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				CHAPTER ONE

				OUR LIVES ARE WOVEN IN A FABRIC OF CHANCE

			
			Chance occurrences change the course of our lives all the time. Imagine the couple who meets in an airport when a blizzard cancels their flights. Or think of the entrepreneurs who happen to sit next to each other at jury duty and who hatch a business plan to start a company in the six hours it takes to be dismissed. Imagine the woman who misses the bus because a meeting ran late and who, on her walk home, happens to pass an animal shelter and adopts her new best friend.

			These are unpredictable moments—chance waltzing into our lives when we least expect it. We can all probably think of times in our lives when we were led down alternate paths, both good and bad, thanks to chance. These phenomena go by many familiar names: randomness, luck, serendipity, kismet, happenstance, accidents, or flukes.

			Chance can even play a role in life and death. A retiree collapses in the supermarket from a heart attack and is rushed to the hospital as paramedics perform CPR, but the ambulance is delayed due to scheduled road closures. He dies from the heart attack two weeks later. If he had collapsed the day before when the roads were clear, might he have survived? A child doesn’t get a flu shot at his annual doctor’s visit, because the vaccine is not yet available in his doctor’s office. His parents never bring him back for a flu shot appointment. That winter, he catches influenza and spreads it to his grandmother, who ends up in the hospital. Had the flu shot been available at his annual visit, he likely would have received it. Would he and his grandmother still have gotten sick?

			It’s frightening to think about how random occurrences contribute to our health, life, and death. We all like to think that if we do the right things—eat well, wear a seat belt, quit smoking, take the medications our doctor prescribes—we can control what happens with our bodies and our lives.

			This is no less true for doctors. We too like to think that the decisions we make for our patients—whether to prescribe them a drug, perform surgery, order a diagnostic test—are based only on science and carefully considered data, not on simple chance. The reality, though, is that medicine can be messy, complicated, and uncertain. There are many opportunities for randomness to affect the medical care we give and receive.

			Most people tend to think in terms of “good luck” and “bad luck”: the good luck of getting to the bus stop just as the bus arrives, or the bad luck of driving over a nail and getting a flat tire. But in everyday medicine, people are sent down paths of care by factors they may not think to consider—the doctor who happened to be working in the ER the day they sprained their ankle, or the patient they happened to share a waiting room with just prior to a routine doctor’s visit. It’s not “good luck” to sprain your ankle on a Tuesday or “bad luck” to sprain it on a Wednesday—it’s as random as a roll of the dice. Yet the day a person sprains their ankle may determine which doctor happens to treat them in the ER, and thus the likelihood they’re prescribed an opioid pain medication that could lead to long-term use. Because opioid-prescribing tendencies vary from doctor to doctor, as one important study demonstrated, the doctor you happen to see can have lasting repercussions. Similarly, it’s not inherently “good luck” or “bad luck” to share a doctor’s office waiting room with someone. But if that person happens to have a viral infection, a chance encounter could lead to a bout of the flu two weeks later, and especially for the very young and the elderly the flu is no laughing matter.

			In this book, we’re going to explore the hidden but predictable ways in which chance affects our health—and our health-care system. We’re going to do it by diving into real research conducted by ourselves and others. We’ll examine what happens to patients when the doctor they expect to see in an emergency can’t be at the hospital—and why they might be better off with a substitute. We’ll look at why meeting a surgeon just before a big birthday versus just after can affect major surgical decisions (and why this phenomenon can be explained by well-known grocery store pricing tactics). And in an era when health care is becoming increasingly politically polarized, we’ll see whether the politics of the doctor who happens to care for you in the hospital matters for the care that you receive.

			Beyond just making observations, we’re going to look at what these occurrences can teach us about what works and what doesn’t in health care today. Because while we can’t remove randomness from our lives, we can learn from it—so we don’t become victims of chance.

			

			—

			Economists, epidemiologists, and social scientists sometimes talk about “natural experiments.” Natural experiments are “natural” because they occur without the influence of any manipulating hand. One person grows up in one zip code; another person grows up across the street, which happens to be in a different zip code. One baby is born into a season of drought; another is born during record monsoons. There is no researcher designing a study, no patients signing up to participate, no new medical intervention being intentionally tested. These are conditions for accidental experiments, science occurring in the wild.

			Natural experiments run in contrast to what we might think of when we use the word “experiment.” In medicine, randomized controlled trials—the gold standard of science, where researchers randomly assign subjects to either a treatment or a control group and then follow them into the future—are our most powerful and preferred tool for studying cause and effect. They are our best way of knowing whether an intervention really works. These are the studies that have been used for decades to prove the efficacy of the blood pressure drugs, cancer therapies, and vaccines we use today.

			But randomized controlled trials aren’t perfect. They can be logistically difficult, expensive to perform, take unreasonable amounts of time, or be flat-out unethical. Imagine you were interested in studying the effect of air pollution on human health. A scientist couldn’t simply assign human test subjects to regions with different levels of air pollution and observe the results. Or imagine you wanted to study the long-term effects of screen time on children. Assuming you could surmount the complicated ethics of such a controlled study, you might still have to wait dozens of years to see results, at which point your study might have ceased to be relevant.

