Pesea Kleitman became pregnant with her first child, her husband was too weak to make it through another Russian winter. Tuberculosis was rotting his lungs and wasting his body, tormenting him with chest pain and fevers; no medication could provide a cure. The young cloth merchant’s only hope of recovery, doctors said, was several months of complete rest in a warm, dry climate. So the couple decamped to Egypt, a week’s journey from their small town in the province of Bessarabia (now the republic of Moldova): by rail to Odessa; by ship across the Black Sea and the Mediterranean; and again by rail from Alexandria to Cairo.1


Soon after their arrival, however, the sick man took his last breath. Pesea, a widow at twenty, made the long return trip alone. With her due date looming, she moved in with her parents and four younger siblings in Kishinev, the provincial capital. On April 26, 1895, she gave birth to a boy and named him after his late father.2


From an early age, Nathaniel Kleitman showed signs of the extraordinary intelligence that would someday fuel his fame. The family spoke Yiddish at home, but he learned the Russian alphabet in a single day when he was two and a half years old. By the time he started heder (religious school) at four, he could solve complex arithmetic problems in his head. Pesea remarried two years later, to a widowed fabric store owner with children of his own. Her son remained for a time with his grandparents, Leyb and Leya Galanter, who may also have been in the textile business—and who sent him to the best private elementary school they could find. When Leyb died two years after that, Leya set aside a portion of the estate to fund the precocious child’s further education.3


Although their house lacked indoor plumbing, like all but the grandest local residences, the Galanters belonged to the upper-middle class of Kishinev’s Jewish community—one of the largest in Europe. These Ashkenazim, whose ancestors had migrated from Germany and France during the Middle Ages, comprised nearly half of the municipality’s 125,000 residents. They were laborers and factory owners, shopkeepers and tobacco growers, rabbis and blacksmiths, bankers and beggars. And as elsewhere in the czarist empire, they lived under a deepening shadow of persecution.4


Anti-Semitism was nothing new in Russia, where Jews had long been restricted to residence in the cluster of territories known as the Pale of Settlement, banned from various trades, and forbidden to wear traditional dress. Young males faced an added threat: conscription by the Imperial Army, which demanded punitive numbers of Jewish recruits and subjected them to discrimination, abuse, and often forcible conversion. (According to family lore, Kleitman’s father contracted tuberculosis after starving himself to avoid the draft.) But conditions worsened sharply in the 1880s, after the assassination of Czar Alexander II, which was widely blamed on an imagined Jewish plot. An outbreak of pogroms swept the land. New laws barred Jews from living in towns of fewer than ten thousand people, from voting in municipal elections, and from professions including teaching and the law. Authorities reduced already stringent quotas for Jewish students in secondary and higher education.5


In Kishinev, the atmosphere grew dangerously volatile around the turn of the twentieth century, when the city’s government-subsidized newspaper began printing lurid accusations of Jewish perfidy on a daily basis. The explosion came in April 1903, after a Christian boy was murdered in a nearby village (by a relative, investigators later found) and a Christian girl died of self-inflicted poisoning in a Jewish hospital. The paper’s editor “laid both tragedies at the doors of the Jews,” according to a contemporary account, “declaring emphatically that both were murders committed for ritual purposes.” He described the purported atrocities in gruesome detail and called for vengeance.6


The two-day rampage, beginning on Easter Sunday—shortly before Kleitman’s eighth birthday—was the bloodiest pogrom yet. Nearly 50 Jews were killed, 600 injured, and dozens of women raped; 600 businesses were looted, 1,350 dwellings destroyed. No record remains of how the boy’s household escaped the onslaught; as in some other cases, the mob may have found the gate to the family compound too difficult to break down. What is known is that Kleitman’s uncle Benzion Galanter was among the dead, leaving behind a widow and six children. He’d tried to protect them by brandishing a pistol loaded with blank cartridges at the attackers—who tackled him, gouged out his eyes, and tore out his tongue.7


As an adult, Kleitman told his children that the murder had shaken him deeply, though with characteristic reticence, he never spoke of it in public. “He couldn’t remember his father’s death, but losing his uncle was a real blow,” his daughter Hortense said, her own memory of the story undimmed as she neared ninety. “It’s interesting,” she added, “how many people who went on to do a lot had that kind of early trauma.”8


The massacre sparked international outrage—especially in the United States, where thousands signed a petition of protest to the czar. It helped turn countless young Russian Jews into militant Zionists or revolutionary leftists. And along with subsequent bloodbaths—including a second one in Kishinev, in 1905—it accelerated an ongoing wave of emigration. Between 1880 and 1914, more than two million Jews fled Russia, the vast majority to America.9


Kleitman’s trajectory, by contrast, followed his lust for learning. After graduating in 1912 from a private Realschule (a German-style high school emphasizing science and math), he knew the quota system offered little hope of admission to a Russian university. Instead, he set his sights on an elite engineering school in Paris. On an investigative visit, however, he learned that his odds of passing the specialized entrance exam were slim. Swiftly adjusting his ambitions, he decided to try for the American-run Syrian Protestant College in Lebanon (now the American University of Beirut), with the eventual aim of practicing medicine in Palestine.10
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Kleitman and his mother, Pesea, in 1912. Courtesy of the Hanna Holborn Gray Special Collections Research Center, University of Chicago Library.


In 1914, having taught himself English with a learn-at-home manual, the nineteen-year-old set out on his personal exodus. A snapshot from the time shows a slim youth with a mop of dark hair, a strong nose, a sensitive mouth, and an air of passionate seriousness. As a draft-age Jewish male, Kleitman was legally prohibited from obtaining a passport, so he took the train to Odessa and bought a fake one on the black market. Or, rather, half of one: The document was for two Lithuanian brothers. (Russian passports at the time required neither photo nor signature.) On August 1—with his older “sibling,” whom he’d never previously met—Kleitman boarded a steamer bound for the Levant.11


A few hours later, Germany declared hostilities against Russia, and the conflict that would become known as World War I erupted. The next day, after stopping in Constantinople, the vessel hurried back to Odessa to avoid attack by enemy destroyers. Because his fictitious brother, who had first dibs on the passport, opted to return home, Kleitman no longer possessed travel documents. Undeterred, he switched to a Turkish steamer, which bore him across the Sea of Marmara, through the Dardanelles, along the shores of Asia Minor, and down the coast of Syria. When the ship reached Beirut, a fellow refugee snuck off and returned with two more false passports—one for himself, the other for Kleitman.12


Kleitman spent the next few weeks cramming for the exam to enter Syrian Protestant College’s medical school, at a local rooming house where several other Kishinev boys were staying. He passed easily and began taking basic courses in physiology, anatomy, and other subjects. But that October, the Ottoman Empire—which controlled Lebanon—allied itself with Germany, and the school’s Russian students became prisoners of war. Kleitman and his compatriots were officially confined to the campus, though enforcement was lax enough that they could make surreptitious forays into town. Toward the end of the school year, the situation grew more ominous: Word arrived that enemy aliens would soon be sent to concentration camps in the Syrian desert, where massacres of Armenians were already underway. With all local ports under blockade, escape by passenger ship was no longer possible.13


The last hope of rescue lay with the American government, which was still neutral. The college’s administration made a desperate plea to the US ambassador to Turkey, Henry Morgenthau Sr., whose horror at the nascent genocide (and, perhaps, his background as a German-born Jew) helped stir his sympathy for the students’ plight. Morgenthau arranged for the cruiser Des Moines to evacuate them from Beirut, along with hundreds of other foreign civilians. To save face, Ottoman officials declared that they were expelling the aliens rather than bowing to diplomatic pressure; Kleitman and his classmates had to sign papers promising never to return. The ship was authorized to transport them only to the nearest port of safety.14


