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INTRODUCTION


For as long as women have supposedly been “the weaker sex,” physical strength has been defined by what men’s bodies can do. Men have built the idea of what bodily power means in their own image, and they have defined the terms.


But what if we defined strength by what the female body does best? What if strength were measured by a body’s capacity to fight off bacteria and viruses, the durability of its muscles, the flexibility of its form, its endurance in swimming or running, the length of its life, its toughness in the face of pain? In these cases, and many others, the female body is physically stronger than the male. Of course, male bodies can generally do some things well too: Lifting heavy weights over one’s head or sprinting a short distance quickly are clearly kinds of physical strength. They are just not the only ones.


For the four-plus decades I’ve been alive, I’ve been told not only that women aren’t as strong as men, but that those things inherent to the female body are what make us delicate and fragile. How many times have I heard that female fat is gross and holds us back in athletic pursuits? That having a period, and the associated hormones, makes us less able to do physically demanding jobs and makes it too hard for scientists to study our bodies? That we are too sensitive? That being smaller makes us inferior? That all the qualities that make us female make us weak? The sometimes-said, mostly inferred implication of those ideas is that physical weakness means we get to have less power in the world, and certainly less power over our own bodies.


The science shows that none of the above is true. As I detail in The Stronger Sex, women’s muscles retain strength over time better than men’s, women’s fat and metabolism offer a huge advantage for any pursuit that requires endurance, menstruation might be a pain, but it has lots of unique powers, sensitivity is a key to strength, and the very biology of women’s nervous systems provides significant advantages when it comes to pacing in physical challenges, durability, and pain tolerance.


The Stronger Sex is a journey from muscles to ovaries and uterus, through metabolic systems and fat stores, into nerve endings, and deep into immune cells and the warrior hormone, estrogen. It’s a voyage into the lives of a Gen Z woodchopper in Oregon, a firefighter in New York, and a teenage wrestler in Arizona. I watched young korfball players in the Netherlands, learned about judo from a brown belt, saw Megan Rapinoe retire her jersey, and discovered the secrets of ice swimming. I met with sports scientists and surfers in Australia, revisited getting kicked in the face by a mule in the mountains, and sipped martinis in a bar in Okinawa, Japan, to learn the secrets of the oldest women in the world. I delved into the bowels of an art museum in Antwerp to interrogate the beauty of muscles, meditated on the power of fat with a Brooklyn marathoner, and spent the day in a lab in Seattle with an immunity researcher—and way too many mosquitoes.


I interviewed scientists—from ob-gyns in the UK and US to experts in longevity, pain, immune systems, bones, menopause, menstruation, biological anthropology, physiology, sports science, and more. I read through hundreds of research papers by these experts and many others, some from early science history and some published the week this book was due. My reporting uncovered the myriad ways that female bodies outperform male bodies—and just as importantly, how much human bodies’ abilities overlap when considering training and body size, not just sex. There are many areas where bodies do well, or not, based on height, where weight is located, life experience, and practice—and where sex has little relevance.


Female bodies are far stronger and more capable than most of us have been taught, to the extent that anthropologists have been surprised by how physically powerful our female ancestors really were— stronger than even female athletes are today. Our great-great-great-great-great-great grandmothers would likely laugh at some of the stories we have swallowed and reiterate about weaker female forms.


So how did we get to be living under these pervasive myths about what the female body is capable of? The people who created and tell the stories about all of our bodies have been, until recently, men. They have long looked at the world from the point of view of male bodies and minds, talked to and worked with other men (often to the purposeful and systemic exclusion of women), and been interested in and experimented on their own anatomy. Female bodies, to those who don’t have them, seem complicated, a little “too much” to deal with. If there aren’t any female researchers asking questions, making assertions, and testing ideas, female bodies are easy to ignore in the name of ease, efficiency. Stated more bluntly, female bodies haven’t been of interest to many male researchers due to disrespect, dislike, disgust, and disapproval.


The fact that women’s bodies have been understudied in science is well known and reported on, and continues into the current day, despite a 1993 National Institutes of Health–mandated increased enrollment of women in clinical trials in the United States. Researchers at the University of California, Berkeley, found that in 2010, women were still significantly underrepresented in scientific studies, and a follow-up study by a team from Northwestern University and Smith College in 2020 found that not much has changed. A 2023 study from the University of New South Wales in Australia found similar results, and also pointed out that male researchers did a poor job of including female bodies in their studies, whereas female researchers usually included both male and female test subjects.1


It’s not just human females that have been and still are excluded in science. This bias has resulted in dramatically less research conducted on female animals, so the disparity starts early in the knowledge process. Whether it’s to study new medications, surgical procedures, or sports medicine, basic science too often leaves female bodies out. Some fields do better than others—pharmacology has very low rates of female inclusion, while psychedelics research, according to scientists I talked to for an article I wrote on the subject, said it was equitable.


Similarly, research into women’s athletics is lacking, and female athletes are trained as “smaller men,” to their detriment. We just don’t really know what female bodies are capable of, because they have been limited, constrained, oppressed, or just ignored for generations.


Still, there’s more data on female bodies than there used to be. That’s thanks in large part to female researchers, many of whom have made the breakthrough discoveries and are doing the arduous basic science on diseases of the reproductive system, but also in areas like immunology.


That uptick in research means all kinds of new information is being revealed every year, which is exciting, and which drove my interest in reporting it to you in The Stronger Sex.


Female bodies are more than half of all bodies on earth. The disparate treatment of those bodies in medicine, physiology, and athletics is deeply frustrating for the researchers, coaches, competitors, and fans who know better. As many of the examples and stories that unfold in this book prove, when we know more about female bodies, we find solutions to problems and illnesses that can apply to all humans.


That’s why this work matters. It’s not just about being fair and inclusive of more than half the population (though that would be reason enough to do the work). It’s that we are missing out on key information about humanity when we don’t consider everyone.


Chances are, whatever your gender, sexual orientation, age, or sex, you have complicated feelings around your body. Maybe you were taught to hate it but have grown to appreciate it, or you like it when it’s running or lifting things, but feel a sense of disappointment otherwise. Maybe you feel that your body has betrayed you in some way aesthetically or functionally, or maybe you grudgingly accept it but dream of how you would alter it if you could. Maybe you just feel pretty detached from your corporeal form.


Rarely have I met anyone who has had a truly uncomplicated relationship to their designated meat sack. Feeling weird about your body is Human 101.


Like many people, and especially those who grew from girls to women anytime in the last hundred years, I have received countless messages about how my body was not enough or was too much, was shaped wrong, had fat in the wrong places, or was weak or lame or gross.


I no longer feel any of those things. Researching and writing The Stronger Sex changed how I feel about and see my body. It’s my hope that this book changes how you understand the female body too— whether you have one, want one, are transitioning to one, or love someone who lives in one. I hope it challenges your ideas about what the female body is capable of and serves as a reset to what you think you know. We have all heard, seen, considered, dismissed, and absorbed ten million messages about our bodies, most of them negative, too many of them from our closest friends and family. The Stronger Sex will undo some of that negativity, some of those messages, and hopefully some of the self-hate that can come along with them.


The Stronger Sex addresses many aspects of the female body— from athletics to basic biology, from lived experience to experimental ideas—and you will learn quite a lot of fascinating details. But I have a larger mission, which is to upend what you’ve been taught about the familiar idea of women’s bodies and how you see them. Writing this book certainly changed how I perceive mine.


