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Introduction: What This Book Is (and Isn’t)



WHEN A RESEARCH INSTITUTE in La Jolla, California, issued a press release with the provocative title “Exercise in a Pill” in the summer of 2008, it wasn’t hard to predict the headlines that would be splashed across the next day’s newspapers. “Trying to reap the health benefits of exercise? Forget treadmills and spin classes,” the release proclaimed. “Researchers at the Salk Institute for Biological Studies may have found a way around the sweat and pain.” Feeding a drug called AICAR to a group of mice for four weeks allowed them to run 44 percent longer than drug-free mice, the new study found—without a single step of training.

Stories like this are hard to resist. After all, who wouldn’t love a pain-free, effortless shortcut to fitness? That’s why we’re bombarded on a daily basis by similar promises in magazines, on television, over the Internet, and in our spam folders. There’s just one problem with these get-fit-quick schemes: they don’t work.

Exercise, as medical physiologists Frank Booth and Matthew Laye of the University of Missouri pointed out in a critique of the Salk Institute study, affects almost every organ system in your body—circulatory, neural, endocrine, gastrointestinal, immune, kidney, skeletal muscle, bone, ligament, and so on. In fact, the only systems that don’t respond to exercise appear to be the senses and (surprisingly) the lungs. Unless a pill can somehow produce changes in all these systems simultaneously, it will never replace exercise. (Moreover, you don’t get healthy by having the capacity to run 44 percent farther—you can only burn calories and get the resulting benefits by actually doing it.)

So let me begin with a full disclosure: this book does not contain any secret workouts or magic pills that will produce instant fitness.

Instead, what follows is an up-to-date guide to what scientists know about exercise, health, and performance—and, just as importantly, what they don’t know. It’s an “evidence-based” guide: the answers it offers to common fitness questions aren’t based on conventional wisdom or gut feelings. Instead, they’re drawn from the more than 400 peer-reviewed journal articles listed in the reference section at the back, along with over 100 interviews with researchers around the world.

That means that if scientists don’t yet have a definitive answer to a question, I haven’t just made one up. For example, the last few years have seen a surge of interest in running barefoot or in “minimalist” shoes, a practice that some people believe reduces the risk of injury compared with conventional running shoes. A few studies examining how running barefoot affects your joints have now been published, but the results so far have been ambiguous—so, in chapter 2, you can read about some of these studies and make up your own mind about whether the potential benefits outweigh the risks (and the funny looks). For someone who has been repeatedly injured trying to run in conventional shoes, the answer might be yes; for someone trying running for the first time, probably not.

This is an important point: there’s no single “best” exercise program or technique that applies to everyone. You’ll have to take into account your background, current level of fitness, and goals in designing an appropriate workout regimen—not to mention more subtle considerations like the types of activity you enjoy. After all, the most effective program is the one you can stick with!

No matter what type of exercise you choose, there are some basic concepts that govern the training process, in particular, the “Specific Adaptation to Imposed Demands” (SAID) principle:

When the body is subjected to stresses and overloads of varying intensities, it will gradually adapt over time to overcome whatever demands are placed on it.

That’s what every form of exercise boils down to. The stress could be lifting weights or pedaling a bicycle, and the adaptation is bigger muscle fibers, a stronger heart, and hundreds of other microscopic changes. The key is balancing the size of the stress: too small (lifting a half-pound weight, say), and your body won’t see any need to adapt; too large, and it won’t have a chance to adapt due to injury or exhaustion. Much of the research described in this book aims to help you find this delicate balance.

Your body’s overall goal in making these adaptations is, simply put, to more efficiently convert the energy from your food into physical action. Every move you make is powered by the contraction of muscle fibers, and these contractions are fueled by a molecule called ATP (adenosine triphosphate) extracted from the carbohydrate, fat, and protein you’ve eaten.

Your body has several different ways of converting nutrients to ATP. One supply is stored in a form called phosphocreatine, which can provide energy for short, intense bursts lasting up to about 10 seconds. A process called glycolysis offers another source of ATP that lasts about 45 seconds. Neither of these processes requires oxygen to create ATP, so they’re known as “anaerobic” (literally “without oxygen”) energy sources. For longer spurts of exercise, the tiny “power plants” in your cells called mitochondria can convert carbohydrate or fat to ATP, but the process requires oxygen—which is why sustained exercise is referred to as “aerobic.”

As your body adapts to exercise, you’ll become more efficient at every step of this process. Your cells generate more mitochondria, enabling you to produce more ATP; you start burning a higher proportion of fat (a virtually unlimited form of stored energy) instead of carbohydrate; and the muscle fibers themselves produce more force with each contraction.