In July 1915, the Des Moines deposited the refugees on the Greek island of Rhodes. From there, Kleitman hopped a steamer to Athens, where he seized the opportunity to tour the ruins of the Acropolis. Then he boarded the King Constantine, an ocean liner heading to New York City. The crossing, in steerage, took two weeks.15
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Kleitman landed at Ellis Island—then the nation’s principal port of entry—on August 23. He faced an uncertain welcome. At the time, US immigration policy was in the midst of a long slide from the openness embodied in the Statue of Liberty’s inscription (“Give me your tired, your poor, your huddled masses”) to the exclusiveness enshrined in the Immigration Act of 1924, whose quotas based on national origins were designed to shut out people of his ilk along with a range of other ethnic groups.16


The restrictionists often regarded eastern European Jews as especially objectionable. Madison Grant, the genteel founder of the New York Zoological Society and a champion of the growing eugenics movement (which aimed to prevent reproduction by those deemed genetically unfit), described these immigrants as “half-Asiatic mongrels” and “a curse . . . draining into the country [from] the great swamp” of their benighted homelands. A turn-of-the-century newspaper cartoon, captioned THE STRANGER AT OUR GATE, depicts a hook-nosed, bearded man in filthy rags, carrying baggage labeled poverty, disease, superstition, sabbath desecration, and anarchy. Uncle Sam stands before him, holding his own nose to ward off the stench, beneath a sign reading, “United States of America: Admittance Free.” The stranger asks, “Can I come in?” The gatekeeper replies, “I s’pose you can, there’s no law to keep you out.”17


Although ethnically targeted bans had not yet progressed beyond those directed at the Chinese in the 1880s, rules barring other types of undesirables had multiplied by the time of Kleitman’s arrival. Entry was denied to anarchists and polygamists, as well as any alien likely to become a “public charge” (most often applied to paupers and the physically handicapped). Also inadmissible was anyone exhibiting “moral turpitude,” or suffering from epilepsy, “lunacy,” “feeblemindedness,” or a “loathsome or contagious disease.”18


Still, the admissions process was strikingly less onerous than it is today. “No passport, visa, or other identification was required,” Kleitman recalled decades later, perhaps conscious that his own forged papers might not have passed close scrutiny. Officials performed a brief examination of his mental and physical fitness. They counted the cash in his wallet, which had been thinned by loans to several shipmates who lacked the recommended $25 minimum (worth about $650 today) to prove solvency. They asked whether he advocated the overthrow of the established order; he answered in the negative. And with that, they ushered him through the golden door.19


After a ferry ride to Manhattan, Kleitman checked in to a dormitory operated by the Hebrew Immigrant Aid Society on the Lower East Side.20 He was twenty years old, just one more greenhorn dragging a battered trunk. But within a decade, despite his vow to the immigration agents, he would begin setting the stage for a revolution that neither they nor he could have imagined.
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Arrival


W hen Kleitman landed on Manhattan’s Lower East Side in the summer of 1915, he had little interest in sleep other than finding a comfortable place to do it. After a short stint at the Hebrew Immigrant Aid Society shelter, followed by a few nights in a rented room on Rivington Street, he located family friends from Kishinev who lived close by—a Mrs. Reisher, her son, and two daughters—and began boarding with them.1


With over half a million residents packed into one and a half square miles, the Lower East Side was one of the most crowded communities in the world. A multiethnic enclave, 60 percent Jewish, its tenements teemed with escapees from every hardscrabble corner of Europe; its streets were jammed with peddlers, pushcarts, horse-drawn wagons, and soot-belching Model Ts. Although the neighborhood was one of the poorest in the city, it was also among the most vibrant—home to swaggering gangsters and crusading political activists, grand synagogues and garlicky delicatessens, thriving Yiddish theaters and some of the first movie houses in New York. It held dozens of garment-industry sweatshops, too, as well as a raucous red-light district. On average, immigrants spent fifteen years there before finding their way to more genteel precincts. Kleitman, however, aimed to stay no longer than was absolutely necessary.2


At first, he hoped to revive the plan he’d envisioned before leaving Russia: to become a doctor, preferably in Palestine. He figured he would wait out the war, then return to medical school in Europe or the Near East. In the meantime, he worked odd jobs, earning about a dollar a day, of which ten cents was budgeted for the subway and ten cents for lunch. But by 1916, something had shifted. Perhaps he’d realized that the shooting wasn’t stopping anytime soon—or perhaps he’d sensed that America offered him another way forward. That autumn, he found a job as a laboratory helper at the Rockefeller Institute (now Rockefeller University), rented a room nearby on East Sixty-Eighth Street, and enrolled in night classes at the College of the City of New York in West Harlem.3


Founded in 1847, City College was the oldest free public institution of higher learning in the United States. Known as the “poor man’s Harvard” for its distinguished faculty and demanding admission standards, it would graduate more Nobel Prize winners than any other public college—thirteen at last count. By the time Kleitman signed on, alumni included such luminaries as Henry Morgenthau Sr. (the ambassador who’d rescued him from Lebanon), George Washington Goethals (chief engineer on the Panama Canal), and Bernard Baruch (economic adviser to Presidents Woodrow Wilson and Franklin D. Roosevelt).4 Thanks to courses he’d taken in Kishinev and Beirut, Kleitman entered with advanced standing. After two semesters, he switched to day classes, focusing on physics, biology, and chemistry. Evenings, he worked as a cashier at a pastry shop.5


As a resident alien, Kleitman wasn’t subject to the draft when the United States entered the war in 1917. But the following year, along with more than a thousand other City College students, he volunteered for the Student Army Training Corps, a program initiated by the War Department on campuses across the country. Cadets were housed in barrack dormitories, performed daily military drills, and received a stipend of $30 a month. In the mess hall, Kleitman tasted bacon for the first time and loved it—an event that he, like many immigrant Jews who’d kept kosher in the old country, later recalled as a turning point in his Americanization. Soon afterward, he decided to exercise his right as a soldier to expedited US citizenship. His application was granted on November 2, 1918, nine days before the Armistice.6


Kleitman graduated in 1919 with a BS in chemistry and a Phi Beta Kappa key for outstanding grades. That autumn, he moved on to Columbia University to study for a master’s in physiology. (To pay the rent, he worked as a teaching fellow at City College.) By then, he’d determined that his interests lay in research and education rather than in practicing medicine. But he had not yet discovered the topic that would obsess him for seven decades.7 His master’s thesis was entitled “Sugar in the Blood of the Frog.”8


After receiving his MA in 1920, Kleitman faced a quandary.9 To pursue his calling, he would have to earn a PhD; meanwhile, he needed to earn a living. His options in both areas, however, were constrained by his ethnicity. Nativism and anti-Semitism were gaining momentum across the country, driven in part by widespread fears of contagion from Europe’s burgeoning radical movements. (Many conservatives attributed Bolshevism, newly ascendant in Russia, to a Jewish-led conspiracy.) A resurgent Ku Klux Klan targeted Jews as well as Blacks for cross burning, though far less often for lynching; eugenics advocates urged that both groups be encouraged—through sterilization or other means—to die out. Quieter forms of prejudice persisted as well: In polite Gentile society, even well-assimilated Jews were commonly disdained as pushy, moneygrubbing, clannish, and venal. They were excluded from the best clubs, the best neighborhoods, and many of the best jobs.10


In academia, a tidal wave of Jewish undergraduates at northeastern schools was spurring a backlash among “native” American students, faculty, and administrators. Most of the newcomers were the children of eastern European immigrants, who saw education as the surest way to succeed in their adopted country. By 1920, the student body at City College was 90 percent Hebraic (as Jews were often labeled); at Columbia, the figure was 40 percent; at Harvard, 20 percent. A college song reflected the casual bigotry of the era:




Oh, Harvard’s run by millionaires,


And Yale is run by booze,


Cornell is run by farmers’ sons,


Columbia’s run by Jews.