			So researchers in some fields—economics in particular—have come to rely on natural experiments in their work. How so? Let’s circle back to air pollution. You can’t just purposefully expose people to air pollution, but what if scientists could isolate a naturally occurring event in which some defined groups of people were exposed to higher levels of air pollution than some other groups were—by nothing more than chance? Actionable conclusions could be drawn from those findings.

			In one study, the Princeton economist Janet Currie and the UC Berkeley economist Reed Walker did precisely that. They showed that among families living near congested highway tollbooths in Pennsylvania and New Jersey, babies who happened to be born just before E-ZPass automatic payments were introduced were more likely to be born prematurely and with low birth weights than the babies born just after E-ZPass, when air pollution levels dropped alongside traffic congestion (since cars no longer needed to wait in long lines at tollbooths).

			You might be unconvinced. What if there were other factors at play? What if the types of mothers living near the toll plazas were somehow different—older or younger, more or less healthy—before and after E-ZPass started? The researchers wondered the same thing. But their analysis didn’t yield any major differences in the two groups, and the overall result was unchanged even after statistical adjustments were made for small differences in smoking, teenage pregnancy, education, race, and birth order (moms’ second versus third baby). The researchers even considered whether the findings were driven by health-conscious prospective home buyers, who knew air pollution would be reduced in the area, being more likely to move into the neighborhood. If that actually occurred, the greater demand should have driven up housing prices. But they found no differences in housing prices near toll plazas before and after E-ZPass. They could only conclude that E-ZPass meant less air pollution, and thus improved birth outcomes in the vicinity.

			Here’s another natural experiment in a similar spirit, this time by the University of Illinois Urbana-Champaign economists Tatyana Deryugina, Nolan Miller, David Molitor, and Julian Reif and the Georgia State University economist Garth Heutel, who were interested in the health effects of air pollution on elderly patients. The researchers looked at the death rates of certain patients on days when the wind happened to be blowing polluted air into a certain area compared with days when the wind blew away, directing pollution elsewhere. Is there any purer example of the role of chance than, literally, which way the wind blows? Sure enough, the economists found convincing evidence (“statistically significant” evidence, they would say) that days with greater incoming air pollution led to higher hospitalizations and death among the elderly of that region.

			In both instances, health outcomes were affected by chance—the mother who happened to deliver her baby after E-ZPass was introduced near her home, the elderly adults whose health outcomes were affected by the wind direction. But in both cases, the role of chance was measurable. This is more than just interesting data; it helps us rigorously quantify the effect of air pollution on our health, something no randomized controlled study could ever ethically achieve.

			

			—

			We are both practicing doctors, and so naturally we love a good randomized controlled study. But our backgrounds have given us a special affinity for natural experiments.

			One of us, Anupam (who goes by his middle name, Bapu), studied economics and biology at MIT and completed his medical training and PhD in economics at the University of Chicago. That makes him a member of the very small group of doctor/economists in the world. Today he’s a professor of health-care policy and medicine at Harvard Medical School and sees patients at Massachusetts General Hospital in Boston. Many of the stories and the studies that we’ll tell you about in this book come from his own experiences as a doctor who, when treating patients, can’t turn off the economist inside him. Bapu never planned to be a doctor and economist, though. That was chance, the result of a suggestion by an influential, eccentric professor at the University of Chicago who offhandedly suggested he consider doing a PhD in economics alongside medicine, instead of the biology PhD he had been considering. That suggestion hopefully wasn’t a reflection of Bapu’s promise as a biologist; either way, the rest is history.

			The other of us, Chris, is a pulmonary and critical care doctor at Massachusetts General Hospital, and also a health-care policy researcher on the faculty of Harvard Medical School. Learning the basics of medicine from rural patients in New Hampshire as a medical student at Dartmouth, and later from many of Boston’s historically underserved patient populations as a resident at Boston Medical Center and VA Boston, Chris completed his subspecialty and public health training at Harvard. He now does research into natural experiments in medicine while also treating patients in the intensive care unit.

			Our experience as doctors has shown us that, for as much as we’d love to see illness as something discrete—you isolate the culprit, identify it, hopefully treat it—the reality is that illness is extraordinarily complex. Sick patients under our care rarely present with only one problem. They can deteriorate without warning; we doctors often must act quickly, using imperfect information, to keep them alive.

			In acute hospital care especially, hard scientific evidence on what to do in any given situation is often limited. We are frequently forced to rely on our knowledge of how the body works, our experience, and our instincts. Fortunately for all of us, this approach is often effective. Yet it leaves us vulnerable to chance in ways that doctors and patients may not realize, but that we can all learn from (at least when we try). This book—as well as our work as doctors and researchers—is devoted to the idea that examining the role chance plays in medicine can contribute to the health of our patients and the well-being of our communities.