In addition to these functional adaptations, your body will remodel its structure. Less fat and bigger muscles are the two most obvious changes, but other adjustments will be taking place under the surface. The constant tug of stronger muscles on your skeleton results in stronger bones; your heart literally grows bigger in order to pump more oxygen-rich blood to hard-working muscles; you develop a more extensive network of capillaries to distribute that blood; the nerves that carry commands from your brain to your muscles learn to do so more quickly and efficiently; and on and on.

In some ways, though, the most important adaptations—and perhaps the most unexpected—are those that occur in the brain. This is a field of research that remains in its infancy, though it has been gathering momentum for the past few years. But what we do know for sure is that the increased flow of blood and growth factors to the brain during exercise has dramatic effects, boosting memory and learning, enhancing cognition, and warding off the effects of aging. And exercise also stimulates the release of powerful mood-altering chemicals like endorphins, so much so that some researchers argue that it can become a mild addiction.

If that’s the case, it’s an outcome that I devoutly wish for everyone who reads this book. When, as a teenager, I started trying to run on a daily basis, it was a tremendous chore. It stayed that way for several years—until, during a layoff due to injury, I suddenly realized how much I missed it. These days, my workout is the highlight of my day, a chance to get outside, unwind, perhaps spend time with my wife or friends, or simply be alone with my thoughts. I don’t believe that researchers will ever succeed in producing “exercise in a pill”—but if they did, I wouldn’t be interested in taking it. I hope that, after reading this book and putting some of its ideas into practice, you’ll end up feeling the same way.






Chapter 1
 Getting Started



IN 1960, PRESIDENT-ELECT JOHN F. KENNEDY wrote an article for Sports Illustrated called “The Soft American,” lamenting the declining role of physical activity in everyday life. “Today human activity, the labor of the human body, is rapidly being engineered out of working life,” he wrote. “By the 1970s, according to many economists, the man who works with his hands will be almost extinct.” That prediction didn’t quite pan out—but it’s certainly true that, for most of us, physical activity is now a choice rather than the necessity it was for our ancestors.

Kennedy was concerned that Americans wouldn’t have the “vigor and determination” necessary to match the Soviet Union; today, we’ve realized that physical fitness is essential to the health of our bodies and minds. But the basic challenge remains the same: if you’ve just begun working out recently, or you’re about to head to the gym for the first time, you need to know what to expect. How hard to push, how long it will take to see results, how to make the most of your workout time, how to minimize the risks associated with starting an exercise program—these are the issues you should consider before getting started.

How long does it take to get in shape?

First, the good news. Your body actually starts getting stronger and healthier just hours after you start working out. But if you’re wondering how long it will take to rock a six-pack—well, you’ll have to be a bit more patient. A few years ago, exercise scientist Megan Anderson and her colleagues at the University of Wisconsin-La Crosse put 25 sedentary volunteers through an intense six-week exercise program modeled on the bold claims made by companies such as Bowflex and Body-for-Life. Despite sticking to the program religiously, zero percent of the subjects developed instant washboard abs. In fact, a panel of six judges could detect no differences whatsoever in their physical attractiveness before and after the program.

That doesn’t mean nothing was happening. After just a few strength training sessions, your brain learns to recruit more muscle fibers and make them contract all at once to produce a greater force. This “neural activation” kicks in after only a few workouts, allowing you to get stronger almost immediately, well before your muscles get noticeably bigger. Further strength gains come as the individual muscle fibers within your muscles get bigger, which starts in as little as two weeks if you’re training intensely. But it takes longer for these changes to be noticeable: even with sophisticated lab equipment, researchers can’t usually detect changes in fat and muscle composition until after about nine weeks of training. Similarly, a University of Tokyo study published in 2010 saw the biggest increases in strength after two months and the biggest boost in muscle size after three months. To achieve these rapid gains, the subjects were doing four very hard workouts a week. For the average person at the gym, it will take six months or more to see significant sculpting of the body—even though strength has been increasing from day one.

Weight loss is more difficult to predict, because it depends on your starting point, your health history, your genetics, and your diet as well as your workout routine. But like strength training, aerobic exercise produces major health and performance benefits long before you see them in the mirror. Aerobic exercise increases the number of mitochondria, which are essentially the “cellular power plants” in your muscles that use oxygen to produce energy: the more mitochondria you have, the farther and faster you can run, and the more fat your muscles will burn. Studies have found that about six weeks of training will boost mitochondria levels by 50 to 100 percent.