So give a cheer for Baxter Street,


Another one for Pell,


And when the little sheenies die,


Their souls will go to hell.11





Several leading universities—including Columbia, Harvard, and Yale—imposed informal quotas on Jewish admissions in the early 1920s, sharply reducing their numbers. (Boards of trustees often voted down proposals for explicit strictures, preferring a more discreet approach.)12 Likewise, Jews who sought academic jobs faced steep obstacles. When Kleitman completed his master’s, the number of Jews in the liberal arts or sciences faculties of US colleges and universities was probably under one hundred.13


Yet the barriers to entry were not impassable. For an aspirant of suspect pedigree, a key step toward securing a post was backing by a sponsor—often a faculty member of similar heritage who’d made it past the gate-keepers. Such an ally “would testify to the authorities,” as the sociologist Lewis S. Feuer put it, “that this man, though a Jew or an immigrant or from the working class, was not insisting on his Jewishness, was devoid of ‘pushing’ traits, was courteous, and quiet in disposition.”14 (Women professors were growing more numerous, but they remained a small enough minority to justify Feuer’s use of the masculine noun.15 African Americans, by contrast, were almost never admitted to faculty positions outside historically Black colleges and universities.)16


Kleitman’s first sponsor was City College biology professor Abraham Goldfarb, who volunteered for the role without being asked. It happened in a roundabout way as these things often did. Goldfarb was approached by William Salant, a fellow Columbia alumnus—and Russian Jewish immigrant—who’d recently been appointed as a professor of pharmacology at the Medical College of Georgia. At fifty, Salant was a decade older and considerably more eminent; he’d previously served as chief of the pharmacological laboratory at the US Department of Agriculture and as a senior scientist at the National Bureau of Standards.17 Now, he told Goldfarb, he needed to hire an instructor in physiology and pharmacology. Whatever qualifications may have been discussed, both men likely understood—given their own backgrounds and those of most students at City College—that a candidate who faced certain disadvantages would be preferred. At Goldfarb’s urging, Salant wrote to Kleitman, offering him the job.18


Soon afterward, the twenty-five-year-old stepped off a train in Augusta, where he rented a room in the private home where Salant was staying. The professor and his underling shared meals at a nearby boardinghouse, developing a friendship despite their differences in age and status. Kleitman spent the next two semesters teaching medical students material that he’d only recently learned, and he did well enough that Salant made him promise to return in the autumn of 1921.19


That June, to earn credits toward a doctorate, Kleitman headed north for summer courses at the University of Chicago. Although its Oxonian buildings and elm-shaded quadrangles gave it an air of antiquity, the school had been founded only three decades before; thanks largely to a generous endowment from oilman John D. Rockefeller, it was already among the nation’s premier research institutions. There, Kleitman found his next sponsor—another fellow immigrant, though from a diametrically different background.20


This one would help him discover his path.
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Anton Julius Carlson, chair of the University of Chicago’s physiology department, was one of the leading figures of his field, renowned for his research on the peripheral nervous system. Square-jawed and powerfully built, with steel-rimmed glasses and a thatch of graying hair, Carlson radiated physical as well as intellectual energy. Originally from Sweden, he’d made his way to Illinois at age sixteen; working ten-hour days as a carpenter’s helper, he saved enough cash to attend a Lutheran college. After graduating, he served a brief stretch as a minister, then lost his faith and headed to Stanford to study science. A groundbreaking paper on cardiac rhythms landed him a teaching position at Chicago in 1904—and within a decade, he’d taken over the department. When he first encountered Kleitman, Carlson was forty-six, and he may have seen the brilliant and driven young man as a version of himself twenty years earlier.21


At the end of the summer session, Carlson offered Kleitman an assistantship, which would enable him to earn a salary and a PhD simultaneously. Conscience-stricken, Kleitman declined, citing his vow to his employer in Georgia. When he told Salant about his decision, the professor called him a “damn fool.” In the spring of 1922, after teaching two more semesters, he accepted Carlson’s standing invitation and relocated to Chicago.22


Before Kleitman could begin his studies in earnest, he had to choose an area of concentration. Again, his origins placed some routes off-limits—and, perhaps, spurred him to seek out uncharted territory. Jewish scholars were unwelcome in many long-entrenched disciplines. “Apart from a few appointments to teach Jewish or Semitic studies,” Lewis Feuer observed, “the Jews aspiring to academic work tended toward subjects that were new, not already the preserve of some academic establishment, or to such as mathematics where the most objective standards might tend to prevail. . . . Novel intellectual capital or intelligence, when it is precluded by monopolistic channels of intellectual investment, will then be directed into non-traditional, high risk, and still open fields.” This dynamic, historians have suggested, helps account for the high concentration of Jews in the era’s cutting-edge sciences, such as psychiatry, biochemistry, and immunology.23


It’s also possible, of course, that Kleitman was simply drawn to terra incognita by the same questing impulses that had propelled the earliest stages of his journey, from Kishinev to Beirut to Ellis Island. In any case, Carlson gave him a gift that no one else had ever offered: enough time and space to explore the existing literature and discover what called to him. Kleitman found it later that year, in Henri Piéron’s book, Le Problème Physiologique du Sommeil (in English, The Physiological Problem of Sleep)—the most comprehensive monograph on the topic then available.24 Published in 1913, Piéron’s 520-page masterwork provided an encyclopedic overview of sleep science’s evolution since its birth just a few decades earlier.25


Although Western thinkers had pondered the mechanics of sleep since ancient Greece—Aristotle thought it was triggered by vapors rising from the stomach to the heart during digestion—no one had studied the topic seriously until the advent of the Industrial Revolution. Two main forces fueled the surge in interest. The first was the drive for labor efficiency, which spurred researchers to investigate the capacities and limits of the human body in all its functions. Because sleep affected not only a worker’s fitness but the timing of the workday, understanding its dynamics was essential. The second impetus was the rise of insomnia—an epidemic that emerged with the arrival of cheap and plentiful artificial lighting, which enabled millions to hitch their routines to the alarm clock and shift-change whistle rather than the rhythms of dawn and dusk. As the disorder grew more common, questions about how sleep worked (or didn’t) became increasingly urgent.26


Piéron’s book cataloged the major lines of inquiry, beginning with the riddle of what triggered sleep. In the mid-nineteenth century, researchers had observed that cerebral blood flow diminished in sleeping animals; they deduced that sleep resulted from such a decline. But this theory left many issues unsettled. For example, if the brain was starved of blood each night, how did it manage to generate dreams? And what started the shutdown process in the first place? Some scientists pointed to new research on muscular fatigue, which showed that a buildup of waste products such as lactic acid could inhibit movement in an overused arm or leg. Perhaps a similar process might immobilize a weary brain.27


Thus arose various “chemical” theories of sleep—all based on the premise that toxins accumulated in brain cells over the course of the day, eventually curtailing cerebral activity. After a few hours of complete rest, the thinking went, the poisons would be cleared away, leaving the sleeper alert and refreshed. Yet repeated attempts to identify a somnogenic agent proved futile. Experimenters forced animals to inhale carbon dioxide or injected them with alkaloids known to play a role in muscle fatigue. These substances sometimes induced stupor—or death, at high doses—but, bafflingly, never slumber.28


If the mechanisms that turned sleep on and off remained mysterious, so did the behaviors of the brain and body during sleep. Among the most basic enigmas was why people slept heavily at some points during their nightly voyage and lightly at others. Did these dips and rises follow predetermined cycles, or did they occur in response to external conditions? How much time did sleepers typically spend at one extreme or the other, and how much in the middle?