We might live in a world increasingly dominated by virtual realities of various kinds, but we are still embodied humans. From our bodies we all derive pain, pleasure, joy, anger, life, and eventually death, which Jane Goodall recently called her “next great adventure.” Let’s get the truth about them.


A NOTE ON SEX AND GENDER


This book talks a lot about sex and gender, and there are some people who argue that sex is the same thing as gender. But I’ve been living here on earth for a bunch of decades, and that’s not my experience or the experience of many others. Gender has physical aspects to it, but it’s mostly what we are taught and how we express ourselves considering that education. We know this because what makes someone a woman or man has changed over time, and it also differs across cultures.


Like most systems in most human societies, gender rules are nuanced and far from universal. “Gender extends far past the physical realm. There are behavioral, social, cognitive, and other markers of what we would consider masculine and feminine,” said Amethysta Herrick, a transgender woman, chemist, and gender theorist that I talked this over with.2 Gender is many things, but it’s not simple, and it’s not binary. There are too many people for whom the binary doesn’t fit—and too much variety in cultural definitions, including plenty of societies that have third, fourth, or more genders—for it to be the simple thing too many people insist it is.


In this book, I’m not going to simply state that I think transgender women are women, and they therefore merit inclusion. I am going to tell you precisely why I believe that. It’s rooted in both my personal life experience and what I’ve learned while researching this book. First, I have had several trans women friends, the first of whom I met when I was a freshman in college, in 1996, before anyone had ever told me how to think about trans people or the current divisive conversations. My grandma, who raised me, had taught me that everyone deserves respect and kindness until they merit different treatment. For my grandma, this idea was rooted in her Episcopalian faith and her experience having lived alongside a huge variety of people throughout most of her life in New York City.


So when I met Maria as a sophomore at Syracuse University and asked her to go thrift shopping with me, it’s because she was smart and interesting and funny—my qualifications for friendship then as now. I didn’t like or dislike her because she was trans, but because of who she was as a person. When she was harassed one day by campus police while we were walking past the Hall of Languages, I was confused and then angry (I was nineteen, it was 1996, and I hadn’t known that trans people were and are often targeted by law enforcement). I loved my undergraduate experience, which was overwhelmingly positive, but that experience with Maria was as much a part of my education as both my degrees from SU.


As for the more recent hatred and bigotry that have been spun up against trans people, I think Judith Butler, longtime queer theorist— whom I first read in class at Syracuse University, actually—puts it best: “Circulating the phantasm of ‘gender’ is also one way for existing powers—states, churches, political movements—to frighten people to come back into their ranks, to accept censorship, and to externalize their fear and hatred onto vulnerable communities.”


Something I know deeply, from the experience of growing up in one, is that the female body is all about flexibility. This reflects biology—female bodies have greater variation between them than male bodies in countless ways. Just one: A 2022 review study from the University of Vienna is titled, “Female Genital Variation Far Exceeds That of Male Genitalia.”3 Female bodies grow and change in so many ways—and have evolved to do just that, as part of their fundamental function. They can accommodate a fetus, during which time the joints become more flexible, skin expands, weight is redistributed, and more. Then they can revert back to previous form. Breasts can expand and contract and also change internal structure to make breast milk. Female bodies go through menarche, the start of the menstrual period, and menopause. Hormonal and structural changes in the body accompany each of these phases. The ovaries and uterus change every month and then change again.


Given the inherent flexibility and incredible variety of forms of even the most narrow definition of a female body, there’s plenty of room for those who feel like women but were born with male body parts to be women too. Women contain multitudes. It’s a big red tent.


While gender is socially constructed, biological sex is often defined as the physical characteristics that determine whether an organism produces sperm or eggs. Sounds like a binary, but while it would be awfully convenient if there were a very clear line between male and female, there just isn’t. Intersex people exist, and they aren’t some tiny minority—they are up to 5 percent of the population.4 “Intersex” is an umbrella term that describes a variety of natural physical variations, and while some of those are visible at birth, others don’t show up until puberty, and some aren’t physically obvious at all. This means until we test every baby’s DNA when it’s born, subject it to a full-body scan, and do that again at puberty, there is no way of knowing how many intersex people really exist. “There are over twelve hundred intersex characteristics that have been identified, most of them invisible, because they have to do with the endocrine system or other systems. We don’t recognize when somebody has them, because they’re only checked for if there’s dysfunction,” said Herrick.


Many of us walking around right now have significant physical aspects that vary from a hypothetical norm. That’s typical—life on earth is incredibly diverse, always evolving, and fluid; it both responds to environmental cues and randomly mutates. Those of us with white skin or blue eyes, lactose tolerance, resistance to HIV, or denser bones all have genetic mutations to thank for those features. Adaptation and change are keys to survival on a dynamic planet earth, and our collective history is full of variety. Diversity in fetal development, including in sex characteristics, happens commonly and easily during various phases of gestation. It is an ordinary thing, and so are the humans that grow from them.


Understanding the normality and commonality of intersex conditions has led many scientists to question the sex binary altogether. When I visited Sharon DeWitte, an evolutionary anthropologist at the University of Colorado, Boulder, we mostly discussed bones and what we can learn from them about ancient people. But the sex binary comes up in her work too, because, as she pointed out, a binary is also a bias. It predetermines how you understand new information and colors what questions you ask. “If you come into your work thinking sex is binary, that’s what you’re gonna see,” she said.5


Considering all this, how can I write a book where I use gendered terms like “man” and “woman”? Partly because I must when I refer to historical information or any scientific study that has used those terms. To use words other than what the original study authors did would be incorrect. Our recent history has relied on a gender binary, and so I must as well. In many places, and where I could, without misconstruing others’ work, I have used biological sex as a dividing line. That’s both because the work that has been done thus far has divided humans up this way and also because it centers hormonal and physiological differences, not gender.


At this point, almost all of us have been assigned a sex at birth, and for now, that’s the definition of biological sex and what scientists are using. There are people for whom this does not work. Many of us alive today have grown up with significant overlap between the sex we were assigned at birth and our gender identity. And there are those who haven’t, who are trans or nonbinary. All of us deserve to see ourselves reflected in both culture and science. It’s my hope that in the future, all bodies will be studied, which will benefit all humanity.


At the same time, it’s also true that we are still living in a culture where some bodies, those labeled female, are extremely understudied and poorly understood. There has been a dearth of reporting and science on the bodies assigned female at birth, and that’s frustrating and wrong.


I believe in the capacity for all of us to hold more than one idea in our heads at once, and while I endeavored to include gender-diverse perspectives in The Stronger Sex, the truth is that there’s little science that includes them. I’m stuck with both the existing and historical biases of the binary in research. There’s no way to cover that without reiterating it. I have done this imperfectly, and any mistakes herein are my own, not those of my advisors.





Part One


MUSCLES: POWER






Chapter One


THE CULTURE OF WOMEN’S MUSCLES


The thing they don’t tell you is that weightlifting gets you high. It’s different from the sweet endorphins gained from other kinds of heart-pumping activities. Lifting heavy weights combines regular feel-good exercise chemicals with a sense of physical power. It’s an intoxicating combination.