Health benefits, on the other hand, kick in after a single bout of aerobic exercise. For about 48 hours after a workout, your muscles will be consuming more glucose than usual, helping to bring down blood-sugar levels. After a few workouts, your insulin sensitivity will begin to improve, offering further control of blood sugar.

The bottom line: “Getting in shape” is a journey that extends over months and even years, but the process—and the benefits—start as soon as you begin exercising. So if you’re having trouble staying motivated without immediate physical changes, track your strength and endurance gains along the way.

Am I exercising enough?

This is a hugely controversial question, but not in the way you might expect. Almost all experts agree about what the science says—but they’re bitterly divided about what message they should convey to the public. Decades of research have made two things crystal clear:


1. Every bit of exercise helps, even in scraps as short as 10 minutes.

2. More is almost always better.



The challenge is conveying the second message without discouraging the people who are still struggling with the first. And there are a lot of people struggling: in 2008, the Centers for Disease Control and Prevention found that a quarter of Americans hadn’t done any physical activity at all in the previous month. And less than half met the modest government-mandated Healthy People 2010 goal of 30 minutes of moderate exercise five times a week. In Canada, only a third of people are meeting a similar goal of 30 minutes at a moderate effort, four times a week.

From a public health perspective, the top priority is getting those inactive people to start moving, even a little bit. Going from zero to slightly active offers the biggest possible health boost, according to a recent National Institutes of Health study that followed 250,000 men and women between the ages of 50 and 71. Those who were just slightly active but didn’t manage to meet the exercise guidelines were 30 percent less likely to die than those who were totally inactive. Stepping it up to moderate exercise reduced risk by only eight more percent, and adding in some vigorous exercise subtracted an additional 12 percent. When you combine that data, you find that getting half an hour of moderate to vigorous exercise five times a week cuts your risk of dying from all causes in half. So far, so good. The controversy starts when you ask what happens if you do more exercise than the government guidelines recommend. According to researchers like Paul Williams of the Lawrence Berkeley National Laboratory, you keep piling up more and more benefits. Williams has been following a cohort of 120,000 runners since 1991, tracking how much they run and what happens to their health. With this enormous sample size, his National Runners’ Health Study has been able to uncover a pronounced “dose–response” relationship between aerobic exercise and health: the more you do, and the harder you do it, the more benefits you get.

What kind of benefits, you ask? Well, in a series of studies stretching back over a decade, Williams has found that the risk of everything from big killers like diabetes, stroke, and heart attack to less common conditions like glaucoma, cataracts, and macular degeneration can be reduced by as much as 70 percent by going beyond the standard exercise guidelines. In every case, the benefits relate to both how much running the subjects do and how fast they do it. For example, every additional mile in your average daily run lowers your glaucoma risk by 8 percent. And speeding up your 10K time by one meter per second (the difference between, say, finishing times of 53 minutes and 40 minutes) lowers heart attack risk by about 50 percent.

It is true that overdoing your workout regimen can weaken your immune system (later in this chapter), especially if you’re not eating and sleeping well. And elite athletes training for hours a day at extremely high intensities sometime suffer from “overtraining” syndrome. But the message of Williams’s research is that the risks of doing too much—and these results apply to all forms of aerobic exercise, not just running—pale in comparison to the benefits of doing a bit more.

Which should I do first: cardio or weights?

Let’s start with one incontrovertible fact: you can’t fulfill your ultimate potential as both a weightlifter and a marathoner at the same time. Too many hours sweating on the elliptical will hinder your ability to put on muscle, and pumping too much iron will slow your endurance gains. But most of us don’t want Olympic medals in both events. We just want some combination of reasonable cardiovascular fitness and non-vanishing muscles—a desire shared by many elite athletes. Top basketball players, for instance, need strength and explosiveness but also have to last for a full 40 to 60 minutes on the court.

The solution, according to Derek Hansen, the head coach for strength and conditioning at Simon Fraser University in Vancouver, British Columbia, and a speed consultant to numerous Olympic athletes, is to mix it up. For basketball players, he says, “we typically have our athletes lift weights, jump, and sprint one day, then do their aerobic work the next day.” When Hansen’s court-sport athletes are combining weight training with cardio in a single session, the weights come first, since building power is their first priority.