In 1862, University of Leipzig medical student Ernst Kohlschütter published the first study to chart the depth of sleep from pillow-time onward. Kohlschütter experimented on six fellow students over eight consecutive nights, using a device known as a Schallpendel, or “sound pendulum”—a pendular hammer that smacked a slate slab, generating bangs whose loudness could be adjusted by changing the hammer’s elevation. The greater the racket required to awaken the subject, the deeper his sleep was judged to be.29


Kohlschütter’s study suffered from deficiencies in control: At one point, a subject was inadvertently roused by the researcher lighting a cigar. But a more serious flaw was his decision to discard all data points that failed to support his hypothesis—that sleep depth, after reaching its maximum about an hour after onset, diminished in a smooth curve until morning.30


In 1888, an Estonian medical student named Eduard Michelson set out to repeat Kohlschütter’s study—but with up-to-date methods and without the analytic bias. Michelson’s subjects were four young physicians, including himself. Instead of a hammer, he used an electrical apparatus that dropped brass balls of varying weights onto a wooden board next to each sleeper’s head. The operator sat in the next room and ran the machine by remote control; rather than watch for ambiguous signs of awakening, he waited for the subject to press a button.31


When Michelson crunched the data, it confirmed Kohlschütter’s finding that sleep reached its maximum depth about an hour after onset. But the study’s other results were startling. Rather than grow steadily shallower as the night progressed, sleep swung rhythmically between peaks and valleys, bottoming out five times in a typical seven-hour session. Each cycle lasted about eighty-four minutes, with average sleep depth diminishing as the waves rolled on. Michelson regarded these “remarkably regular fluctuations” as a “very strange phenomenon”—and by Piéron’s time, scientists still had no grasp of their origin or significance.32


Le Problème Physiologique du Sommeil described other fascinating experiments. In France, psychologist Nicolas Vaschide had tried to gain a more granular understanding of what happened during sleep by monitoring subjects’ pulse, respiration, and motor activity; when these measurements spiked in unison, he woke the sleepers, who told him they’d been dreaming.33 Other researchers had observed similar activity in sleeping dogs.34 These findings put a scientific spin on an ancient puzzle: What are dreams for? Do they perform a necessary biological function, or are they a mere by-product of other processes—perhaps, as Charles Dickens suggested in A Christmas Carol (1843), the effect of “an undigested bit of beef, a blot of mustard, a crumb of cheese, a fragment of an underdone potato”?35 No answers were yet available.


The book also covered an emerging debate: whether sleep was controlled by a particular area of the brain. This possibility was first raised in 1890, by Viennese ophthalmologist Ludwig Mauthner. During an outbreak of sleeping sickness in Italy and Austria—characterized by extreme drowsiness, often followed by coma and death—Mauthner noted that common symptoms included drooping eyelids and paralysis of the eye muscles. He was also struck by reports that deceased patients showed inflammation in an area of the midbrain known to control those muscles. Mauthner suggested that sleeping sickness arose from damage to this region, which likely also held an on-off switch for wakefulness. He went on to propose that normal sleep resulted from a temporary break in the region’s circuitry, interrupting transmissions between the cerebral cortex and the rest of the nervous system.36


Yet Mauthner’s theory, like those of his successors, was little more than an educated guess. Scientists were just beginning to establish that different brain regions oversaw distinct aspects of mental and physical function. By the late 1800s, it was clear that the cortex—the convoluted layer of tissue covering the brain’s surface—was responsible for “higher” functions such as sensory perception, voluntary movement, and thought. Some lower regions appeared to govern primitive drives and emotions; structures in the brain stem, just above the spinal cord, controlled involuntary functions such as respiration and heartbeat. Researchers were also learning that small areas of the cortex were crucial to specialized behaviors—movement or sensation in an arm or finger; the production or understanding of spoken language. Evidence for a so-called sleep center, however, remained tenuous.37


The relationship between sleep and the brain’s cellular mechanisms was equally uncertain. Although the existence of brain cells was discovered in the 1830s, the details of their structure remained hidden for over fifty years until new imaging techniques brought them fully to light. It was now known that in both the brain and the peripheral nervous system, messages were passed back and forth by specialized cells known as neurons. Most neurons had branching limbs called dendrites, which received nerve impulses, and a threadlike fiber called an axon, which transmitted them. Inspired by these findings, researchers began to propose “histological” (or tissue-related) theories of sleep, involving the supposed actions of these anatomical features. But these notions, too, were purely speculative. The tools to observe brain cells in action—whether in sleep or waking—did not yet exist.38


One thing that scientists could measure directly was how organisms were affected by a lack of sleep. The first to do so was a pioneering woman physician and biochemist—Maria Mikhailovna Manaseina, better known as Marie de Manacéïne. In 1894, the Russian researcher reported that prolonged sleep deprivation could be deadlier than starvation. De Manacéïne had kept ten puppies awake for more than a week. Although dogs could survive twenty to twenty-five days without food, the subjects in her study were “irreparably lost” after four to five days without sleep.*39


Other investigators replicated and expanded upon De Manacéïne’s work. Among them were the American psychologists George Thomas White Patrick and J. Allen Gilbert, who in 1896 conducted the first study of sleep deprivation in humans. The pair kept three of their University of Iowa colleagues awake for ninety hours and found that the effects included visual hallucinations, slowed reaction times, diminished grip strength, and weight gain.40


Such results lent credence to the notion that sleep might result from an accumulation of fatigue toxins. Scientists redoubled their efforts to find such substances.41 The most extensive study was conducted by Piéron himself, one of the founders of French experimental psychology. In search of what he called “hypnotoxins,” he deprived dozens of dogs of sleep for extended periods, then injected their blood, puréed brains, or cerebrospinal fluid into the brains, veins, or bellies of normal dogs. He found that injecting the fourth brain ventricle with cerebrospinal fluid from a sleep-deprived animal induced “a more or less irresistible need to sleep” in the recipient.42


Yet Piéron was unable to identify the chemical or chemicals involved. Nor was he—or any of his colleagues—committed to solving such enigmas. Sleep was still a sideline for scientists in a range of fields; no one seemed to have thought of making it their life’s work.43


Kleitman found these explorations electrifying, and he was intrigued by the vast areas that remained uncharted. “I was always interested in the activity of the nervous system in reaction to our environment,” he later wrote. “And sleep fascinated me as a temporary, purely physiological suspension of that activity.” Le Problème Physiologique du Sommeil left him hungry to know more.44