Weightlifting also helps us grow muscles, of course, which is something many women are still afraid of. Yes, I know about Michelle Obama’s arms, and I’ve seen the “Strong Is Sexy” T-shirts, but plenty of people still push the ideal that when it comes to women’s bodies, sleek is sexy and muscular is manly. When I mentioned that I had begun weightlifting classes, my Pilates-teacher friend immediately asked, “Aren’t you afraid of getting bulky?”


No. I wasn’t anymore. But I had once felt that way too.


I’ve always been naturally muscular, with sizable calf and thigh muscles. But in the culture I grew up in, muscles were for men. I’ve seen the online comments for decades now: A woman with muscles is “masculine” and therefore gross. It’s one of the reasons trans men and nonbinary transmasculine individuals get so much flak. People assigned female at birth are supposed to be fit, but not too strong. In shape, but not muscular. When you get down to it, it’s a very, very specific aesthetic. Like many women, every exercise I’ve ever done prior to weightlifting was concentrated on minimizing muscle gain and simply becoming “toned.”


I signed up for Olympic weightlifting classes at a strength and conditioning gym in my town in November 2023. Following the required one-on-one sessions, where I learned some basics, I joined an all-male group for classes twice a week. It took over a month to really get the hang of both the lingo and the moves, like the clean and jerk, the snatch, and my very favorite, the split jerk, which involves lifting the weighted barbell overhead from a starting position at shoulder height, while at the same time jumping into a lunge. I started working with an empty twenty-two-pound bar. It took several months to feel like I really knew what I was doing in terms of the foreign-to-me movements. Ten months later, I was deadlifting two hundred pounds and split-jerking ninety pounds over my head.


Even before the guys cheered me after that split jerk, I felt fucking awesome. Physical strength is a potent drug of its own.


A woman split jerking is now a lot more common—my newest weightlifting instructor is a woman, the classes aren’t always all guys and me, and my gym is owned by a woman. Many young girls today are learning different lessons than I did. I grew up in the 1980s, when men’s physical power was very in my face. Between the ubiquitous Conan the Barbarian posters, the He-Man cartoons, and the Incredible Hulk’s, well, hulk, I learned early and often that men can build big muscles, which allow them to lift dainty-girl models, one on each arm, to the sky.


These depictions of men’s strength were delivered alongside the rules about what my soon-to-be-a-woman’s body could and couldn’t do. Those rules came from TV shows, school, and the way-abovegrade-level pulpy horror books I read. I was told not only how weak I was—and all females were—but also that if I defied those social norms, I would be a weirdo. I was a girl, so I was less strong in all the ways—but especially physically.


My own body taught me something different. I learned other, contradictory lessons when I listened to my muscles. As an only child I spent hours playing in the woods, dragging and lifting large branches to build forts, shimmying down the steep sides of narrow gorges, and piloting my bike at top speed over bumpy roots. Failure meant dropping a branch on my foot or falling off my bike. I’ve always known exactly how far I can jump, since underestimating my stride meant losing my shoe in sucking swamp mud. I wasn’t taught how to do any of these things.


When I was instructed in how to use my body, it wasn’t always helpful. In gym class I was told to use my arms to climb, but after trial and error that left me dangling from tree branches, I learned how to quickly propel myself up the trunk of a giant Norway spruce using my legs to push me from below instead of my arms to pull. I remember feeling frustrated that nobody had told me this.


From the age of four, my grandma raised me to ignore all kinds of cultural norms, and she did the same herself. She was especially dismissive of any that suggested she couldn’t do something she wanted to do, whether that was piloting small planes in the 1950s, traveling around the world three times solo, beginning a career in emergency medicine in her fifties, building her own stone walls, or raising her granddaughter. She gave me a running list of chores, and she assumed I was strong and capable enough to do what she’d detailed on the clipboard that hung on the kitchen wall.


As kids do, I pushed my limits. I stacked too much wood into a giant metal wheelbarrow so I could make fewer trips to the woodpile, and sometimes it fell over. I forced the almost too heavy lawnmower up the hill, knowing that if it slid backward I could slice my foot on the blades. I figured out how much easier it was to carry fifty-pound bags of dog food on your back than with your arms in front. I knew I was strong because I could do all these tasks when I was ten years old—tasks that adult men often performed in other homes and on TV. Were some of these things moderately dangerous? Sure. But my grandma was less concerned with safety—despite being an emergency medical technician—than by what she thought more important than a sliced toe or a broken bone: the ability to figure out problems and tricky situations for myself.


At school, I was taught the opposite of what my grandmother expected and what my woods playtime taught me I was capable of. Because I was a girl—as sturdy and tallish as I was—I was expected to ask a boy or a man for help with almost anything that required a modicum of strength. At summer camp I was told to ask a boy for help (not just another person) to haul stuff half the weight of those dog food bags I put on my shoulders at home. I was supposed to ask the elderly man on staff at the library to change the bottle in the water dispenser when I could easily do it with nary a spill at age fourteen. I’d make sure nobody was around and just flip the bottle over and into its snug home without saying anything. Even at that age I knew that showing my strength wasn’t acceptable.


Over the years, these gendered messages that ignored my abilities made me feel invisible. I was seen first for my sex, not my strength— for my long, blonde, curly hair, not my muscles. I received the lesson loud and clear: My whole self wasn’t acceptable. As a straight, cis young woman, I found this difficult to accept, and it sometimes made me angry. For a transgender or gender-nonconforming person, I can only imagine that the challenges (and the painful dismissal of who they know they are) are even more extreme.


I hid my strength in high school. I was embarrassed by my big calves, though I also relied on them when I began trail running at fifteen. I poked at my thigh muscles as my professor detailed their attachment to bones in my anatomy and physiology class during my years as a premed major at Syracuse University. I wondered if the guys who hired me for a job assembling bespoke computers at an engineering company in Berkeley assumed I could lug the bulky CPUs around, which I could. (They told me I was hired because I was the only person who applied who had experience using hand tools.) I worried that my muscles would turn to fat through years of sitting on my butt all day at office jobs in Manhattan in my twenties, but they never did. I wrote about my complicated feelings about having bigger, stronger legs than the men I dated when I was a fine arts graduate student at Columbia University. At thirty-two, when I reunited with my beauty-queen Australian grandmother, whose once-curvaceous legs were by then skin and bones, seriously weakened due to osteoporosis, I wanted to know why some bodies end up like hers. My other grandma had been cremated with plenty of muscle on her old bones. As I spied middle age in the near distance, I wondered what would happen to me. Would my sometimes-despised, mostly enjoyed muscles disappear one day? There wasn’t much information about muscles out there for women, unless you were a bodybuilder. I wanted to know more.


I started talking to exercise physiologists, doctors, and athletes, and writing about aspects of human physiology. I found that while there were half truths embedded in what I had been taught about muscles in the female body, there was also quite a lot of ignorance, exaggeration, hyperbole, fact twisting, and even some outright lies, all of which served to drive home the idea of women’s inherent weakness—and to celebrate men’s strength.


In short, the lessons I learned about men’s and women’s muscles had an agenda, and it was a disempowering one for women.


SEPARATE AND EQUAL? YEAH NO.