			

			—

			The beauty of natural experiments that occur in medicine—and why they so excite us that we wrote a whole book dedicated to them—is not only that they have the power to let us uncover problems in our health-care system that cannot be readily answered with traditional research but that they point us toward potential solutions. You don’t have to take our word for it. The study of natural experiments has been shown to be such a powerful tool that some of the pioneers of its modern use—David Card, Joshua Angrist, and Guido Imbens—were awarded the Nobel Prize in Economics in 2021. Their work has been credited with bringing about a so-called credibility revolution in the field, allowing the scientifically rigorous methods they helped develop to be applied to nearly every field of economics, including health economics.

			While economics has had a heavy hand to play in the modern study of natural experiments, one of the first natural experiments ever studied was actually in medicine. It was such an influential study that many call the physician who wrote it, Dr. John Snow, the “father” of the field of epidemiology—the study of diseases within populations.

			In 1854, London was suffering an outbreak of cholera, a diarrheal disease that would often lead to death from dehydration. At the time, it wasn’t known how cholera was spread. Because the disease caused gastrointestinal symptoms, Snow hypothesized that patients who contracted the illness had ingested something that caused disease. When an outbreak occurred among people living in a specific neighborhood, he began to investigate. There were dozens of deaths concentrated in the area, but he found it curious that some neighbors were completely unaffected while others became sick. He studied those who became sick or died, and he found that they had drunk from a specific water pump—how Londoners got their water at the time. Meanwhile, healthy neighbors who were otherwise similar—living in similar physical conditions, making a similar income, eating from similar food sources—happened to get their water from a different nearby pump, drawn from a different water supply. The water source could be the only culprit.

			This was a natural experiment at work. The findings supported Snow’s hypothesis that whatever was causing cholera was being ingested by sick patients. Confident in his conclusions, Snow had the handle removed from the offending pump, preventing locals from getting their water there.

			As it turned out, the water supply at that pump had been contaminated by sewage from a household with an early infection. And because his experiment was “natural,” he was able to establish cause and effect without ever seeing bacteria under a microscope or doing any of the modern tests we would rely on today. He simply collected data and analyzed it with an eye toward causality. We know now that Snow was right: Vibrio cholerae is the bacteria that causes cholera, and it’s spread via ingestion of food or water contaminated by infected sewage.

			Our health problems today are different in countless ways from those of Snow’s time (though, clearly, infectious disease remains a threat). But striving to improve and prolong life, free from disease, remains a priority of modern medicine, and the natural experiment remains as powerful a tool now as it was in 1854.

			

			—

			The challenge in identifying and studying natural experiments in health care, or in the world more broadly, is that it’s not always obvious when they’re happening! (Part of why we remain gainfully employed.) It takes practice to find them hiding in the data—we’re not all born with the instincts of John Snow. Indeed, the ways in which we’ve stumbled onto our studies have often been accidental, as much a product of chance as anything we discover in our research—a chance conversation with a spouse, a chance encounter while waiting in line for coffee, a chance experience with a patient or colleague.

			Our hope with this book is to show you that there’s much for us to learn from these natural experiments, as doctors and patients alike. We can expose the hidden forces in our health care that send two otherwise-similar people down very different paths of care, by chance alone. By examining those forces, we can identify their implications in the broader context of medicine and our daily lives. By the end of this book, you’ll have a framework for thinking about how chance might be affecting your life—at the doctor’s office, in the hospital, and beyond—and how we can use that knowledge to make ourselves healthier and happier, as individuals and as a community.

			But first, we’ll need to get a bit more comfortable with the language and concepts of natural experiments. In the next chapter, we’ll take a quick look at the role chance plays in others’ lives—presidents and pro football players, among them—to ease us into the subject. From there on out, we’ll tell stories about our patients, ourselves, and our research. We’ll show you how medical care can be accidental and how chance events create natural experiments that can help us navigate the gray areas of modern medicine. Some of these stories will apply to you, your parents, your kids, or your neighbors. Many will be just as relevant to your doctors (so feel free to leave an extra copy of this book in the waiting room at your next visit).

			Because if there’s one thing we’ve realized in our years-long study of chance, it’s that doctors (including ourselves) can be just as blind to these hidden forces as anyone else. And who can blame us? If we were aware of them, they wouldn’t be hidden.

			

			—

			Before moving on to the next chapter, there are a few key points that will be important to remember:

			
					
					There’s more to every research study. In order to focus on the important aspects, we won’t be discussing every aspect of every study we explore in this book. To be published in academic journals, research articles undergo a peer review and editorial process. When we share a study with you, we’ll do our best to give our honest and succinct interpretation of what it means to us, keeping in mind that every research study must be taken in the context of others. If you’re curious and want to learn more about any study we mention, we’ve put together an extensive bibliography so that you can look them up yourself.

				

					
					Research is a team sport. Most of the studies featured in this book were collaborations between multiple people and across multiple institutions. We think it’s important for you to know who did the work we’re talking about, but we don’t have space in the main text to list every single person who helped with the studies we’re discussing. Again, if you’re interested in learning more, we’d point you to the bibliography at the end of this book.

				

					
					We’ll let you know who’s talking. You’ll notice that we use the first-person voice to tell stories or describe research. Most of the time, “we” refers to both of us, but occasionally narration will shift to one of us, when telling a personal story or when describing research done by a group that didn’t include both of us. To avoid confusion, we’ll specify exactly whom we mean when we say “we” or “I,” before returning to the both of us in a new section.