This approach—starting with whichever activity is most important to you—is widely used by elite athletes. Until recently, scientists thought it was simply a matter of logistics: if you’re tired from the treadmill, you can’t lift as much weight, so over time you put on less muscle. But new techniques now allow researchers to directly measure which specific proteins are produced in muscles after different types of exercises. It turns out that the sequence of cellular events that leads to bigger muscles is determined in part by the same “master switch”—an enzyme called AMP kinase—that controls adaptations for better endurance. But you can’t have it both ways: the switch is set either to “bigger muscles” or to “better endurance,” and the body can’t instantly change from one setting to the other. How you start your workout determines which way the switch will be set for the session.

So if your goal is beach muscles, your weights routine should come first. If you’re preparing for an upcoming 5K race, do your full cardio workout before tacking on weights at the end. And if you’re looking for the best of both worlds, Hansen suggests mixing it up, both within a single session and from day to day: “The variability will be good, as it challenges your body and metabolism.”

Can I get fit in seven minutes a week?

Breathless claims about exercise regimens that produce near-instant results with minimal effort are generally the domain of late-night infomercials. So it might seem surprising that one of the hot topics at the American College of Sports Medicine’s annual meeting over the last few years has been research into “high-intensity interval training” (HIT), whose proponents suggest that many of the benefits of traditional endurance training can be achieved with a few short bouts of intense exercise totaling as little as seven minutes a week.

Exercise physiologist Martin Gibala and his colleagues at McMaster University in Hamilton, Ontario, have performed a remarkable series of studies in which their subjects cycle as hard as they can for 30 seconds, then rest for four minutes, and repeat four to six times. They do this short workout three times a week. “The gains are quite substantial,” Gibala says. Compared to control subjects who cycle continuously for up to an hour a day, five times a week, the HIT subjects show similar gains in exercise capacity, muscle metabolism, and cardiovascular fitness. In fact, the group’s latest study shows that HIT improves the structure and function of key arteries that deliver blood to the muscles and heart—just like typical cardio training. Similar studies by University of Guelph researcher Jason Talanian have found that high-intensity interval training also increases the body’s ability to burn fat, an effect that persists even during lower-intensity activities following the interval training.

The results are no surprise to elite cyclists, runners, and swimmers, who have relied on interval training for decades to achieve peak performance. To break the four-minute mile in 1954, Roger Bannister famously relied on interval sessions of ten 60-second sprints separated by two minutes of rest, because his duties as a medical student on clinical rotation limited his training time to half an hour a day at lunch. Such time constraints are the main reason Gibala advocates HIT, since studies consistently find that lack of time is the top reason that people don’t manage to get the 30 minutes of daily exercise recommended by public health guidelines. “We’re not saying that it’s a panacea that has all the benefits of endurance training,” he says. “But it’s a way that people can get away with less.”

More recent studies have started to piece together exactly how HIT sessions work. A study at the University of Western Ontario compared volunteers who ran four to six 30-second sprints with four minutes’ rest (just like Gibala’s HIT workout for cycling) with another group running steadily for 30 to 60 minutes at a time. After six weeks of training three times a week, both groups made identical gains in endurance and lost similar amounts of fat. In the “long runs” group, the endurance gains came from increases in the amount of blood pumped by the heart; in the HIT group, almost all the gains came from the muscles themselves, which improved their ability to extract oxygen from circulating blood. Since it’s important to have a healthy heart and healthy muscles, this suggests you shouldn’t rely exclusively on HIT workouts. As with cardio and weights, a mixture is best.

High-intensity exercise is generally thought to carry some risks, so sedentary or older people should check with a doctor before trying HIT. Interestingly, though, University of British Columbia researcher Darren Warburton has studied HIT training in cancer and heart disease patients and found that these higher-risk populations can also benefit safely from HIT.


Workouts

The guiding principle of HIT is that the shorter the workout, the higher the intensity you need to reap the benefits. “Basically,” McMaster University’s Martin Gibala says, “you need to get out of your comfort zone.” Start by trying a HIT workout once or twice a week.

The Street-lighter: For a sedentary person who gets winded walking around the block, HIT can be as simple as walking more quickly than usual between two light poles. Then back off, and repeat after you have recovered.

The Classic: Go hard for one minute, then recover (either by slowing down or stopping completely) for one to two minutes. Repeat 10 times. This is a staple workout for a wide range of abilities, suitable for any cardio activity.

The Timesaver: Gibala’s protocol of 30 seconds of all-out cycling four to six times with four minutes rest is the shortest workout shown to be effective. But achieving the necessary intensity outside the lab is extremely challenging, so it’s best suited to experts and those capable of extreme self-punishment.

All these workouts should be preceded by a gentle warm-up of at least 5 to 10 minutes.