The lessons about who is strong and who is weak start early (even now), despite a lack of grounding in science and medicine. Research shows (and any pediatrician will tell you) that pre puberty, there is no inherent difference in kids’ muscular power, coordination, or physical ability, whatever their gender. For every girl who has outrun most of the kids in her third-grade class in an impromptu footrace (as I did), this is not a surprise. According to a foundational 1998 muscular strength test by researchers at the University of Puerto Rico, girls are as strong, fast, and able to play any sport as boys are up until about age thirteen or fourteen.1 There are, of course, differences between kids who vary in size, and individual kids go through puberty at different times. For a time, due to earlier puberty, the young female body even has a strength advantage, due to larger size—I remember towering over the boys in sixth grade.


For the first decade-plus of a child’s life, separate-gender sports are purely a cultural construction. Sex-separate soccer teams for first and second graders is theater—a false division that’s more about parental comfort and expectations than strength or sports ability. This gendered system teaches all kinds of lessons, overtly and covertly. Boys learn that they have the (physical) upper hand, even when it doesn’t yet exist, and that girls can’t and shouldn’t compete with them. Girls learn that it’s wrong for them to challenge boys when it comes to physical pursuits, and that they should only play sports with other girls. And all kids learn that the gender binary separates and excludes—and if you don’t fit into the category of “girl” or “boy,” there’s no room for you at all.


These early messages have lifelong repercussions, with plenty of obviously negative ones—girls incorrectly learn that they aren’t as strong as boys at an age when they literally have the same abilities, and they are discouraged from aggressive play despite their personal interests.


That almost no little girls play American football with Pop Warner (the largest youth football league in the US) results in very few women playing the sport in any capacity.2 Which could be OK if football weren’t the most popular sport in many places in the US—and if so many other popular sports didn’t also have low numbers of girls playing them. Almost a million boys played football—the most popular sport for that sex—in US high schools in 2022, according to the National Federation of State High School Associations.3 Just under half a million girls participated in their most popular high school sport, track and field. The great news is that girls’ participation in sports has grown quickly since Title IX was passed in the 1970s. About 43 percent of high school athletes in 2022 were young women.


Messages that we hear over and over have their impacts, but so does plain-old physical experience. If a parent notices a difference in certain sports skills in opposite-sexed kids, this is part of the reason why. From the earliest ages, boys and girls are taught different games and how to move their bodies in space differently. While this variance can be mitigated by family in the early years, cultural messages and expectations can quickly undo what is taught at home.


Joanne Parsons, a physical therapist and an associate professor at the University of Manitoba in Canada, found that by grade four, there’s already a significant gender gap between what boys and girls are good at. Not relative strength, as there is no difference there, but in what skills each gender succeeds at. “Boys throw and kick well, girls skip,” Parsons said in a British Medical Journal podcast in 2021. “This is not a biological but a societal expectation. Those things have to have some influence throughout that person’s life—the way they move is different, and that’s determined by environment.”4 Practice makes perfect, and even young boys are taught the physical skills needed to succeed in sports more often and at younger ages than girls. Extrapolate that over a large population, and by five or six years old, girls and boys have learned and practiced different physical skills.


If you’re skeptical that early exposure wouldn’t make a difference by the time athletes advance to elite levels of sports, new research is showing that it’s likely what gives male players at least some of their muscular advantage a decade or more later.


I’d never considered that my years of playing in the woods and doing chores for my grandma set my body up for a lifetime of muscular strength until I met with Sophia Nimphius on a beautiful summer’s morning in Sydney, Australia’s busy central business district. Under a bright blue sky, we navigated past a marina and into a bustling cafe, each of us ordering a coffee and healthy breakfast bowl topped with fresh fruit—hers oatmeal, mine chia. Nimphius is the pro-vice-chancellor for sport and a professor of human performance at Edith Cowan University in Perth, Australia, and she was in town to speak at the Women in Sports Conference, which brought together experts from around the country. She’d just returned from speaking at the FIFA Medical Conference in Boston, Massachusetts, where she’d presented on popular myths in girl’s and women’s football (soccer). Earlier in her career, Nimphius worked directly with high-level surfers and with elite rugby, basketball, soccer, and softball players. Now she is dedicated to researching sex-based differences in performance and injuries in athletes.


Nimphius said one underacknowledged reason that the strength of young female athletes seems to differ from that of young male athletes is simply hours of exposure and experiences to develop it—not just as trained athletes, but over their lifetimes.5 Girls aren’t pushed to do physical labor; in fact, it is actively taken away from them and given to boys and men. This has lifelong repercussions. “Tonnage, or training volume, as measured in sports science, is how much weight you have lifted over the course of your training history. It’s a crude measure, but it’s a pretty good indicator—if you’ve lifted tens of thousands of kilograms, you’re probably quite strong,” said Nimphius. “If we go back and look at the difference in tonnage for young women and men over a longer time, you’re going to see some big differences. If every time you go to the grocery store, your dad was like, ‘Sophia, bring the groceries inside,’ that move is the same as a farmer’s carry in the gym, right? So then you go to college, and now you’re in a weight room. The tonnage you can pick up will be higher because of these small, seemingly innocuous jobs.” Women start weight training later than men, and girls start most sports later than boys. That early experience changes bodies, priming them for the muscular power needed in many sports. And girls don’t get it—or they get it in a discounted form.


If biological sex were the only reason behind male/female athletic differences, said Nimphius, it wouldn’t be such an advantage to be a farm kid, and researchers wouldn’t have found that the majority of elite athletes had older siblings pulling them into tougher play. She sees this in the talent-development space all the time, in that individuals with older siblings are more likely to be elite athletes. It’s such a well-known factor in sports that FiveThirtyEight ran a feature article analyzing the question “Why Are Great Athletes More Likely to Be Younger Siblings?” in 2020.6 Nimphius said it was simple: If kids play above their level, it pushes them to be better players. “You either didn’t play or you had to compete.” A 2014 study of athletes trying for a place on the US women’s national soccer team found that three-quarters had an elder-sibling advantage.7 This all builds the case that girls aren’t physically challenged as much as they could be when they are younger, and that impacts their bodies for the rest of their lives. Nimphius pointed out that Abby Wambach, former captain of the US women’s national soccer team, was the youngest of seven kids, with two older sisters and four older brothers. She started playing soccer at age four. “It’s that kind of training age, and mentality, that is irreplaceable.”


By middle school, these social, not physical, factors mean that many girls start their athletics journey with a significant deficit in strength and athleticism compared with the boys they know. If girls don’t have the same physical experiences and aren’t pushed in the same ways, how can they get as strong as those who have? Or even just as strong as they can be?


Besides resulting in fewer female players with the physical life experience equal to that of males, preventing girls from doing tough physical work could also result in more injuries. A recurring news story in recent years is that injuries to the anterior cruciate ligament (ACL) tend to occur more frequently in female athletes than male athletes.8 Dozens of headlines from Down Under pointed out that in the first two seasons of the women’s professional league of Australian Rules Football (commonly known as “footy”), ACL injury rates were 6.2 to 9.2 times higher than in the men’s competition.9


Nimphius didn’t buy initial hypotheses for the ACL injury rate, which blamed everything from women’s “wide hips” and stretchier ligaments to particular hormones for the problem. She said these explanations assumed equal training and disregarded the biased systems that precede elite competition. “We fundamentally don’t train equally, much less equitably, in quantity, intensity, or length of time,” she said. The ACL injury rate has dropped since 2019 and in the years since, but for a time it was the subject of much concern over what was seen as innate physical weakness in female bodies.