				

					
					We have changed small details to protect privacy. Whenever we tell stories about specific patients, we either change some of the small details or create “composite” stories that tell a representative story of what a typical patient might experience. Our goal is to paint realistic, insider pictures of what goes on in the walls of the hospital without violating the confidentiality that all patients are entitled to.

				

			

			Now, with this in mind, let’s dive into the natural experiments.

		

	
		
		
			
				CHAPTER TWO

				NATURAL EXPERIMENTS

			
			It wasn’t long into Barack Obama’s presidency before people started noticing a subtle change in his appearance. The leader of the free world was going gray. Some wondered whether he had simply stopped dyeing his hair—after all, he was forty-seven when he took office, young for a president but certainly within the Just for Men demographic. Others assumed it was because of a phenomenon suggested by past presidents and researchers: that the burden of the presidency causes a person to age faster.

			“With the stress of a financial meltdown, two wars, and a massive oil spill, can you blame Mr. Obama for the salt-and-pepper top?” quipped a CNN report from 2010, less than two years into his presidency. The CNN coverage of Obama’s hair color continued at his barbershop in Chicago, where a customer pointed out that Obama was not alone. “Look on Bill Clinton, look on George Bush. It happened with them, so you know it’s going to happen with this president as well.”

			Obama didn’t dispute the point. A couple of years after leaving office, while speaking at a 2018 event in Indiana attended by the pro basketball player Victor Oladipo, he noted, “Ten years ago, I was campaigning for president. I had no gray hair at the time…. Victor Oladipo was showing me a picture of me and him together, and like, he looks the same [today]—but I don’t. But you know what? I earned this gray hair.”

			Obama’s implication is that while they are both ten years older than they had been in the photo, he aged faster than Oladipo over that ten-year stretch. But what does it mean to “age faster” than someone else? If aging is the process that ushers us from our births to our deaths, then aging faster must mean that we’re accelerating toward our deaths at a greater rate. In other words, dying younger.

			Now, let’s say you were interested in knowing whether being president actually leads to faster aging, and thus earlier death. How would you figure this out?

			The ideal way, as we’ve said, would be to run a randomized controlled trial. We would find a group of presidential hopefuls, then randomly make some of them president of the United States and some not, and then we would follow them into the future to see how long they live. We would need a reasonable sample size for the evidence to be compelling. Say, fifty presidents? We could then look at the differences in average life span between the people assigned to be president and those not assigned to be president. Any difference, we could then say, was caused by the accelerated aging of the presidency. We would know this to be true because randomization would ensure that no other variable was at play.

			The alert (or even slightly conscious) reader will notice several problems with our proposed trial. First, the U.S. Constitution does not allow for random assignment of the president—even for science. Second, since there’s only one president at a time, it could take a long time to do this study. Third…well, we won’t keep going, you get the point—a randomized controlled trial simply can’t answer this question.

			But a natural experiment could.

			For a natural experiment to take place, a chance occurrence must lead individuals down one of two paths—in this case, becoming president or not becoming president. Which path they take must be effectively random. This results in two groups: the group that was exposed to the presidency, and a control group made up of similar people who were not exposed to the presidency. If these groups are otherwise similar, then the experience of the control group should tell us what would have happened to the presidents had they not been elected.

			The philosophical term for the concept of “what would have happened” is the “counterfactual” (with what actually happened being the “factual”). We won’t bother you with too much jargon in this book, but the concept of the counterfactual is at the core of natural experiments and our study of chance in your health and health care. Since it can be hard to wrap your head around the idea, let’s turn to an example provided by a classic 1980s movie.

			At the beginning of the movie Back to the Future, we meet the teenager Marty McFly. He lives in 1985 in the home of his unhappily married parents, George, a wimp and a pushover, and Lorraine, who married George out of pity after her father hit him with his car in 1955. Through a series of chance occurrences, Marty takes a time machine to 1955, where he meets his parents as high school students. Marty ends up helping his teenage father stand up to the high school bully who torments him. In the process, Marty’s mother ends up seeing his father in a whole new light. When Marty returns to 1985, he finds the course of his parents’ lives completely changed: they are now deeply in love, his father confident and successful.

			The movie ultimately presents us with two different timelines, each of which is counterfactual to the other. One shows what would have happened had Marty never traveled back in time and intervened (unhappily married parents). The other shows what happens after he does (happily married parents). Because we know what happens in each timeline, and the only difference between the timelines is Marty’s intervention, we can attribute any difference between the counterfactual 1985s to Marty and the time machine and conclude that Marty’s actions in 1955 caused his parents’ happy marriage.

			Now, back to our presidents. We need a control group with which we can compare Obama and his fellow leaders, and unlike in Back to the Future we don’t have a time machine at our disposal. We can’t see what would have happened to President George W. Bush if we went back in time and intervened in the Florida election to make Al Gore become president in 2000 (a counterfactual timeline that was very nearly factual).

			One solution would be to compare presidents with a control group composed of runners-up. After all, presidential runners-up are (with exceptions) high-profile politicians too, ones who, on average, had similar past experiences as the actual presidents and who might be expected to have similar futures to those the presidents would have had, had they not been elected.