There is one catch—the disclaimer at the end of the infomercial, if you will. To cram the benefits of an hour-long workout into a few short minutes, you also have to compress the effort you would have spent. “That’s the trade-off,” Gibala says. “Going all out is uncomfortable. It hurts.” But at least with this approach, it’s over quickly.

Can exercise increase my risk of a heart attack?

Danny Kassap was one of the fittest people in the world when he was felled by a heart attack just several kilometers into the 2008 Berlin marathon. The 25-year-old Canadian marathon star survived thanks to a spectator who immediately began CPR, but a few weeks later, Alexei Cherepanov wasn’t so lucky. The 19-year-old hockey prospect collapsed and died during a game in Russia’s Continental Hockey League. News like that inevitably makes us wonder whether we’re tempting fate each time we lace up our running shoes. In the wake of Cherepanov’s death, the Continental Hockey League mandated “in-depth medical examinations” for young players currently in the league and compulsory exams for all players in the league’s junior draft. But it’s not clear that such preventative measures can make much difference.

There’s no doubt that, during exercise, your risk of a potentially fatal “cardiac event” is elevated, says Paul Thompson, a cardiologist at Hartford Hospital in Connecticut and a leading researcher on the topic. However, it’s equally well established that any risks you incur during an hour of exercise are dwarfed by the reduced risk of a heart attack—as much as 50 percent lower, according to the American Heart Association—during the other 23 hours of the day.

The problem is that the man-bites-dog nature of rare events, like the death of a young athlete, sticks in the mind. “These events really do have a chilling effect on people’s desire to exercise,” says University of Toronto epidemiologist Donald Redelmeier. To put the risks into context, Redelmeier and a colleague analyzed marathon results from more than three million runners. They found that about two deaths occur for every one million hours of aerobic exercise—a rate that isn’t significantly different from the baseline hourly risk of being alive for the average 45-year-old man. The study, published in the British Medical Journal in 2007, also found that when cities close roads for a marathon, the chance that a traffic death will be averted is nearly twice as high as the chance that one of the runners will die.

Of course, statistical arguments aren’t much help if it’s your life on the line, so it’s natural to look for ways of screening out the risk. Indeed, autopsies after such deaths reveal pre-existing heart abnormalities in about 94 percent of cases, Thompson says. But it doesn’t necessarily follow that we can screen for these abnormalities, because they’re so common in the general population. About 10 percent of healthy athletes display abnormal electrocardiograms—and upon further examination, “you keep finding more little abnormalities,” Thompson says, producing an impractically high rate of false positives.

Redelmeier agrees: his analysis indicates that any screening program would need to be exceptionally accurate and inexpensive to be worthwhile. Otherwise the resources would be better spent elsewhere, such as improving paramedic staffing at events like marathons to respond to the all-but-unavoidable cardiac events that will sometimes occur. In Kassap’s case, the cause turns out to have been myocarditis—an inflammation of the heart caused by a virus, which no screening could have predicted. “People want a riskless society,” Thompson says. “So I tell them to go to bed alone.”

Will exercising in cold air freeze my lungs?

The strangest story that Michel Ducharme, a scientist with Defence Research and Development Canada, has encountered is the cross-country skiers who were swallowing Vaseline to coat their airways as a protective measure against cold air. “That’s just crazy,” he says—and it’s entirely unnecessary. Ducharme is the researcher whose work led to a major revision of the wind-chill scale in 2003, thanks to the efforts of impressively dedicated volunteers who sat in a frigid wind tunnel until their faces developed the first stages of frostbite. And he firmly dismisses the idea that your lungs will suffer from contact with cold air. “The heat exchange is very quick,” he says, “and there’s no evidence of any risk of freezing tissue.”


Do you need to see a doctor before exercising?

The Physical Activity Readiness Questionnaire (PAR-Q) was originally developed by the British Columbia Ministry of Health and is now widely used around the world. If you answer yes to any of the seven questions, you should see a doctor before heading to the gym.

• Has your doctor ever said that you have a heart condition and that you should only do physical activity recommended by a doctor?

• Do you feel pain in your chest when you do physical activity?

• In the past month, have you had chest pain when you were not doing physical activity?

• Do you lose your balance because of dizziness or do you ever lose consciousness?

• Do you have a bone or joint problem (for example, back, knee, or hip) that could be made worse by a change in your physical activity?

• Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or a heart condition?

• Do you know of any other reason why you should not do physical activity?