Nimphius pointed to her presentation at the FIFA conference, where she highlighted the average age that soccer academies— training grounds for the elite athletes who go on to form the World Cup soccer teams—start training boys and girls. All kids start at thirteen years old, plus or minus two years. Since girls go through puberty a year and a half to two years earlier than boys, that means they’re beginning this critical physical preparation too late, when they’ve commenced puberty. Most boys start before or at the beginning of puberty. This matters because “what you do through your pubertal years changes your musculoskeletal system. Those changes are lifelong, and there is some evidence to say that you have an increased ability to adapt in that stage,” said Nimphius. If you hit that window, it’s a lifelong benefit. “In people who are very active during that period, in the bone and hard-tissue research, you can see remnants of that training, even well into adulthood.” Once the puberty window has been missed, it’s gone forever. Training in those key years around puberty is highly impactful, and “girls aren’t getting that advantage, but boys are, and that’s baked into the system.”


Dance shares similar high-risk movements and knee-joint strain as Aussie Rules Football, but sex disparities in ACL injury rates aren’t seen in dance. This is likely because both sexes begin dancing at very young ages (well before puberty) and receive similar training—a fact that points away from physical differences in male and female bodies and toward training and experience as the risk factor for injury. In her paper on the subject, Nimphius wrote that the combination of reduced motor-skills development that comes through practice and shorter preseason training creates a “perfect storm” of female athletes with a higher risk of ACL injury in footy.10


Knowing this, she said, can help coaches train better or differently for the current players who never got the advantages of early preparation—and it should also change how soccer academies think about recruiting, for the future of the sport as well as athletes’ health. Looking at training and making modifications—not blaming biological factors—has already resulted in lower ACL injury rates for female footy players, said Nimphius.


Practice clearly shapes our bones and muscles—and other parts too. One oft-discussed area is the difference in spatial ability between men and women, which has been found over and over again through decades of studies.11 Most researchers have attributed greater male abilities in this area to testosterone’s influence on the brain, and this connection has been used as a proxy for male superiority in biological and evolutionary discussions.12 It’s a pat story—men are good at certain things, and they have more testosterone, so it’s a clear, hormonal cause and effect.


Probably not. Among those with autism spectrum disorder (ASD), no sex difference was found in rotational tasks.13 Recent research has determined that much of the sex difference in spatial ability is likely attributable to confidence—which comes from experience. When both sexes were given time to practice a novel task (moving an object in space), they got better at it, and testing ability evened out.14 Experience, and the confidence it brings, improved results. Self-belief matters: One small Italian study showed, in a group of seventy-one women and eighty-one men, that “women improved performance and reached men’s scores in the MRT [mental rotation test] when they were led to believe they were better than men.”15 Simply telling a group of women that they could best the men in the test improved their scores. What does a lifetime of being told the opposite do?


A 2018 study by researchers at Northeastern University looked at throwing ability, another task where testosterone has been credited for boys’ and men’s better performance.16 Here, too, they found that practice had an impact: Gender differences in throwing ability for most age groups disappeared when those who were less experienced got time to do the prescribed activity.


Most of the reason that men are generally better at spatial tasks and throwing is because they’ve probably practiced them during childhood and adolescence, not because their brains or bodies are so different from women’s. Structural differences have an impact, but they’re not everything. Generally, larger shoulder muscles in male bodies allow stronger overhand throwing, while female bodies’ lower center of gravity lends them greater stability and balance. More practice at something over a lifetime—and especially what we do in childhood—makes us better at that thing, whether it’s navigating an unfamiliar neighborhood, crocheting, speaking a second or third language, or playing soccer.


In light of this science, the fact that for hundreds of years, women’s sports haven’t been taken as seriously has translated into less-prepared female athletes—and it still does. When I heard Maggie Mertens speak at the party for the release of her book on women’s running, Better, Faster, Farther: How Running Changed Everything We Know About Women, she mentioned a fact that gave me hope while also making me realize that true gender equality in athletics is just beginning. After all, the first generation of female athletes born after the 1996 founding of the Women’s National Basketball Association is just now coming of age as adult players. “That’s how you get a Caitlin Clark—that and a lot of practice,” said Mertens.17


Girls and women are still trained as “smaller men” due to a lack of exercise science covering female bodies. Combine that with the fact that girls largely don’t engage in certain types of sports altogether— like football and wrestling (until very recently, see Chapter Two)—due to assumptions about what girls can and should do physically, and we arrive at a sports landscape with less competition, lower stakes, poorer training, and less financial and moral support.


According to Best Practice for Youth Sport, an exercise physiology textbook, the most impactful time for kids to learn fundamental motor skills is between two and eight years old.18 Girls’ repeated exposure to skipping, jumping, and movements that test fine motor control and flexibility, and boys’ exposure to kicking, throwing, and catching impact the physical skills they bring to school sports and into adulthood. These experiences are stored in our muscles. “It’s mostly culture that causes gender differences. Boys are encouraged to be rough and tumble, so they are encouraged to produce muscle from their earliest activities. Girls are pushed [or] push themselves toward movement that doesn’t produce muscles. So we get less strong—it’s a cultural phenomenon from a young age,” said Kate Clancy, a biological anthropologist at the University of Illinois.19


If you weren’t encouraged to demonstrate your strength as a kid, even as an athlete, you might not focus on how beefy your biceps are, or how a stronger gluteus maximus can improve your overall athleticism. It happens even among professional athletes. “I worked for an NRLW [National Women’s Rugby League] team, and we had a four-week preseason. Some girls had never lifted a weight before—that’s going into premiership rugby,” Joanna Parsonage, a sports scientist and strength and conditioning coach based on the Gold Coast of Australia, told me. Weight training’s growing popularity generally means this isn’t as likely to happen in the 2025 team recruits, but change is never as fast as you might expect.


In 2021, a viral TikTok showed the NCAA basketball tournament’s weight-training facility for the male players, a giant room containing many sets of colorful weights of varied sizes. The women’s weight room was less well stocked than a hotel fitness room, with just a bench and a set of six small dumbbells. As Sedona Prince, a player for the University of Oregon Ducks who made the video, said, “If you’re not upset about this problem, then you’re a part of it.”20 The internet was set ablaze with women, and some men, annoyed by the fact that at the famous and well-funded college basketball championships, blatant disparity still existed.


When girls and women grow up in a culture that discourages them from testing the limits of their physical strength (and one where boys and men routinely are encouraged to), it’s no wonder they believe they’re weaker. Women’s work of all kinds has historically been seen as less important than men’s. Those biases, including from women themselves, cross over into sports and mean less money for female athletes. And so, for years members of the US women’s Olympic soccer team were paid significantly less than members of the men’s team, despite winning far more games and bringing in the same amount of money—a disparity that was only rectified in 2022.21


All this cultural training and baggage also messes with female athletes’ self-perception—and it can take years for women to believe that they are capable of competing at the same level as men, even when pursuing solo sports. When I interviewed Jennifer Pharr Davis, a longtime record holder of the fastest known time (FKT) for hiking the Appalachian Trail, she told me that she had first competed for the women’s FKT, which she handily won, before finally going for the FKT for all people. She made the switch when she realized she had “limited myself based off gender. My body showed that I could compete with the men in a way that my mind had not expected,” she said.22


Luckily for all of us, there are some women, like Pharr Davis, who push past what they’ve been taught about the capabilities of the female body.