Two more elements may have fed that hunger. The first was an epidemic of brain disease initially detected in 1916 among patients in a Viennese neurological clinic, whose horrific constellation of symptoms—which could include vision disorders, convulsive movements, muscular rigidity, psychosis, and catatonia—fit no existing diagnosis. Constantin von Economo, a young neurologist at the clinic, identified abnormal sleep as the common element in all these cases. Patients often dropped off while sitting or standing, or slept constantly for weeks on end. Other victims were unable to sleep at all, though they might eventually lapse into somnolence or coma. Examining the brains of deceased patients, von Economo found distinctive patterns of tissue damage. In 1917, he published his findings in an Austrian medical journal, dubbing the ailment encephalitis lethargica. By the early 1920s, tens of thousands of cases had been reported worldwide.45


With no known cure, encephalitis lethargica killed 40 percent of patients and left 46 percent partially or fully disabled (often with symptoms resembling severe Parkinson’s disease, as described in Oliver Sacks’s 1973 classic Awakenings). It also revived the notion—until then derided by most experts—that a “center” in the brain might be responsible for sleep. Intriguingly, von Economo had found lesions clustered in the same part of the midbrain that Mauthner had pointed to during the sleeping sickness epidemic of 1890, though damage turned up in several other regions as well.46


The other factor that may have spurred Kleitman to focus on sleep was that one of the world’s most celebrated scientists—the Russian physiologist Ivan Pavlov—had lately turned his own attention to the topic. Pavlov had won a Nobel Prize in 1904 for his work on digestion, which he studied by observing the gastric secretions of dogs through surgically crafted windows, or fistulas, in the creatures’ throats and stomachs. That research led him to formulate one of the bedrock practices of behavioral psychology: classical conditioning, in which an animal learns to associate an “unconditioned” stimulus (say, a bowl of food) with a “conditioned” stimulus (a buzzer that sounds whenever food is presented), responding in the same way to the latter (by salivating) even when the former is absent. Pavlov also found that conditioning could have an inhibiting effect. For example, if a dog heard the mealtime buzzer numerous times without receiving food, it would learn to stop salivating at the sound. And when dogs received repeated or excessive stimuli, they often fell asleep.47


Pavlov believed this reaction was a form of generalized inhibition, a reflex meant to protect brain cells from being damaged by stress. He reasoned that normal sleep, too, must be an inhibitory response, set off by an accumulation of stimuli over the course of the day. This boldly reduction-ist theory, which was published around the time Kleitman was choosing his dissertation topic, would have served as a thrown gauntlet for a young scientist looking to make his mark.48


Whatever forces set the course of Kleitman’s career, he seems to have achieved a key insight at the very start. To fully understand a pathology like encephalitis lethargica or insomnia, or to determine the validity of a theory like Pavlov’s, it would be necessary to develop a detailed physiological picture of normal sleep. So far, researchers had barely scratched the surface. To make real progress, they would have to shoulder the task full-time, approach it in a systematic way, and keep at it indefinitely. Kleitman wanted to be the first to go all in.


His mentor, as it happened, was an ideal role model for such a mission: a scientist who placed methodical observation ahead of conceptual speculation, valued careful logic over intuitive leaps, and never lost sight of the clinical impacts of the phenomena he studied. Carlson often repeated a maxim to his students: “Keep your mouth closed and your pen dry until you know the facts.” When they did open their mouths, his habitual response was a curt and Swedish-accented, “Vat iss the effidence?”49


Kleitman would emulate that hardheaded skepticism, along with many of Carlson’s other predilections. Perhaps the most crucial was a fascination with the body’s rhythmic patterns and how they were affected by brain activity. Early in his career, Carlson had shown that in embryonic horseshoe crabs, the heart begins to beat before it’s connected to the nervous system—evidence that cardiac muscle cells produce their own rhythms independently of the brain, which acts as a pacemaker in developed animals.50 Later, he’d turned to the cycles of the digestive system, recording the motions of his own gut while fasting for up to ten days at a time. Carlson also studied the digestive rhythms of animals, from dogs to frogs and turtles. But for several years, his principal subject was a young man named Fred Vlcek.51


As a boy, Vlcek had drunk lye, a caustic chemical that left his esophagus blocked with scar tissue. At twelve, he’d undergone surgery that allowed him to be fed through a fistula in his stomach. The fistula enabled Carlson to study Vlcek’s stomach contractions by attaching a balloon to a tube and inserting it into the organ; he measured the movements using a pressure gauge and a kymograph (a device that uses a stylus on a rotating drum to record physiological processes). Because Vlcek could chew food but not swallow it, Carlson could investigate how sensory stimuli affected the stomach without the influence of saliva or the food itself. And because Vlcek could talk, unlike lab animals, the researcher could track the relations between his gastric processes and his mental ones.52


Carlson’s research had convinced him that the urge to eat resulted from a complex interplay between the automatic rhythms of the stomach and a person’s habits and mental states. An empty gut produced a wave of contractions every hour or two, he’d found, generating the signals commonly known as hunger pangs. The degree to which people felt hungry, however, depended not only on how long it had been since their last meal but also on the times of day when they were accustomed to eating and whether they were distracted by something else. This finding put Carlson at odds with Pavlov, who preached that gastric secretions and stomach contractions were triggered by the appearance of food or conditioned stimuli, and were thus controlled by the cerebral cortex—the part of the brain in charge of processing sensory information, among many other tasks. Carlson argued that the stomach (like the heart) was governed mainly by rhythms intrinsic to the body, though an individual’s response to those rhythms could be affected by environmental, psychological, or other factors.53


From Carlson, Kleitman learned the value of monitoring the body’s rhythms over an extended period, using a combination of direct observation and automated devices to compile a continuous record. Like his teacher, he relied mainly on human experimental subjects, often including himself. And the quest he undertook mirrored Carlson’s: to chart an essential physiological cycle, investigate its origins, and gauge its adaptability to an organism’s changing needs and behaviors.54


The cycle Kleitman hoped to explore, however, had never received a researcher’s undivided attention. Where did sleep’s rhythms come from? What were their essential characteristics? To what extent could they be modified? How would such alterations affect human health? Probing these questions, he sensed, could keep a scientist busy for a very long time.55


Sometime in the second half of 1922, Kleitman proposed this course of study to the department chair. Carlson encouraged him but warned that he’d be entirely on his own—no one at the university knew enough to supervise him. For a brilliant and fiercely self-motivated scholar, the caveat felt like a blessing. Kleitman would forever be grateful for Carl-son’s “broad-mindedness,” as he later wrote, and for the deep trust that it implied.56


As warm-up exercises, Kleitman carried out a series of experiments on the effects of caffeine and narcotics on dogs, and another on normal sleep and forced insomnia in puppies.57 Then he embarked on a project that heralded his vaulting ambitions: the most systematic, thoroughgoing, and technologically advanced study yet undertaken on the physiology of sleep in humans.58
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Kleitman’s avowed goal was to outdo Patrick and Gilbert’s 1896 paper on sleep deprivation, and two similar studies that had followed it. All three, he felt, involved too few subjects (one to three apiece) and too few trials (one each), and measured too few physical and mental functions. Only one study included a fully rested control subject with which to compare results.59


The fledgling researcher set out to correct those shortcomings. In his study, he and five male classmates underwent multiple stretches of forced insomnia ranging from 40 to 115 hours. Kleitman himself stayed up the longest; he endured more than a dozen sleepless periods, as well as periods of control testing, in which he slept as long as he liked. He had initially intended to keep conditions uniform by having participants lie awake all night on a cot in the physiology lab. When this proved impractical, due to the somniferous effects of reclining, they were made to walk around the neo-Gothic campus or sit in an all-night café to avoid nodding off. “This method is not then perfect,” he admitted, “but it is the best we could devise at this time.”60