			Scientific experiments favor randomization for a very good reason: randomized assignment to either an intervention or a control group helps ensure that no other variable is affecting the results. But elections are far from random; the U.S. Constitution is quite clear on this score: elections are to represent the will of the people, not the flip of a coin.

			Today the vast majority of voters cast a ballot for president because they’re a member of a certain party, because they like the policies their candidate is proposing, or maybe just because their preferred candidate feels like the right person for the job. Voters are not, we can safely say, making their choice because of one candidate’s long-term risk of stroke, heart disease, or cancer. Candidate ages may—and certainly have—influenced elections. But to the extent that voters consider a candidate’s age when casting their vote, they’re probably not thinking about whether a fifty-year-old candidate’s expected longevity or risk of disease exceeds that of other fifty-year-olds.

			For our purposes, then, winning or losing an election operates as a chance occurrence. The outcome of the election itself isn’t random; public sentiment and national politics decide elections. But we can say that it divides candidates randomly in terms of their expected longevity compared with others their age. We might say that which candidate gets exposed to the stresses of the presidency and which doesn’t is “as good as random” with respect to their future health.

			If we think about our presidential natural experiment in terms of Back to the Future, an election is a bit like the critical moment when Marty McFly’s time machine touches down in 1955. An immediate splintering takes place on Election Day: one candidate becomes president, and all of us are sent down the timeline in which that candidate presides. With a time machine, we could go back, intervene to change the election results, start a new, counterfactual timeline in which the other candidate won, and then compare the two timelines to see how long the candidate lived in each case. But since we don’t have a time machine, we work with what we have: the “runners-up.”

			The candidate who gets elected president is exposed to the office’s rewards (power, fame, a nice house, a tricked-out Boeing 747) and its stresses (“a financial meltdown, two wars, and a massive oil spill”). The runner-up does what runners-up have always done, and what the president would likely have done in the same shoes—preserve their high profile, hold some other, less presidential role (after losing the 2000 presidential election to George W. Bush, Al Gore became America’s most visible environmental activist—a job that, of course, carries its own stresses, but probably fewer than that of the presidency).

			Election runners-up, therefore, make a pretty good counterfactual group to compare with election winners; what happens to them tells us what would have happened to presidents in the counterfactual world in which they never served as president.

			Clearly there’s a natural experiment here begging to be conducted. A group of us (Bapu, the Columbia economist Andrew Olenski, and the NYU orthopedic surgeon Matthew Abola) decided to take a closer look. We used data from seventeen countries around the world, studying the mortality of elected government leaders who held similar positions (presidents, premiers, prime ministers) and were elected in a way that, as in the United States, was as good as random with respect to their future health. We started all the way back in 1722 (the first election of a U.K. prime minister) and included elections until the time we did the study in 2015.

			Our goal was to see how long candidates lived, on average, following an election, and to compare election winners with the group of runners-up. To do this, we had to account for several complicating factors, such as candidates who ran and lost, but later ran and won (for example, the early U.S. presidents John Adams and Thomas Jefferson, who both came in second place in prior elections, thus serving as vice president under the rules at the time, before later winning); differences in general life expectancy in different countries and in different centuries; and most important, differences in candidates’ age or gender at the time of election.[*]

			We accounted for age by first comparing the number of years a winning candidate lived beyond the year of the election (that is, the difference in age between when they died and when they were first elected) with the remaining life expectancy of individuals of the same sex and gender in the year of the election. This provided a difference between the observed and the expected number of years alive after election for winning candidates. We made this same comparison for runners-up: we calculated how many years they lived after the election they lost, then compared that number with their expected remaining years of life, based on their age and gender at the time of election. We then compared these two differences with each other, allowing us to account for the age and gender of winning candidates and runners-up and their differing remaining life expectancy at the time of election.

			Our results vindicated the popular wisdom, not to mention our graying commanders in chief: after we adjusted for differences like age and sex, election winners lived an average of 2.7 years fewer than their runners-up. In other words, being elected head of government caused the leaders to age 2.7 years faster than they would have had they lost the election.

			Does this result say exactly why election winners didn’t live as long as runners-up? Not really. It provides evidence that “the presidency” or “the prime ministership,” including the events after their term, could reduce life expectancy. But from these data alone, we can’t say exactly why that is. It could be that once elected, leaders start eating worse, sleeping less, smoking more, exercising less, or picking up any number of other unhealthy habits—some of which may persist after they leave office. It seems reasonable to lump any of these plausible explanations under “stress” and conclude that, indeed, the stress of being a head of government ages you faster. (It’s worth noting that some elected leaders became targets of assassination, which obviously shortened their lives. But excluding assassinations from our analysis didn’t affect our findings, likely because they’re so rare.)

			Importantly, these results don’t tell us what would happen if you were to suddenly become president tomorrow. It only included people who were in an imminent position to become head of government. To borrow the terminology that scientists sometimes use, the findings of this study aren’t “generalizable” to you. (That’s assuming you are not, yourself, a president or world leader; otherwise, thank you, G20 summit attendees, for joining us!) We also can’t say what happens to people elected to head of government outside the seventeen countries included in this study. Finally, we have to remember that this is an average—for some presidents, the effect could be lesser or greater. We have no way of knowing what it would be for any given elected leader.