DOING IT HER WAY: SMALL PACKAGE, BIG STRENGTH


Mara Jameson (not her real name) fights fires and saves lives in upstate New York. Like many women in careers where they work around mostly men, Jameson has had to be flexible, adaptive, and creative to fit in. That started with the Candidate Physical Ability Test (CPAT), which is “basically like an obstacle course.” The CPAT isn’t just a fitness test; it’s centered around the actual skills a firefighter needs to put out fires and rescue people and pets.


Jameson told me that prior to the CPAT’s creation in 1996, the qualification test was just a random collection of tough physical challenges, like running a certain distance in a certain time and doing so many push-ups or pull-ups. Each department had different standards, and there was a lot of subjectivity over what a passing grade was and which wannabe-firefighters would make the cut. That kind of subjectivity in a test can result in a team that “looks the part” rather than one that functions best.


Now it’s a standardized test. “They spent a long time and a lot of resources developing a new test, so you can look up each requirement and the specifics of exactly what’s involved. It’s actually very job specific,” said Jameson.23


Challenges include dragging a 165-pound dummy while wearing a fifty-pound weight vest. “It’s a greater percentage of the body weight of a smaller person—I only weigh about 115 pounds—than for a big guy.” She trained for it by dragging a weighted tire back and forth across her driveway. A CPAT challenge that has a particularly high failure rate is walking up a machine that has a conveyor belt of stairs (at one step per second) for three minutes and twenty seconds—while wearing seventy-five pounds of weight. “You’re not allowed to touch the railing or get off or stop. If you do, you fail.” Jameson said people assume that if they are in shape they can climb some steps, but it really requires specific training. Jameson worked up to walking for seven minutes while carrying ninety pounds. Here her smaller size was useful: “The stairs test is all legs and butt and stability. I have an advantage in that with a lower center of gravity.”


The sledgehammer skill test mimics the forcible entry firefighters must perform to access a burning building that’s locked. Sledgehammering a door down in a short time requires plenty of upper-body strength—or so you’d think. Jameson assumed as much, and although she practiced, she actually failed her first CPAT because she couldn’t pass the sledgehammer test in the time allowed. “That one in particular I was terrible at. My sledgehammer hit was very weak.” She was already lifting weights—what else could she do?


Turns out that her problem wasn’t strength; it was technique. Jameson worked with a friend who showed her how to use the tool, and she was able to triple the amount of force (measured in the test by a machine) simply by modifying her swing. “It wasn’t that I was weak. I just didn’t really know how to hit with a sledgehammer in that particular way,” she said. The answer wasn’t more muscles, it was torque, like the windup and release of a baseball pitch. Jameson passed her test and became a firefighter.


Jameson said that now that she’s been fighting fires, the rigors of doing the job have proven the usefulness of the test requirements, meaning it’s a fair test. Her fellow firefighters also have confidence that she can do what needs doing because she passed the same challenges they did. Only about 50 percent of people who attempt the CPAT, of any gender, pass it, according to Jameson’s experience; other research data shows pass rates of 40–80 percent, depending on population and location. But not many women apply, she told me, estimating that about six women and about eighty men attempted the exam during the time she’s been with her department.


She loves the work. When the alarm goes off, “you drop whatever you’re doing, you get into your gear, and you get out the door in a matter of seconds,” she said. She either drives the fire truck and operates the pump or rides on the back step. “Everybody wants to ride the back step except the guys who are close to retirement. My job then as nozzle man is to put out the fire. If you are the first arriving, you get out, you see what’s going on, and you have to estimate how much hose you need.” Then the firefighters drag the empty hose toward the fire, getting as close as they can before the pump operator charges the line. When the water starts flowing, the nozzle reaction kickback force is a good percentage of Jameson’s weight, with the potential to knock her over. It’s simply harder for a smaller, lighter person to handle the nozzle, but her air pack and gear weigh her down a bit, and she can often find a brace to mitigate the force of the nozzle. Coming up with those kinds of in situ solutions is part of being a firefighter.


There are lots of other jobs at a fire. “If you’re not the nozzle man, you have a pike pole or some other tool, and you’re breaking walls to find hidden fire,” Jameson said. In an emergency situation, with a lot going on, it’s an advantage to have a variety of skill sets and abilities. “There’s a big recognition in the fire service that everybody has different strengths and weaknesses physically and intellectually, and in terms of life experience. But everybody has something to offer.” Not every firefighting guy is tall and burly; there are short and slight male firefighters too. She said that although she’s had issues with the equipment fitting, some of the guys are so big—due to either muscularity or height—that the equipment doesn’t fit them either. Her size is an advantage in confined-space rescues, where a larger-bodied person wouldn’t fit. “There’s so many different kinds of rescues, and there’s so many different kinds of situations. We’re all a team.”


She said one of the reasons that you don’t see many female firefighters isn’t just the physical test, which clearly a female body is able to complete. It’s the life experience that leads people to firefighting. A lot of the men she works with have done construction, roofing, landscaping, auto mechanics, or truck driving—which gives them specific skills that are practical as firefighters. Knowing home construction can be useful when putting out a fire, for example, because you know what’s behind the wall. It’s a feedback loop: Women don’t do those types of jobs, and so they never learn certain skills that make for a stronger firefighter.


But Jameson wanted to do the job, so she went for it. “I just think things are interesting to do, and I want to do them. The idea that a woman couldn’t pass the CPAT, or that someone of my size and dimensions couldn’t pass the CPAT, was like, well—maybe. But you know, I think I can do it.”


I was kind of amazed at her confidence, and I asked her where that faith in her body came from. She had good role models. Her mother was a high-rise iron worker. Her grandmother had a PhD in psychology (and was told at a job interview that she was qualified but they were going to hire a man who didn’t have her family responsibilities). Jameson had been an athlete and a rock climber in her younger years.


“My superpower is a combination of being curious about things, and also not caring what people think,” she told me. That easy confidence, that willingness to give something new and physically hard a shot, even in midlife, isn’t so common. I couldn’t remember when I had heard a woman talk so comfortably about her body’s capabilities. Jameson knew that her body was strong in the ways it was strong, and that her strength could be used to complete tough tasks—maybe in the same ways a guy might do them, maybe in different ways, using her own unique talents.


Jameson’s words felt like a missive from the hopeful future of living in a woman’s body. There wasn’t a lot of discussion about overcoming self-doubt, or men undermining her, or unfair tests or standards. There was just pure confidence in her body and an acknowledgment that she could work hard to do what she was interested in doing. That she could give her best as part of a team and it would be enough. That her leaders and teammates would be tough but fair.


Doing the work of firefighting certainly tests anyone’s body, but it’s not about looking a certain way or having certain muscles in specific places. It’s about getting the job done. Unlike athletics, which test specific sets of skills, the work of a human body in the world is more complex and less prescriptive. It’s more like Jameson’s work—physical challenges that come with a variety of possible solutions—and that’s been true throughout most of human history.


Jameson’s achievements came from a place of genuine curiosity. Regardless of what she’d been told about what someone of her size and gender could do, she really wanted to find out what would happen if she worked hard and did her best. That’s much easier said than done, but her spirit of open-hearted inquiry and her questioning mind really inspired me.


I now embody this question in my ongoing weightlifting journey. Like the many women who have gotten into the sport, I want to see how much I can eventually lift. This will do wonders for my bone health in old age, as I report in Chapter Fourteen. But I’m also doing it for the sweet, sweet high of clacking weights onto my barbell and throwing them over my head in a split jerk, my favorite move. How strong can I get?





