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INTRODUCTION

How much do you know about the female body? Your body? Or, your partner’s, your friends’, your sister’s, your kid’s?

Oh, you know the one! It’s considered softer, “fairer”; more vulnerable but also, more capable of enduring pain. It bleeds on purpose sometimes, it can get pregnant at others, it’s both fetishised and derided (often by the same people, at the same time), and it belongs to 49.7% of the world’s population.1

Even if two centuries of modern medicine – almost exclusively developed and practised by men – have provided some facts re key organs, what goes where and why (let’s not – yet – get into the fact that women’s bodies were omitted from US clinical trials from 1977 to 1993, or that, for some years they were routinely considered as smaller, stranger versions of men’s bodies)… How much of that knowledge have we absorbed? Fully, or even partially understood?

For example: Do you know what a female sex hormone is? Or any hormone for that matter – what they look like, how they operate? What they want from us? Are they really our diabolical overlords, capable of manipulating our bodies and our personalities on an unknowable whim? Or are they on-side? Supportive? Friendly, even?

And what’s a brain? Because, while my knowledge of that especially essential organ settles somewhere between it’s-the-bit-where-I-get-my-thinking-done, and, it’s-bulbous-and-veiny-and-divided-into-two, I also appreciate, this isn’t really adequate. What’s it made of? Is a female brain distinct from a male brain?


Did you know women are twice as likely to be diagnosed with depression and Alzheimer’s?



Oh, and: might we talk about boobs? What they’re made of, how much they cost a woman over the course of her life, and how on earth they produce milk?

And the vagina, (which, by the way, is not the same thing as the vulva – did you know that? Because I didn’t!)

And then, there’s the pelvic floor and the fallopian tubes and – it’s a wild geographical segue I appreciate, but: wouldn’t it be good to know why woman footballers are so much more likely than men to tear their ACLs? That’s the anterior cruciate ligament, which resides in the knee. And what does that mean if you’re not a woman footballer, just, y’know, a woman?

And I’ve always wondered what a period really is. Sure: I know about the pain, the feeling like you’re being kicked repeatedly in the ovaries from the inside, and I know about the blood and (on occasion) the abject relief you’re not pregnant, and (on others) the terrible sadness because you’re not pregnant, but, what I’m asking here, honestly, is: how does it happen? What’s the mechanism?

And why do you feel like seven shades of worthless crap just before them, then, like several gazillion dollars of competent, sexy, gregarious wonder, just a little later? And why do they stop, not just in menopause?

And what is menopause? Is it puberty in reverse? An initially slow, but then increasingly speedy luge run towards pointlessness, social invisibility, crumbly bones, a mushed-up brain, fury, flushes, divorce and death?

Or is it actually not that at all? Because, you know, women have been known to win Nobel Prizes after the menopause.

Back to puberty though, because it impacts girls differently. Some say it’s worse, some say it’s better. There’s certainly an idea that girls mature faster than boys… But maybe that’s just something we say, to keep them in line. And why does childbirth hurt so damn much? What’s the logic in that? Wouldn’t it be more sensible – for the continuation of the species and so forth – for childbirth to be, I dunno: fun? How is breast milk made? Does it really vary in formulation according to what your baby needs, from feed to feed? How much extra does it cost a person to have a pair of breasts over the course of a lifetime, in terms of bras, milk pumps and back pain, possible cancer treatment, and so on? It’s gotta be a few grand, right? In which case: should we have tax breaks on boobs?

And another hot topic: infertility. Is it more common now, or are we just more aware of it, partly thanks to the lucrative industry built around fixing it? Why is everyone freezing their eggs? Should you freeze yours? What’s that like? Does it hurt?

How does the pill work? No, really? And is it actually bad for you? Why is TikTok alight with claims like: “Birth control is this generation’s smoking”; is it really associated with an increased risk of suicide? Or is it the most freeing, empowering thing to happen to women since we won the right to vote? As one doctor put it to a friend of mine who’d asked if she should stop taking the pill and embrace a more “natural” life:

“Natural? You wanna know what natural is, for a woman? It’s getting pregnant and giving birth, over and over and over again, from puberty to menopause, at which point you’ll die of exhaustion – assuming you haven’t already died in childbirth, of course. That’s what ‘natural’ is.”

I didn’t know. Didn’t know any of it. For years, I’d driven my body around like it was a car – and I had zero interest in the manual. Then, one day last year, I found myself in the haematology department of my local hospital – The Whittington, North London – waiting for a blood test. I was due to start taking a drug to cure a dose of toenail fungus, sexy I know; this drug was hardcore enough that my liver function needed to be assessed in advance. There were, I dunno, 40-ish people in the waiting room with me, all ages, all ethnicities, all shapes and sizes and clothing choices and so on and so forth, but… just the one gender. We were all female. Every last one of us.

“What’s this about?” I wondered.