This may be cold comfort for people who swear they are overcome by coughing fits or throat pain when they exert themselves in subzero conditions. For a long time, people have blamed “exercise-induced bronchoconstriction” (EIB), an asthma-like narrowing of the airways that leads to shortness of breath and coughing, on cold air. The condition affects between 4 and 20 percent of the population—but it’s the dryness of the air, not its temperature, that triggers the response.

The dryness-versus-coldness debate has been raging in scientific circles for many years, but recent experiments by Kenneth Rundell, a researcher at Marywood University in Scranton, Pennsylvania, who spent 10 years as an exercise physiologist with the United States Olympic Committee, have essentially settled it. In a study published in the journal Chest, Rundell found that warm, dry air triggered the same response as cold, dry air in 22 EIB sufferers riding stationary bikes. The reason is that the cells that line our airways are highly sensitive to dehydration, and breathing hard during exercise means more dry air rushing past these cells.

There are some makeshift solutions. For example, wearing a scarf or balaclava over the mouth can moisten the air as it is inhaled. “That makes breathing more difficult,” Rundell notes, so it’s less useful for skiers or runners in competition but may be fine in training. Commercial heat-exchange masks, which accomplish the same thing with less breathing resistance, are also available. If the EIB symptoms are serious—and confirmed by a lung-function test administered by a doctor—asthma medication can provide relief.

For most people, it’s safe to assume that, short of an asthma attack, exercising outside in the dead of winter is perfectly safe. Even without EIB, some people do experience a burning sensation in their throat or upper airways when they exercise in the cold, Rundell says, “but that’s just a response of the nerve endings.” In other words, even if it feels like you’re freezing your lungs, you’re not—so you might as well keep going.

When is it too hot to exercise?

Heat is more than just an inconvenience, as we’re reminded almost every summer when we hear the inevitable reports of a football player dropping dead from heat exhaustion during a grueling practice. Since 1960, there have been 128 heat-related deaths among football players at the high school, college, and pro levels—and there’s really no excuse for this to keep happening.

The basic steps to avoid danger are straightforward: stay hydrated, schedule workouts for the coolest parts of the day, stay out of the sun, shorten workouts, take more rest, and reduce intensity. But how hot does it need to be for these steps to become important? That depends on who you are and where you are. If you’re obese, out of shape, or dehydrated, you’ll be much more susceptible to heat exhaustion. And if you live in a part of the country that’s usually cool, you’ll be more at risk in a sudden heat wave than people farther south who are acclimated to hot temperatures.

One reassuring fact to note is that we’re generally pretty good at automatically adjusting our effort under hot conditions. In fact, when researchers at the University of Cape Town asked volunteers to cycle for 20 kilometers in 95°F (35°C) temperatures, they found that the volunteers’ brains adjusted to the hotter-than-usual conditions right from the start, before they’d had a chance to start overheating, by automatically signaling fewer muscle fibers in the legs to contract. “When it’s hot, you don’t wait 20 minutes to slow down, you slow down within a minute,” says Ross Tucker, the lead author of the study.

Still, when the conditions are unusually hot, many people do manage to push beyond their limits. In 2010, the medical director of the Twin Cities Marathon in Minnesota, William Roberts, published an analysis of eight recent marathons where hot conditions caused “mass casualty incidents” that overwhelmed local health facilities and caused unacceptable delays in emergency care. He found that most of these races started with weather conditions deemed acceptable under the guidelines published by the American College of Sports Medicine. The problem is that the races took place in cities like Boston, Chicago, London, Rotterdam, and Rochester, N.Y.—all northern cities where temperatures are relatively cool for all but a few months each year.

As a result, mass casualty incidents occurred when the “wet bulb globe temperature” (a corrected scale that factors in air temperature, humidity, and solar radiation) was a relatively modest 70°F (21°C) at the start of the race. Crucially, these races all took place in the spring or fall, rather than in the middle of summer when runners would have been used to the heat. In other words, context matters: the actual temperature is less important than how well you’re prepared for it.

Should I avoid exercising outside when air pollution is high?

No surprise, the air pollution in cities is bad for you. And exercise makes it worse, since you breathe in a greater volume of air and bypass the natural filtering of the nasal passages by inhaling through the mouth. That means that when city officials announce a smog alert, there are compelling reasons to think twice about vigorous outdoor exercise anytime between morning and afternoon rush hours, when the levels of most pollutants tend to be highest. But with some careful choices about when and where you go, you can still get in a good—and safe—workout.