Kleitman’s approach to data collection made his predecessors’ efforts look lackadaisical. Before, during, and after the insomnia sessions, subjects were given tests of memory, concentration, and reaction time. Their pulse, temperature, respiratory rate, oxygen consumption, blood pressure, blood cell counts, and blood sugar were measured, as were the levels of phosphorous, chlorides, nitrogen, creatinine, and acidity in their urine. The pupillary reflex and position of the eyes were examined by spreading the eyelids with the fingers and shining a beam from a pocket flashlight, and the reflexes of the arms, hands, and feet were observed by tracing a pencil along the skin. The face was stimulated by touching it with sharp pieces of paper. Notes were taken on participants’ subjective experience and their general behavior. At the end of each session, the length and depth of slumber was recorded for two nights. The point was to detect new clues about the function of sleep by analyzing the effects of its absence as exhaustively as possible.61


The most striking results, Kleitman found, involved the urge to sleep. As Carlson had observed regarding hunger, the sleep drive increased over time, but its progress was not linear. Instead, it fluctuated according to the time of day and the activities in which an individual was engaged. Subjects typically felt wide-awake for most of the first night. They had no trouble studying, reading, or doing lab work, though they grew drowsy between 3:00 and 5:00 a.m. Alertness rebounded later in the morning and was easy to maintain as long as subjects kept physically or mentally active. During the second night, they were afflicted with dry eyes and a “buzzing in the head,” and found it difficult to study without falling asleep—but as before, physical exercise usually banished the urge. During the third night, staying awake was much harder. Subjects perked up the next morning, but tasks requiring close attention became impossible. When asked to take their own pulse, most lost count within twenty beats.62


Although participants invariably found it easier to stay awake when they were busy, keeping them occupied was more challenging at night. “It was amusing to note that some subjects used ruses to escape the watchful eye of the observer,” Kleitman wrote. “After being roused many times they pretended to get up for a stroll in the corridors of the building, but would actually walk over to some corner, sit down and fall asleep almost immediately.” The sole individual who was kept awake for more than four nights began to experience brief waking dreams. On his fifth morning, subject N.K. (as Kleitman labeled himself) was doing a calculus problem for a mental-acuity test; instead of calling out the answer, he declared, “it is because they are against the system.” When questioned, he explained that he’d thought he was having “a heated argument . . . on the subject of labor unions.”63


There were other intriguing findings. For example, the night after an insomnia session, subjects slept for only an hour or two longer. The longer they’d been awake, though, the deeper they slept. The physical effects of prolonged sleeplessness also included lowered heart rate and respiration, decreased phosphate excretion, and a lessening of daily variations in body temperature, which would normally cycle a degree or two between afternoon highs and predawn lows.64


Kleitman titled his study “The Effects of Prolonged Sleeplessness in Man.” Published in September 1923 in the American Journal of Physiology, it served as his public debut. (It also formed the centerpiece of his doctoral dissertation.) Though little recognized, the paper would come to be known as one of the seminal studies in sleep science, brimming with observations that generations of researchers would devote themselves to investigating further. Besides its content, however, what was remarkable was its tone: incisive, playfully erudite, and magisterially self-assured. The article was clearly meant not only to describe a set of experiments but to announce its twenty-eight-year-old author’s arrival—and his intention to transform his chosen field.65


He began with the big picture. “Most investigators of the physiology of sleep, in reporting their findings, remind their readers, by way of apology, of the tremendous importance of the subject for the advancement of our knowledge of physiology as a science, as well as for the rational treatment of insomnia,” he wrote. Fewer than a dozen scientists were currently investigating this “great physiological mystery.”66


Kleitman surveyed an impressive portion of the literature on sleep before describing his study’s eye-opening results. But the pièce de résistance was a nine-page section titled “Discussion and Theory.” Kleitman began by endorsing Piéron’s definition of sleep: “a suspension of the sensori-motor activities that bring the living being into relation with its environment.” As to why this suspension occurred, he continued, there were several popular notions. One was that the circulatory system becomes fatigued at the end of the day, sending less blood to the brain. Kleitman’s own experiments, he noted, showed no evidence of such a phenomenon; moreover, the fact that physical or mental activity made it easier to stay awake made the theory’s premise doubtful. Then there was the idea that sleep was triggered by fatigue toxins or by a reflex designed to prevent such toxins from accumulating. Kleitman had detected no biochemical or physiological changes that would support this theory.67


Lastly, he turned to Pavlov’s finding that animals invariably fell asleep when experiencing “prolonged action of a uniform excitant.” Kleitman, it emerged, had been carrying on a correspondence with the famed physiologist—astonishing for a mere grad student. Although Pavlov’s complete data had not yet been published, he had stated “in a personal communication to the writer” that “sleep and the so-called internal inhibition of a conditioned reflex are identical phenomena.” Kleitman didn’t rule out this possibility, but he ventured to question the great man’s logic. A person can fall asleep “when not fatigued at all, and idlers have no difficulty in falling asleep . . . at any hour,” he pointed out. And in humans, excessive stimulation seemed more often to prevent sleep than to promote it.68


He then offered an elaborate theory of his own, drawing on findings from an array of other scientists. Sleep, Kleitman suggested, was triggered by muscular relaxation, which commonly occurred after people—or other animals—reduced sensory input by lying still and closing their eyes. The process that followed probably involved a blocking of neural communication between the brain’s motor centers and the rest of the body, as Mauthner had proposed three decades earlier. (Kleitman cited his own finding that stroking a subject’s foot during deep sleep provoked the same toe-spreading reflex as in a person suffering damage to the motor neurons.) There also seemed to be a partial blockade between areas of the brain responsible for sensory processing and those involved in reason and judgment.69


This blockade led to a possible explanation for dreams: They might result from lower brain centers misinterpreting nerve impulses emanating from the body. “In the absence of external stimuli, internal sensations [such as] hunger, thirst, or sexual stimuli may start a dream,” Kleitman wrote. “Distended seminal vesicles will give rise to an erotic dream, but the powerful stimulus of ejaculation is necessary to overcome all synaptic resistances and waken the sleeper.” He did not comment on whether repressed desires might also be involved as Sigmund Freud’s contemporaneous and increasingly popular theory asserted. For Kleitman, that speculation was a step too far.70


As for sleep’s cyclical patterns, he thought they might be primarily the result of habit. “Why is it easier to sleep at night than in the daytime, and why will a person accustomed to get up at, say, 6 a.m., wake up at the usual hour, whether he goes to bed early or late?” This tendency, he suggested, could be analogous to the rhythms of hunger, which in humans corresponded more to accustomed mealtimes than to the biological need to eat.71


After cautioning that his suggestions were “provisional,” Kleitman concluded with a quote from Piéron: Une théorie n’est pas la solution d’un problème, c’est au contraire l’énoncé d’un problème à résoudre. A theory is not the solution to a problem but the statement of a problem to be resolved.72


[image: image]