			Let’s recap this natural experiment: We wanted to know whether heads of government age faster—that is, die earlier—than they otherwise would have had they not been head of a government, and we couldn’t reasonably conduct a randomized controlled trial to find out. As far as the candidate’s life expectancy is concerned, the result of an election is an as-good-as-random event, which meant candidates would be divided by chance into two balanced groups after the election: winners and runners-up. They are counterfactual to each other: what happened to the runners-up represents, on average, what would have happened to the winners had they not been elected, and vice versa. The difference in life expectancy between these two groups, 2.7 years, represents the average amount of accelerated aging attributable to serving as head of government.

			Got it? Okay, now let’s jump a little further down the rabbit hole.

			

			
				
				—
			

			The race for president isn’t the only one in which winning and losing can be used as a randomizing event. Any casual viewer of the Olympics knows that the difference between a gold medal and a silver medal can be fractions of a second, or slight differences in judges’ subjectively assigned points. While getting to the Olympics is of course not a random event—athletes work tirelessly for years to reach their level of performance—it’s easy to imagine how chance occurrences could slow someone down a few hundredths of a second, turning a gold into a silver, or a silver into a bronze, or a bronze into obscurity.

			The Utrecht University economist Adriaan Kalwij saw a natural experiment here. He wanted to see if winning or losing at the Olympics affected the life span of elite athletes. Of course, Olympians are in incredible shape, and on average they live longer than the rest of us. The question was whether competition results affected life expectancy among their fellow medal winners.

			Specifically, Kalwij wanted to know this: What was the psychological effect of winning silver—coming so close to winning something you have worked your whole life to achieve and falling just short? Could it have long-term health effects? He cites the comedian Jerry Seinfeld, who sums up the hypothesis nicely in a bit from a 1998 comedy special: “If I was an Olympic athlete, I would rather come in last than win the silver, if you think about it…. You win the gold, you feel good. You win the bronze, you think, ‘Well, at least I got something.’ But if you win that silver, that’s like, ‘Congratulations, you almost won. Of all the losers, you came in first of that group…. You’re the number one loser.’ ”

			In his 2018 study, Kalwij parsed data from the 1904 through 1936 Olympics (giving him enough time to observe the life span of all but the two still-living medalists) to look for differences in longevity between gold, silver, and bronze medalists. On average, these athletes would presumably have had pretty similar life expectancies going into the Olympics, based on more or less similar degrees of physical fitness. As far as their life expectancy was concerned, who won gold, silver, and bronze was as good as random.

			Sure enough, gold and bronze medalists had similar life expectancies: 74.8 years for bronze, 73.2 for gold—statistically, a nonsignificant difference. Silver medalists, however, didn’t fare as well, with a life expectancy of only 70.8 years—significantly less than either gold or bronze. It seems Seinfeld was right: the psychological effect of falling just short of being crowned the “best in the world” can take years off your life.

			

			—

			Now, you may be skeptical of these results. You may not think it’s fair to assume that what has happened to the Al Gores and Mitt Romneys of the world is what would have happened to the George W. Bushes and Barack Obamas, had their roles been reversed. Or maybe the assumption that Olympic gold medalists are basically the same as silver medalists, other than the metal in their medal, doesn’t ring true to you. If so, that shows you are thinking critically of these experiments as we present them. Not only is that okay, but it’s encouraged. We want you to listen to that part of your brain as you read this book.

			When we study natural experiments, we try to come at them with as much skepticism as we can muster—which is why we deeply research and publish only a small fraction of the natural experiments we conceive, those that can stand up to rigorous scientific scrutiny. And even then, others who approach the same questions with different data and different methods may arrive at different findings. That, too, is okay.

			As we look at more natural experiments in the pages ahead, our goal will not be to convince you that the studies and findings we present are the Absolute Truth, full stop. Research studies of all types have limitations. They are built on assumptions that are sometimes difficult to verify, making it impossible to be completely confident in any single study’s finding. Rather, our goal is to show you how these experiments are built—on a foundation of chance—and let you arrive at your own conclusions (though we won’t be shy about telling you our own).

			Skeptical or not, you’ve had a few chances now to see how natural experiments can be designed to help resolve a question that would otherwise be impossible to answer. Let’s try another one.

			In 1987, members of the National Football League Players Association (the union representing professional football players in the NFL) went on strike as part of a contract dispute. Instead of canceling games due to lack of players, though, NFL teams hired replacement players to throw on their uniforms and play the scheduled games (the 2000 film The Replacements with Keanu Reeves is a fictionalized version of this event). These replacement players were skilled football players in their own right, with professional backgrounds similar to those of the NFL players. They simply hadn’t made the cut to play at the highest level of the sport. Perhaps they would have stayed that way, but chance intervened, and the NFL players went on strike. The replacement players ended up playing just three games before the strike ended and the original players finished the season.