Dealing with heat

Acclimatize: Research shows you significantly improve your heat tolerance after 10 to 14 days of exposure. But it’s not enough to just sit on the porch fanning yourself—you literally have to sweat. A 2009 San Diego State University study had eight volunteers exercise for 10 days, 90 minutes a day after having Botox injected into one arm to block sweating. At the end of the study, the sweat glands in the sweaty arm were producing 18 percent more sweat—a sign of good acclimation—while the glands from the arm that remained dry became less productive.

Breathable clothing: A 2010 study in the journal Applied Ergonomics put the claims of athletic apparel makers to the test, with volunteers exercising for an hour wearing either a cotton T-shirt or a polyester/elastane blend. As expected, the polyester shirt permitted greater sweating efficiency, while the sweat-soaked cotton shirt weighed 50 percent more. Interestingly, though, the cotton shirt didn’t actually make the subjects any hotter—so if you’re committed to your retro gear, you can stick with it. Whatever material you choose, avoid overdressing, or at least use layers that you can strip off as you heat up.

Dunk yourself: If you do find yourself overheating, the quickest way to cool down is to plunge into the pool—and you don’t necessarily need to subject yourself to an ice bath to cool down quickly. Some researchers now argue that pleasant water temperatures of 75 to 79°F (24 to 26°C) are just as effective as colder temperatures and can bring heat stroke victims back to safe temperatures in less than three minutes. The key: the warmer water doesn’t constrict the blood vessels under your skin, allowing more efficient heat transfer.



The basic problem is that sucking in a mix of gases and particles irritates your airways, which can result in coughing fits and difficulty breathing. But doctors now recognize that these symptoms represent just one part of a larger problem. “All the blood in the body courses through the lungs to pick up oxygen,” says Ken Chapman, director of the Asthma and Airway Centre at Toronto’s University Health Network. “So if the lungs get inflamed, those inflammatory signals get carried throughout the body.” As a result, emergency room doctors deal with higher numbers of serious problems such as strokes and heart attacks on high-pollution days.

High-traffic areas are the most problematic. Australian researchers recently asked test subjects to jog back and forth alongside a four-lane highway and found elevated blood levels of volatile organic compounds, commonly found in gasoline, after just 20 minutes. But pollution levels drop exponentially as you move away from a roadway, according to a 2006 study in the journal Inhalation Toxicology. Even just 200 yards from the road, the level of combustion-related particulates is four times lower, and trees have a further protective effect—so riverside bike trails, for instance, have dramatically lower pollution levels than bike lanes along major arteries.

If you usually commute to work on foot or by bicycle, you might think that you’d be better off driving or taking the bus when pollution levels are high. But it’s not clear this is always a good choice (not to mention the fact that choosing to drive makes the pollution worse for everyone). A Danish study in 2001 measured pollution exposure while driving or biking along identical routes in Copenhagen. It turned out that the air inside the cars was bad enough that, even taking into account that cyclists were on the road longer and breathing more deeply, the drivers were worse off. On the other hand, an Irish study in 2007 found that cyclists were worse off than bus riders because of their heavy breathing, even though the air on buses was worse than the air outside.

This all sounds a bit confusing—fortunately, researchers at the University of Utrecht crunched a massive set of data to estimate the overall pros and cons of a large number of people switching from driving to biking. On average, sucking in pollution on a bike would shorten your lifespan by 0.8 to 40 days, and the increased risk of a traffic accident would knock another five to nine days off, they concluded. But the health benefits from improved physical fitness would extend lifespan by 3 to 14 months!

When you look at it that way, the trade-off seems worthwhile. But it doesn’t have to be an all-or-nothing proposition: changing your route to avoid high-traffic areas, changing your schedule to avoid the middle of the day, or simply going a little easier can all reduce the impact of bad air and still let you get a workout in.

How will exercise affect my immune system?

Although scientists aren’t sure exactly how it works, recent studies offer plenty of evidence that regular exercise really does strengthen immune function—a claim that can’t be made for most of the pills and potions whose sales spike each year when cold and flu season starts. But like any powerful medicine, exercise carries the risk of an overdose. “It’s what experts call the ‘J-curve’ hypothesis,” says Brian Timmons, a researcher at McMaster University’s Children’s Exercise and Nutrition Centre. “Moderate intensity is good, but too much exercise is not so good.”