Kleitman had stated the terms of the problem that he would spend most of his life trying to unravel. But he wouldn’t start right away. The newly minted PhD applied for and won a National Research Council fellowship to study physiology in Europe. That autumn, he boarded a steamer for the Netherlands, where he spent six months at the University of Utrecht working with Rudolf Magnus, a pioneering researcher on animal reflexes. In February 1924, he moved on to Paris, where he began an apprenticeship with three of his idols: Piéron, with whom he investigated retinal nerve function at the Collège de France, and the trailblazing husband-and-wife neuroscientists Louis and Marcelle Lapicque, with whom he studied electrical impulses in nerve cells at the Sorbonne. These pilgrimages were only tenuously connected with sleep; his aim seems to have been to deepen his knowledge of the nervous system in general.73


During the summer holidays, Kleitman was visited by one of his professors—Arno B. Luckhardt, known for his discovery of ethylene anesthesia, who was traveling to the German town from which his own parents had emigrated. He also journeyed to see a stepsister who was studying pharmacology in Italy. Kleitman then reunited with his mother, Pesea, who spent some time in Paris before accompanying him back to Kishinev, where he stayed for several weeks.74


His hometown had passed from Russian to Romanian rule after World War I, but life there had grown no easier in the ten years since Kleitman fled. An economic crisis had plunged many merchants and professionals into bankruptcy and deepened the misery of the poor. A fascist party, the National Christian Defense League, was on the rise; like its counterpart in Germany, it adopted the swastika for its banner and called for the expulsion of the Jews. That autumn—with no indications of regret—he left for the last time and headed back to Paris where he remained until the end of December.75


Kleitman spent most of 1925 finishing his fellowship at the University of Chicago, then took a train trip to California with two cousins, stopping at several national parks along the way. On October 1, he was hired as an assistant professor of physiology at a salary of $3,000 (worth about $43,000 today).76


Although it would take a while for anyone else to notice, the modern era of sleep science had begun.





* A note to readers: Today, this experiment (and some others that will be described in this book) may strike us as horrifyingly inhumane. However, before the advent of tissue cultures and computer simulations, few alternatives to animal models were available for investigating physiological processes that could be harmful to humans. The prevailing view among philosophers as well as scientists was that the benefits to our species outweighed any agony experienced by members of a different one. See Nuno Henrique Franco, “Animal Experiments in Biomedical Research: A Historical Perspective,” Animals 3 (2013): 238–273.
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Coming into the Territory


T he Physiology Building at the University of Chicago was an ornate Victorian chateau, four stories tall, topped with a triple crown of gables and a glowering gargoyle.1 Within its ivied walls, Kleitman established the world’s first dedicated sleep laboratory in 1925—a milestone that was recognized only retrospectively. At the start, he had no lab area of his own; he simply turned whatever space he occupied into a staging ground for his mission.2 Nor did he confine his research entirely to sleep. The publication lists that he scribbled or typed at the end of each academic year reveal that he continued to pursue other interests (ranging from the nerves of the eyeball to body-righting behavior in the duck) through the early 1930s.3 Nonetheless, he set himself one central task: to transform sleep science from an obscure backwater into a thriving and coherent discipline.4


For a few hours each week, Kleitman lectured on physiology. The remainder of his time, day or night, was devoted largely to thinking about sleep, reading about sleep, writing about sleep, or conducting sleep experiments. The thirty-year-old lived frugally, socializing occasionally with relatives from Kishinev who’d settled in Chicago, and sending a portion of his modest pay to his stepsister and two cousins who were studying abroad.5 In photos from this period, his expression has lost its youthful ardor. Above the stiff collar and somber necktie, his dark hair is neatly parted, his face round and placid as a winter moon. His eyebrows have vanished (whether due to stress, illness, or some other factor is unknown), adding to the air of inscrutability.6 Only his eyes hint at the zeal that burned behind the cool exterior, or the stubbornness that banked the flames.


Kleitman wasn’t the only scientist studying sleep in 1925, but he was the only one dedicated primarily to that pursuit—as he would remain for nearly three decades.7 Aided by a rotating squad of graduate students and junior professors, he attacked the mechanics of slumber from every angle then available: behavioral, biochemical, cardiopulmonary, neurological.8 Over time, the evidence he gathered would help answer some of the fundamental questions about sleep. His methods would provide models for other researchers, his writings would furnish a framework for the field’s most important debates, and his mentorship of younger scientists would enable revolutionary discoveries. Yet what set him apart from the competition, in many cases, was not just what he did but what he didn’t do: play to the crowd, oversimplify his findings, or present his evolving theories as proven facts.


When Kleitman began his work, the best-known American sleep researcher was probably Donald A. Laird, chair of the psychology department at Colgate University.9 A native of Angola, Indiana,10 Laird was two years younger than Kleitman11 and just as driven. Sleep, however, was not his principal concern; indeed, Laird’s main focus seemed to be on displaying the boundlessness of his expertise. Newspapers across the nation quoted his pronouncements on topics including Prohibition (“Recent experiments . . . have shown that even a weak liquor lowers one’s mental and motor control”), criminality (in a study of Ohio prisoners, “three out of four were found to be mentally deficient”), gender differences (“Men live their emotions, while women think theirs”), and labor policy (“A four-hour day in industry would be possible if workers were placed in work for which they are best fitted”).12


Laird’s sleep studies at Colgate began in 1924, funded by a grant from the National Research Council.13 He set up experiments at a frat house, where teams of assistants used the latest technology to gather a wide range of data. Student volunteers wore gas masks that collected their nocturnal exhalations, whose chemistry was analyzed to determine energy expenditure. Motion detectors kept count of the subjects’ movements, and a “somnokinetograph” (the only machine of its kind in the world, Laird boasted) measured their degree of relaxation. Sleepers were awakened at intervals and subjected to physical tests, such as lifting a weight with a finger until muscle fatigue set in. Their quality of sleep was measured after eating different types of foods, after fasting, after drinking coffee or caffeinated tea, and while lying on different kinds of mattresses. They were asked to fill out questionnaires on their dreams and on their alertness or sleepiness during waking hours.14


But Laird seemed more interested in collecting facts about slumber and burnishing his reputation than in deepening science’s understanding of the phenomenon. Over the next decade, he wrote prolifically for newspapers and magazines on the results of his sleep studies. His findings were divided almost evenly between the obvious and the dubious. On the obvious side, he revealed that heavy people sleep better on a firm mattress, and lighter ones on a softer model; most people, moreover, slept poorly in a room that was too warm or too cold, or when too much light or noise came through the windows. On the dubious side, he determined that women slept better than men because they ate more candy—carbohydrates being conducive to sound slumber. He also declared, based on his questionnaires, that 75 percent of people slept without dreaming.15


Laird had a penchant for issuing firm advice based on flimsy premises and for casually contradicting his own proclamations. Because sleep grew shallower toward dawn, he warned, morning slumber was “beneficial neither to your body nor your mind,” and was “likely to do you grave harm by helping to build up a pattern of laziness.” Instead, it was best to sleep for just six hours a night and to compensate with a forty-five-minute nap around noon, which he claimed was equal to three hours of sleep between 3:00 and 7:00 a.m.16 Laird later urged against this practice, without mentioning that he had once championed it.17 He also flip-flopped on the issue of sleeping position. Early on, he insisted that it was essential to lie fully extended and to alternate between sleeping on one’s side and one’s stomach.18 In 1932, however, he counseled, “Your body will instinctively pick out the best position. . . . Let your sleeping self make the choice.”19 Countless sleeping selves must have uttered a sigh of relief.