			In the decades since the strike, the health of football players has been a topic of considerable interest, particularly the effects of chronic traumatic encephalopathy (CTE) from repeated head trauma, not to mention other potentially harmful exposures that accompany the life of a pro football player. While studies had shown that NFL players lived longer than the general population (not surprising given their physical fitness, higher incomes, and access to high-quality medical care), no studies had answered whether playing football in the NFL was causing players harm that would lead them, on average, to die sooner than they otherwise would.

			Just like with the presidents, there is no experimental trial that could reasonably be done here. Even if you sometimes feel as though your long-suffering team must draft players by throwing darts at a dartboard, player selection is rarely left to chance. The 1987 players’ strike offered us (Bapu, the cardiologist Maheer Gandhavadi, and the lead author of the study, the University of Pennsylvania economist and physician Atheendar Venkataramani) a nice natural experiment to try to quantify the effect on life spans of playing pro football.

			The 1987 replacement players were no schlubs; these were mostly players who had played football at very high levels, either in college or in other professional leagues besides the NFL. The chief difference between the replacement players and the players on strike was that the former group fell just short in terms of talent and skill to play in the NFL. Perhaps if they had come up at a different time, in a different place, or played a different position, some of them could just as well have been playing in the NFL. And if not, while replacement players were not exactly NFL athletes themselves, they were likely closer to NFL athletes in physical health than to the general population.

			Just like presidential runners-up, the replacement players offer us a counterfactual. They tell us something about what NFL players’ lives might have looked like in other circumstances. As far as their long-term health is concerned, then, making it into the NFL could be considered as good as random. The replacement players, who played only three games in the NFL, are our control group; the NFL players who spent their entire career in the league are our experimental group.

			We studied 879 replacement players and compared them with 2,933 NFL players who started their career in the five years surrounding the strike. Finding data on deaths was no easy feat. We collected death information on both groups of players from a variety of data sources, including death certificate data maintained on all Americans by the Centers for Disease Control and Prevention (CDC), online obituaries, and news articles. We considered not just if they died but how they died in the intervening thirty years.

			What we found was that 4.7 percent of NFL players and 4.2 percent of replacement players had died. After accounting for several factors that could contribute to mortality differences between these groups (like players’ year of birth, weight, height, and position they played), we found that in any given year NFL players were 38 percent more likely to die than replacement players. It’s a meaningful number, but we should hasten to point out that it did not reach the conventionally used level of statistical significance, largely because relatively few deaths had occurred in the thirty years following the players’ strike. So we couldn’t definitively conclude that NFL players had lower life expectancies than their counterfactual counterparts, though our findings were suggestive of that possibility. As both groups of players get older, a clearer picture will emerge.

			There’s a bit more to this story, though. Both the NFL players and the replacement players tended to die as a result of those conditions common to men their age: heart disease, suicide, injuries, and cancer. But—and this is an important difference—there was a higher proportion of deaths from traffic accidents, unintentional harm (typically due to overdoses), and neurological diseases among the NFL players than there was for the replacement players. These are some of the causes of death that tend to be associated with CTE due to repeated head trauma.

			When interpreting this study’s findings, we should keep in mind that NFL players and replacement players likely had similar backgrounds prior to being drafted—the splintering moment that separates our experimental group from our control. Both would likely have played football since they were kids and through college. This is important because those are critical years in brain development, where repeated head trauma could put them at risk for CTE. Before they were even eligible to play in the NFL, they would have been under similar pressure to train extremely hard, with some turning to potentially unhealthy measures like anabolic steroids that could lead to increased risk of heart disease. Any long-term damage to players’ bodies that occurred before joining the NFL could not be inferred from our analysis. Our study, then, was necessarily focused on what distinguished these two groups from each other, not which experiences they shared.

			

			—

			By now we’ve considered a few natural experiments in different milieus and have seen the types of questions that can be answered when we look closely at them. If the concepts are still a bit fuzzy, don’t worry; we’ll be visiting them again from different angles and in different situations. You’re also probably holding on to at least a bit of skepticism. Again—we like that; it will serve you well in the chapters to come. It’s time now to look at chance and the natural experiments it creates in the health-care system, where the stakes are high and the participants aren’t presidents or Olympians or professional football players but, indeed, all the rest of us.

		

		
			Skip Notes

			
				* This last factor was particularly important. If candidates who are older and/or men are more likely to win elections, we would incorrectly conclude that winning an election shortens life span, when it is simply that older candidates, in particular those who are men, may have lower remaining life expectancy than younger candidates, especially those who are women. When groups differ in certain factors, like age or gender, that are correlated with both the exposure of interest (in this case, whether a candidate won an election) and the outcome of interest (in this case, whether a candidate died earlier than would be expected), researchers worry about something called “confounding.” We’ll be talking about confounding and confounders in later chapters, but in general, when we say that we “adjusted for” or “accounted for” differences between groups, it’s to avoid biased findings that stem from differences in group characteristics.

			

		

	
		
		
			
				CHAPTER THREE

				WHY ARE KIDS WITH SUMMER BIRTHDAYS MORE LIKELY TO GET THE FLU?