This effect is illustrated in a 2005 study from researchers at the University of Illinois, in which three groups of mice were infected with a flu virus. One group was sedentary, another exercised for 20 to 30 minutes a day, and an extreme group exercised for 2.5 hours a day. The moderate group had an 82 percent survival rate, almost double the 43 percent rate of the mouse potato group that didn’t exercise at all—clear evidence that exercise boosted immune function. The heavy-exercise group, on the other hand, had a reduced survival rate of just 30 percent—lower than both the others. The researchers suggest that physical activity tinkers with the balance between two types of immune cell that either promote or inhibit inflammation. Moderate exercise tilts the balance to limit excess inflammation. But prolonged, intense exercise suppresses inflammation too much, preventing the immune cells from doing their job.

Translating the definition of “moderate” exercise from mice to humans is a challenge. Certainly, those following standard exercise guidelines (for example, half an hour of moderate to vigourous exercise five times a week) are bolstering their defences against infection. In fact, in a study of 2,300 runners training for the Los Angeles Marathon, only those training more than 60 miles per week had an elevated risk of catching a cold. “If I’m swimming in the morning then running at night, or doing a marathon, that’s where you’re going to see a dip in immune function,” Timmons says.

Interestingly, the immune-boosting benefits of exercise seem to show up almost instantly. Another mouse study by researchers at Iowa State University, published in 2009, compared the effects of a 14-week moderate exercise program with the effects of a single 45-minute treadmill run done just 15 minutes before being infected with the flu virus. As expected, the habitual exercisers fared best over the following 10 days, showing the greatest reduction in symptoms and virus load. But surprisingly, the mice that had done just one run still fared significantly better than the sedentary controls, although the benefits faded after a few days. This is worth bearing in mind next time you’re headed for a high-infection-risk zone like an airplane: working out the day before or even the morning of the flight could help you ward off bugs.

Human studies have found similar results. For example, a year-long University of South Carolina study of 547 adults found that those who exercised moderately caught 20 percent fewer upper respiratory tract infections, with the biggest benefit at the start of cold and flu season in the fall. Other epidemiological studies have made similar observations. So if you’re hoping to stay healthy over the winter, the evidence suggests that you’ll get more benefit from hitting the gym than from stocking up on orange juice.

Is motivation to exercise genetic?

When Colorado-based Atlas Sports Genetics started offering its “SportsGene” test in 2008, zealous parents rushed to uncover their children’s athletic destiny. “The results have helped us immensely,” one Texas mom wrote in a testimonial. “We have changed his extracurricular activities to be more in line with the test results.” Atlas offers a $169 test of the ACTN3 gene, which, according to an Australian study from 2003, can indicate whether you’re best suited to endurance sports, sprint and power sports, or a mix of the two. Whether or not the test imparts useful information—which is still very much up for debate—you probably shouldn’t choose how your two-year-old spends his or her playtime based on dreams of future athletic glory. But it’s impossible to deny that your genes do play a role in your athletic destiny.

According to a 2006 study of over 85,000 twins in seven countries, about 62 percent of the variation in exercise participation seems to be inherited. This could be because of personality traits that run in families—people who are self-disciplined tend to exercise more, while those who are anxious or depressed exercise less—or physiological differences such as the production of feel-good dopamine after vigorous exercise. The genetic tendency to lose weight or gain muscle could also make some people more likely to exercise than others.

All of this suggests a certain inevitability: either you were born to exercise or you weren’t. But in the years since that study, something interesting has happened: the search for the “exercise gene” has run aground. Several studies have analyzed the DNA of thousands of people, looking for the sequences that predict exercise behavior—and they’ve found not one but many. A 2009 study of 2,600 Dutch and American adults found 37 different DNA regions that were linked to exercise, and these regions were entirely different from the dozens of regions identified in previous studies. In other words, there isn’t an exercise gene—there are hundreds of different genes that combine to influence every aspect of our behavior. Nobody has all the “good” genes, but neither does anybody have all “bad” ones. So even if you have difficulty, for example, with losing weight, you’re likely to be ideally suited for some of the other mental and physical benefits of exercise.

The idea that your exercise destiny is preordained took another blow from a 2009 study that examined the links between physical fitness and intelligence in 1.2 million Swedish men who enlisted for military service between 1950 and 1976. Among these men were 6,294 twins, which allowed the researchers to separate the effects of nature from nurture. They found that those who increased their cardiovascular fitness between the ages of 15 and 18, a time when the brain is developing rapidly, scored better on cognitive tests and went on to greater educational achievements later in life. Crucially, more than 80 percent of the differences between subjects were explained by environmental factors, while less than 15 percent could be attributed to genetics—a powerful illustration that, while genes might affect how our bodies respond to exercise, the choice of whether or not to exercise still resides with each of us. So if you’ve been blaming your DNA when you slack off your exercise routine, you’ll have to
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