Chapter Two


CENTERING WOMEN’S MUSCLES


Audrey Jimenez is super excited to be part of what the Associated Press calls “the fastest-growing high school sport in the country”— girls’ wrestling.


Some stats that might surprise you if you didn’t realize wrestling is a Thing now: The number of girls’ high school wrestling teams has quadrupled in the last decade. The number of girls wrestling was up 60 percent in 2023 alone. As recently as 2017, only six states sanctioned girls’ wrestling, but by mid-2024, forty-six states had.1 The Associated Press reports that in Pennsylvania, the number of female wrestlers almost doubled in 2024, and the number of high school teams in the state shot to 180 that year from exactly none in 2020.2 That’s just one state. Hundreds competed in the first all-female state tournament in Pennsylvania, where in previous years, there weren’t enough girls competing, so they sometimes had to wrestle with boys.


Jimenez has been there, done that. After years of playing softball, she was immediately curious when her tío—her uncle—opened up a jiu jitsu gym. (“He’s actually my second cousin, but Mexican families, if they’re relatives older than us, we’ll just call them our uncles,” she told me.)3 Her tío had invited people to come try jiu jitsu training as part of his business opening, and Jimenez enjoyed “figuring it out.” She was also considering her future. “I had pretty big goals with softball. I was making regional teams and traveling a lot. I wanted to go to college, and I had dreams to go to the Olympics.” But she found herself more interested in jiu jitsu at her tío’s gym, where she was also learning wrestling moves. There wasn’t as much opportunity with jiu jitsu as there was in wrestling, so she put her focus there to align her interests with her goals. Though COVID chaos affected her freshman year at Sunnyside High School, in Tucson, Arizona, delaying state championships, she won state in the girls’ division that year—and in her sophomore and junior years.


After she had won all the competitions she could against other girls, she did what she needed to so she could keep moving up in her sport. “There were maybe, like, one or two other girls in the local clubs, so I was wrestling boys,” she told me. In February 2024, as a senior she became the first girl to win an Arizona state title wrestling against boys.4 She had to get special permission from the Arizona Interscholastic Association to do it, but she said everyone was pretty cool about the situation. The wrestling community was always “very welcoming of me.” The roar from the crowd following her historic win was a rich and wonderful sound.


Jimenez has a theory as to why thousands of young women are so into the sport. “As individuals, girls maybe learn a lot quicker—I think we pick things up. So we’re jumping levels noticeably. You see girls wrestling just as good as some of these guys, and that brings attention to the sport,” she said. A greater push for equality in high school sports from coaches, parents, and school administrators helped, sometimes in combination with advocacy by nonprofit groups like Wrestle Like a Girl. Recent wins in women’s wrestling at the Rio, Tokyo, and Paris Olympics, combined with a greater societal acceptance of combat sports for girls and women, have helped. It’s no coincidence that arm and shoulder muscles on girls and young women are cool now. Jimenez’s own muscular arms are enviable, and she regularly displays their strength, as anyone who had such muscles would in the 2020s, whatever their gender.


There are a lot of reasons Jimenez personally loves wrestling, from the techniques that vary “whether you’re on your feet, or on the bottom, or on top,” to how she’s always “learning and evolving in the sport, learning more about positioning, or tactics, or strategy.” Wrestling is “very chess-like” because you’re in a one-on-one competition with a single other person. Jimenez loves being part of a team that cheers her on, but “once you step on the mat, you don’t have to depend on anyone else, win or lose, and I really enjoy that.”


One of the basic rules of wrestling is that people are divided by weight class, which essentially divides them by size, so it’s a sport focused from the get-go on equalizing strength and testing technique. Since women are already wrestling men and winning, could it be a mixed-gender sport?


At the college level, it becomes clear why wrestling, like so many other sports, will likely be gender-segregated into the future. When I checked in with my own graduate alma mater, Columbia University, I discovered that they had a powerful women’s wrestling team, captained by Maya Letona (who also wrestled boys in high school). But it’s still a club team, which means limited finances and only one coach (varsity teams at Columbia get three to four coaches). That’s likely to change soon, because the organization that governs college sports in the US, the NCAA, considers women’s wrestling an “emerging sport.” It’s slated to become the NCAA’s ninety-first championship sport, with the first bouts scheduled for 2026.5 That designation means Columbia and many other schools will now have the framework to organize a woman’s team— including the funding that comes along with it. But there’s no room in that framework for a nongendered or mixed-gendered team.


College sports are set up based on men’s teams and women’s teams, from the NCAA to club sports. It’s understandable that Jimenez is glad to see women’s wrestling become its own category, because more girls will have the opportunity to wrestle by fitting into that existing system. This is incredibly important for athletes and the opportunities that athletics allow for young people. Jimenez described where she comes from as a low-income community, and said wrestling has been a “big outlet” for her. “I have the best family—they’re super supportive and everything—but we haven’t always been through the easiest of times,” she told me. “So wrestling has always been there, and it’s been something where I could see myself having a great future.”


That future is only possible if women’s wrestling is incorporated into the existing college sports system; there’s no current way for female wrestlers to use their sport as leverage for a college degree, as so many do in every other sport, unless it is part of the ecosystem of gendered sports. That means its status as a gendered sport is unlikely to change anytime soon. Still, Jimenez is on her way, leveraging her strength and physical savvy to secure a spot as a student-athlete at Lehigh University.


WHAT IS MUSCULAR STRENGTH?


What’s better when it comes to physical strength: faster or longer? “It depends” is a totally reasonable answer. Is this a sprint or a marathon? Are we getting a job done that pays by the hour or the project? Are we penalized for mistakes made by speeding along, or is arriving first the only criteria for winning? As humans, we make these kinds of calculations all the time. Sometimes it’s worth it in life, or work, to take extra time to do something, and other times, quickness is the name of the game. This is also true in athletics, with the balance of speed to endurance depending on the sport and the event.


But when we talk about muscles and the physical strength they represent, it’s often a less nuanced conversation. There isn’t a singular definition agreed upon by everyone, but muscular strength is usually a variation on the idea of lifting, pushing, pulling, lowering, or flinging the heaviest weight one can manage in a single effort or contraction. Lifting a lighter weight over many reps (endurance) or moving weight using less energy (efficiency) aren’t how most people understand strength, and endurance is often considered a different category than strength.6 Generally, muscular strength equals heavy plus fast. Strength thus far has not been about long plus consistent (even though Merriam-Webster defines “strength” as “the state of being strong: capacity for exertion or endurance”) or efficient use of power.7


Guess which gender has defined muscular strength by what their bodies do a bit better?


Important note: The generalizations here and throughout the data provided below are just that. There are many cisgender women who have more of certain types of strength that I attribute to male bodies, due to different life experiences and/or training in athletics or through their work. People of different genetic backgrounds can have widely varying abilities to add or lose muscle and in where that muscle is located. We’ve all seen runners with bigger butts and thighs competing against others with very slim legs, because humans are diverse! Trans men and women may have muscles that have been modified by hormone supplementation or may have worked to build up or reduce certain muscles in order to comport with physical ideals around the gender they identify with. Scientists have barely begun to consider how hormone differentials caused by being intersex and diseases that can defy the “norms” of the gender binary, including polycystic ovary syndrome and Turner syndrome, may impact athletic performance. So keep all of this in mind as you read about muscles and sex—a topic that, as you’ll see, is pretty complicated even if you ignore this side note (which researchers have thus far mostly been doing).