			
			As any parent can attest, having young children means going to the pediatrician—a lot. Current medical guidelines recommend that healthy children visit their pediatrician fourteen times by the time they turn three years old just for checkups, not to mention visits for when they get sick, which happens often. Needless to say, parents of young kids get to know their pediatrician’s office pretty well—the discomfort of their waiting room chairs, the brightly hued wall art, the years-old magazines, the various staff personalities.

			Parents also learn quickly how big a hassle it can be to go to the pediatrician. It’s something the two of us know all too well; each of us has two young children. In households like ours, with two working parents, one parent inevitably has to take off at least half a day of work, strap the kid into the car or take public transit, sit in a waiting room, see the nurse and doctor, console the kid after any shots or tests, bring the kid back to day care or school or wherever they go, and then go back to work. For some parents, time spent going to the pediatrician is more than just a fleeting inconvenience; it can mean lost income. But parents want to make sure their kids are healthy and growing well, so they deal with the hassles the best they can.

			A few years ago, I (Bapu) took my toddler-age son to the pediatrician for an annual checkup. He had been born in August, so, naturally, his appointment was scheduled for August of that year. At the end of the visit, the nurse told me to call the office in a few weeks to make an appointment for my son to get his flu shot; it wasn’t available yet but would be in September. For kids and adults alike, the Centers for Disease Control and Prevention recommends an annual influenza[*1] vaccination every fall, ideally by the end of October.

			Though I wasn’t looking forward to yet another trip to the pediatrician, I—trying to be a diligent father—called the clinic back in a few weeks for a shot appointment. But none were available on the days I could go. So I called my local CVS and Walgreens, but they didn’t administer vaccines to toddlers. Eventually, I managed to get my son to the doctor for his shot, but the process was difficult and inconvenient. For my own part, I got a flu shot in five minutes at a vaccination event at work.

			If a medical professional with flexibility in their work schedule had this much trouble getting their son a flu shot, other parents in a similar situation might not get their young kids back to the doctor at all. The ordeal got me thinking. If my son had been born in September rather than August, the flu shot would have been available at his annual checkup, around his birthday. He never would have had to come back for an extra visit.

			You can see where this is heading. As I told this story to Chris—who also has a young son born in August—we agreed: it had all the early trappings of a great natural experiment, a problem way bigger than just one father and son. After all, influenza is a major public health problem in the United States, responsible for thousands of deaths, billions of dollars of medical expenses, and millions of days of economic productivity lost every year. While getting infected may not be much more than an annoyance for most young, healthy patients, they can easily spread it to adults and the elderly who may not fare so well.

			This is how many of our ideas for research come about. Something happens in our lives, whether at home or at work in the hospital, that makes us think, “Hmm, what if things had played out differently?” When you start taking in the world this way, you see these opportunities everywhere: “If the power hadn’t gone out because of a storm, would this patient still have come to the emergency department?”; “If a different doctor had been on duty, would this rare diagnosis have been missed?”; “If an obstetrician’s previous delivery hadn’t gone wrong, would they still have chosen to perform a C-section this time, instead of the previously planned vaginal delivery?”

			A few times a week, the two of us get together with our research colleagues and spitball ideas. As a group, we refine, think aloud, weigh the potential of a natural experiment. Could a serious (or sometimes not-so-serious[*2]) research question be answered using these methods? And do we have the data to investigate it?

			Most of the time, the answers to one of these two questions is no. A good number of pitches never make it past the “idea phase.” But occasionally, there’s an idea that holds water: it seems worthy of investigation and we have the ability to study it.

			When we all sat down one day to talk about flu shots in kids with summer birthdays, the first thing we asked ourselves was whether there was a true natural experiment here: In other words, do kids with different birthdays get sent down different paths of care for flu shots strictly by chance? It was pretty clear to us that the answer could be yes. Young kids born in August—or June or March for that matter—likely did not get their flu shot at their annual physicals. Kids born in September, October, or November were much more likely to do so. (Any later than November and kids start to run the risk of not having adequate immunity built up for the worst of flu season.) This meant that kids born in the fall could be said to be on an “easy flu shot” pathway, while kids born in other months were effectively on a “difficult flu shot” pathway.

			But did this happen by chance? As far as flu shots were concerned, yes. There’s no reason to think that someone born in April would, on average, have any biological or medical reason to get a flu shot that differs from someone born in October, nor is there evidence to suggest that spring babies are more susceptible to influenza than fall babies.

			If we were to bring Marty McFly and his time machine back into the picture, we could imagine him going back in time and somehow changing the month in which kids were born (not sure how he would accomplish this, but let’s suspend our disbelief for a moment). In this scenario, we wouldn’t be fracturing events into two different timelines, as we did before with presidents versus runners-up, gold versus silver medalists, or NFL versus replacement players. Instead, we’d have to create twelve different timelines, one timeline for each month of the year in which a certain group of children could be born. We could then see the effect of birth month on those children in their rate of getting flu shots.

			We don’t need a time machine, of course. If birthdays are as good as random, the group of kids born in any given month should operate as counterfactuals to kids born in any of the other eleven months (that is, what happens to kids born in September is what would have happened to kids
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