By then, Laird had established a full-scale sleep lab, in a ten-room house on the Colgate campus; his book Sleep: Why We Need It and How to Get It (1930) had become a bestseller.20 (Such manuals, which interspersed commonsense tips with nuggets of the latest scientific information, had been popular for a century.)21 But he left the field in 1939, after becoming director of a consumer research foundation,22 and his work is largely forgotten today.23


At least Laird recognized that slumber was necessary. Other experts dismissed that idea out of hand. A syndicated newspaper story from 1925, headlined now science proposes to abolish sleep, featured an interview with Columbia University psychologist H. L. Hollingworth, who insisted that although sleep once helped our ancestors avoid being ambushed by predators during the hours of darkness, it was no longer needed in an age when “we can turn night into day by merely pressing a button.” We inherit this “disastrous habit,” Hollingworth argued, “just as we inherit our annoying appendix, our eyebrows, our useless tonsils, our dangerous wisdom teeth, the degenerate muscles that wiggle our ears, and a number of other vestigial traces of our lowly origins.” By reducing one’s sleep by five minutes every two months, he suggested, it should be possible to eliminate the nightly atavism in sixteen years. “I think it would be quite a sensible thing to do,” he said.24


Kleitman, by contrast, refrained from giving any advice at all. During the first decade of his labors, he was quoted in the press on a dozen or so occasions, but almost always concerning the nature of sleep rather than its practice. He remained focused on basic science—the kind aimed at increasing human knowledge rather than solving practical problems, though transformative solutions can arise from it. He wanted, above all, to understand sleep’s rhythms: their characteristics, their origins, and their relationship to other bodily and mental functions. Intent on testing his own and others’ theories, he showed little interest in influencing popular opinion. The attention he craved was that of his scientific peers.25


[image: image]


Kleitman began cautiously, publishing a short paper in 1925 on excretion and respiration during sleep in humans.26 He also continued his work on human sleep deprivation, subjecting himself and several graduate students to bouts of experimental insomnia lasting up to 155 hours. Those trials attracted some media coverage, in brief articles with headlines like STUDIES SLEEP BY GOING WITHOUT IT OR CHICAGO SCIENTISTS SUFFER AGONIES IN STUDY OF EFFECTS OF WAKEFULNESS. “After the first 24 sleepless hours,” the Associated Press noted, Kleitman and his assistants found that “continuous speech or action was necessary to keep [subjects] from dozing off . . . They went cabareting, played horseshoes, indulged in wordy arguments and stationed guards to keep prodding them at the first sign of slumber.”27 The stories usually included a simplified version of Kleitman’s working hypothesis on the conditions necessary for sleep to begin. As the New York Herald-Tribune put it: “So long as muscles are in contraction, either by exercise or by merely being held tense, sleep seems impossible. Conversely, if all muscles are successfully relaxed and kept that way, sleep soon ensues.”28


Yet Kleitman was out for bigger game. Sometime during his first months on the faculty, he witnessed an experiment in Pavlovian conditioning at the University of Chicago’s pharmacology lab. Instead of using food as the unconditioned stimulus to make dogs salivate, the researchers employed an injection of morphine. After a few sessions, the animals began salivating the moment an experimenter entered the room. “[It] occurred to us,” Kleitman later wrote, “that this reflex might be used to test Pavlov’s theory of sleep.”29 As in his debut paper two years earlier, he would take on the Russian Nobel laureate—but this time, more directly.


Pavlov’s theory seemed simple at first glance. It was unveiled in a lecture (published in a Swedish physiology journal in 1923) titled “Internal Inhibition and Sleep Are Essentially the Same Physicochemical Process.” When neurons in the cerebral cortex received repetitive or excessive stimulation, he posited, they shut down to avoid being damaged. This “internal inhibition” began with isolated groups of cells but could spread across the entire cortex and into the lower regions of the brain, leading to a state that Pavlov called “generalized inhibition.” The phenomenon, he wrote, “is a daily occurrence. It is our sleep and the sleep of all animals.”30 From that point, though, the conceptual apparatus grew more baroque.


Pavlov had arrived at the notion of generalized inhibition not by observing natural sleep but by analyzing the behavior of dogs undergoing experiments in his St. Petersburg laboratory—where the relationship between stimulus and somnolence was anything but straightforward. Sometimes the animals dozed off when there was a long delay between being placed in the lab stand and receiving the conditioned stimulus, or between conditioned and unconditioned stimuli. Pavlov developed elaborate explanations for these varying responses. One general rule, he claimed, was that when dogs first learned to salivate in response to a conditioned stimulus, they reacted immediately—but with further training, as excitatory impulses waned, the interval lengthened. The reason animals often fell asleep during this delay, Pavlov argued, was that inhibitory impulses in the part of the cortex that controlled salivation had grown strong enough to spread throughout the brain.31


This unlikely hypothesis for why a dog might take a nap during a tedious or stressful experiment got surprisingly little pushback from established physiologists, perhaps due to Pavlov’s towering stature in the field. But Kleitman and a graduate student, George Crisler, set out to test the assertion’s basic premise: that animals responded more slowly to a conditioned stimulus as their training progressed.32


The study involved eight dogs, prepared with fistulas in the jaw enabling the collection of saliva in a test tube. The researchers began by placing each subject in a stand; they then injected the animal with morphine, which induced drooling. After several sessions, the dogs learned to associate the stand with the narcotic and started to salivate in expectation of a shot. Gradually, Kleitman and his assistant increased the delay between the conditioned stimulus (placement in the stand) and the unconditioned one (injection with the drug) to as long as two hours. They recorded the moment that salivation began and ended, how many milliliters were secreted, the timing and duration of sleep episodes, and a variety of other behaviors.33


The pair’s first report on these experiments was published in the American Journal of Physiology in February 1927. Its focus was on salivation rather than sleep, but its implications for Pavlov’s theory of generalized inhibition were not positive. Over the course of the yearlong study, some of the subjects did fall asleep before receiving morphine, but none displayed the delays in drooling that the model predicted.34


“[Our] results differ from those obtained by the workers in Pavlov’s laboratory,” Kleitman and Crisler wrote, “in that no delayed conditioned reflex was developed at all. Indeed, just the opposite was true.” When the dogs first learned to associate the stand with the morphine, it took them fifteen to twenty minutes to start drooling after being placed in the device. Over the following days, however, “the secretion began to pour out earlier, at a gradually increasing rate of flow, until in the fully established reflex the flow reached a maximum value as soon as the animals were placed in the stock and remained constant for the whole pre-morphine period. Nor did our dogs stop secreting saliva if, at the end of the customary test period in the stock, they did not receive morphine. They only slowed down a little.”35


The paper went unnoticed by the popular press. But it was the opening volley of an attack that would launch Kleitman to a new level of prominence.
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February 1927 also marked another pivot point in Kleitman’s life. That month, a mutual friend introduced him to the partner who would sustain him and his explorations for the next five decades. Paulena Schweizer was raised in the pre-statehood Oklahoma Territory, the daughter of frontier Jews. Her father, Jacob, was an immigrant from Germany who found his way to the settlement of El Reno, became a successful entrepreneur, and served with Theodore Roosevelt’s Rough Riders in the Spanish-American War. Her mother, Minnie, was a socialite from the cattle town of Wichita, Kansas.36


Dark-haired and fine-featured, Paulena was drawn to frontiers of a different sort. After studying acting at the American Academy of Dramatic Arts in New York City and elocution at the Kansas City Conservatory, she had spent some time on that city’s amateur theater scene.37 She’d gone on to earn a bachelor’s in sociology at the University of Chicago38
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