That being said, let’s be clear: Yes, in general, male bodies are better at the particular ability to lift a heavy object using arms and shoulders—due to significantly more practice at doing it, starting as kids, and more muscle fibers in their upper and lower arms, driven by hormones, both of which result in greater muscle mass. This is why, for those quick, heavy lifts, male arm muscles can be up to twice as strong.8 (There’s less of a sex differential in the legs, as women carry more lean muscle in their lower limbs and have a lower center of mass.9) The idea here isn’t to deny that cisgender guys are strong in certain ways—but that by defining muscular strength in this one way, other types of strength are ignored.


Looking outside the gym and taking into consideration the arc of human history, muscles need to do much more than just lifting or chucking something weighty a few times. Muscles in areas other than the upper body do many other jobs. Core muscles help the human body to maintain balance and to move quickly and accurately, and they are key for moving long distances while carrying or dragging weight, as our gatherer-hunter ancestors routinely did. More flexibility means muscles have a greater range of motion and are less likely to be injured. And how muscles throughout the body use energy determines how long a person can persist in a given task, whether that’s hiking through snow, carrying water over a parched landscape on her head, or performing lighter-weight but repetitive motions like tanning a hide or gathering firewood.


Most survival tasks on planet earth depend more on this longer-burn type of muscular power. While quick bursts of strength can be useful in battles and hunting particular species of large animals, muscular endurance and shooting accuracy are more important in finding and killing smaller animals and fish, and for efficiently gathering plants, nuts, mushrooms, and fuel for fires. In short: Brute force has important but limited utility, and lower-impact but longer-lasting muscular power is imperative for a wide variety of necessary tasks.


Generally, the muscles in female bodies excel at longer-lasting power. We know this not only because when you look around the world, you see women doing this work—the water- and baby-carrying, the long-distance foraging trips, the cleaning, the food processing—which requires hours of lower-weight muscular work. (Girls are also socialized to do this type of labor, so their muscles “learn” it.) We know it because scientists have seen it in the lab. Both animal and human studies have shown that across various muscle types, although muscles in male bodies move faster and have a higher maximum power output, at lower weights, muscles in female bodies are able to persist doing a task for longer—sometimes a lot longer.10


Experts on how the human body moves—like Sandra Hunter, a professor of exercise physiology at the University of Michigan—use the term “fatigability” to describe how quickly muscles tire. Hunter has been studying muscle fatigability since she began her PhD studies in the early 1990s, and the work came to her unexpectedly. Early in her career, she was conducting what she thought was a “very boring” study that was supposed to simply examine the reliability of a test that looked at how long people of both sexes could perform an isometric (sustained) muscle contraction—think standing and holding a bag of groceries, or a child in one arm.


Hunter told me that, naturally, she tested herself first. She took the place of a subject in the special chair in her lab that’s designed for this kind of research. The chair’s armrest, equipped with straps, holds the subject’s bent arm at a right-angle position. In this configuration, the sensors in the chair measure how hard the person can push upward at a certain force and for how long. Hunter figured out the maximum weight she could lift from that position, then set the machine at 20 percent of that weight. Next, she tried the test she would give others for the study: How long could she hold that weight? Hunter found she could hold the weight in position for twenty to thirty minutes before her muscles failed. She started testing college-age recruits to her lab. One female student bested Hunter and lifted upward for an hour before her arm muscles gave out.


Then a big, burly guy sat down. His maximum weightlifting power was about seven times Hunter’s. She set his test weight at 20 percent of that and was shocked at what happened next. “After about a minute,” Hunter told me, “I realized that he was going to fail really quickly. I thought he was putting it on—I thought it was a joke. But he lasted just about two minutes. That was astounding to me, because I thought, ‘This is still just 20 percent of his maximum.’”11 He was not the only man to have this issue.


In the published study, Hunter reported that overall, the women were able to sustain the isometric muscular contractions twice as long as the men, even at the same relative intensity.12 That this seemingly basic fact was a surprise to a young physiologist in 2001 speaks to the lack of research into women’s bodies that existed at the time. But after her initial surprise, Hunter started to wonder about the mechanism for the difference between men’s and women’s muscles that was uncovered in her study: “How come he only lasts two minutes?”


To find out, Hunter created a new study with ten men and ten women of equal strength—they were all capable of the same max lift.13 Using 20 percent of that weight, Hunter repeated the sustained contraction with them. When the subjects were matched for muscular strength, she found that the sex differences disappeared: Both sexes’ muscles failed at around the same time. Hunter thought this was good evidence that the initial study’s sex difference might have been due to bodily mechanics—in larger muscles, blood flow can become blocked by the movement of the muscle itself. When muscles don’t get enough oxygen, they fail. So the burlier a person is, regardless of gender, the more likely their blood flow might be blocked when holding a muscle in a contracted position.


Hunter didn’t stop there. Since she already had these strength-matched subjects in the lab, she thought about her prior study and wondered: Was there another way to test muscle fatigability that wouldn’t be impacted by the mechanical effect of larger muscles cutting off blood flow?


She changed the movement performed by the test subjects. Instead of doing a sustained isometric exercise, they contracted their arm muscle, held for six seconds, and then released for four seconds. The weight was set at 50 percent of their maximum, and the contract-hold-release movement was repeated until muscle failure. The idea was that during the release, the muscle would again have access to oxygenated blood, removing the issue of larger muscles blocking blood flow. In this study, she found that the strength-matched women lasted twice as long as the men.14 So strength for either sex depends on the task, but in terms of sustained muscular work, the finding was (and remains today) that “women on average have more fatigue-resistant muscles than men,” as Hunter puts it.


Significant additional research since Hunter’s has backed up that statement. In a large narrative review published in 2023 in the Journal of Strength and Conditioning Research, physiologist James Nuzzo gathered and compared a variety of studies on a number of different exercises— from bench press to biceps curl to leg press to trunk extensor—in men and women at different weights. Looking specifically at lower weights, half or more of the studies in the dozens Nuzzo gathered showed that women were able to perform more repetitions of exercises, including lat pull-down, bench press, biceps curl, and leg press. At anywhere from 40 to 80 percent of the maximum weight that the person could lift, press, or extend, many studies found that women could do more reps. The lower the percentage of maximum, generally the better the women did compared to the men, and they did particularly well at the 40–50 percent range. At around 70 percent of their maximum weight, women were breaking even, and men began exceeding them at over 80 percent. This is more evidence that “women are less fatigable than men in tests of isometric muscle endurance,” as Nuzzo wrote.15


Why would it be easier for muscles in female bodies to persist at lower weights when those in men’s burn out? The answer could be oxygen uptake. It was long assumed that male bodies are best at oxygen uptake, since they have higher VO2 max rates—which is how much oxygen a body can use during intense exercise. But what about oxygen uptake at lower exertion levels? Researchers from the University of Waterloo in Canada had eighteen male and female college students of similar fitness levels walk quickly on a treadmill—but only up to 80 percent VO2 (not max). They measured their subjects’ oxygen uptake and oxygen extraction. The female subjects had about 30 percent faster oxygen uptake while exercising at a moderate pace, which led the researchers to conclude that “oxygen extraction dynamics were remarkably faster in women.”16
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