Later that day: I loitered on a tube platform, waiting for my train, half-heartedly reading the billboard adverts covering the walls. I suddenly realised that one in three of them – maybe more – were offering private diagnostic tests. There was everything, from fertility tests, menopause-related hormone tests and immune system tests to thyroid function. There were “peace of mind full body health checks”, there was a sort of upright cubicle device, a bit like an airport security system, offering non-specific full body scans.

All these tests! All several hundred quid a pop, by my guess, but here’s my point: almost all of them were very obviously aimed at women. Tests designed to check every aspect of us, to pinpoint potential failings and deficiencies, and name and quantify future risks we hadn’t even considered, yet.

“Freeze now. Live today. Try later,” ran one, an ad for egg freezing services.

“One in two women aged over 50 will break a bone due to poor bone health,” read yet another.

Blimey, I thought.

Suddenly, it was like I’d tuned into a radio station that was back-to-back chat about women’s bodies. “There’s more research into male patent baldness, than there is into all aspects of women’s health combined,” a health-fixated feminist mate tells me. “Also: guess what the second biggest demographic for STIs – sexually transmitted infections – after teenage girls and young 20-something women is? It’s women in their 40s and 50s!”

“Older! They’re turning up with chlamydia in their 50s and 60s,” says Dr Kate Jolowicz, my local GP, a rock star of a practitioner (genuinely, people queue to see her). “Did you also know that more sanitary pads are sold to women with incontinence because of pelvic floor issues, than for their periods?”

I did not.

A heavily pregnant friend tells me she had to have two counselling sessions before medics would consider giving her the elective caesarean she had, following careful consideration, decided she wanted. One midwife told her that she wouldn’t bond with her baby as well, if it were born through caesarean birth.

Could that be true?

My physio mate, Wendy, says they used to give teenage girls oestrogen if they thought they were growing too tall (“In the 70s! Not that long ago!”). The psychologist in my local coffee shop tells me it’s “Bullsh*t that women have a higher pain threshold. We just put up with more pain.”

“Are we really twice as depressed as men?” I ask her. “Or are women just more likely to seek help?”

“Isn’t that the million-dollar question,” she says.

“Did you know there’s evidence hormone replacement therapy (HRT) protects against dementia, heart disease, strokes and osteoporosis?” Dr Jolowicz tells me.

“But isn’t it a bit dangerous?” I say. “I thought it was dangerous. Why do I think it’s dangerous?”

“There was a discredited study in the 90s. Look it up.”

“Yeah, but HRT’s also been massively over-prescribed lately,” says my frenemy the wellness influencer. “It’s a scandal. Did you know that male babies only become male at six to seven weeks gestation? And that girl babies are usually stronger than boy babies in the early stages of development, with a lower chance of complications?”

And so on and so forth and so damn overwhelming and confusing and contradictory that I start feeling like I need some definitive answers. Desperately.

I’m a journalist, an interviewer by trade. I’ve interviewed everyone from Donald Trump to Gwyneth Paltrow. Interviewing is something I love doing; lifting the bonnet on someone else’s mind, having a good old rummage, seeing who they are and what they know. It’s one of the few things I’m qualified to do, too.

So – I started thinking – what if I were to apply my interview techniques to a load of experts in women’s bodies? Neuroscientists, academics, medical specialists, midwives, gynaes, psychologists and physios? What if I were to layer up different perspectives on the same topics, and compare and contrast ideas and experiences? What if I were to collate… Not just the textbook knowledge, but also the evolving theses, observations and personal experiences of a bunch of people who have dedicated their professional lives to women’s bodies?


What if I were to ask all the people who actually know – the people at the (sometimes, literally) beating heart of it – How the Female Body Works?



What if we could chart the scope, track how it changes across a lifetime? From puberty – the point where I guess we could say it first becomes functionally female – through the childbearing years and on. Through the real meaning and impact of the menstrual cycle, to fertility, and the issues it brings, then: pregnancy and childbirth, perimenopause, menopause, and older age. What if, together, we were to unpack the messiness and beauty, the complexities and mysteries, and gain a better understanding of what happens when an aspect of it doesn’t work, along with the magnificence and power of when it does? How it waxes and wanes, shifts and transforms, from day to day to week to month to year to decade? What if we dug deep – my experts and I – into the wild and miraculous glory of female bodies, of our bodies?

Might that be useful? Fascinating? Challenging, surprising, funny, infuriating, revelatory, reassuring?

Might that be… amazing?


A NOTE ABOUT MY EXPERTS


I did not intend for this to be a political book. I really didn’t. I just wanted it to be useful, and I thought factual beats political in that respect, every time. But. It turns out it’s fantastically difficult to contemplate women’s bodies, and by extension, women’s health, without also getting political. Politics is just… there. For example: from the very beginning of medicine, women were presumed physically inferior to men – Aristotle called us the “mutilated male”. This jumping off point led, inevitably, to the proliferation in the 18th and 19th centuries of ideas like “hysteria” – the belief that everything from epilepsy to what we now call borderline personality disorder could be blamed on the womb. Add to that a vague, persistent ickiness around female hormones, and a general lack of desire to engage with them in any meaningful way. Doctors and researchers were historically male, which meant the female experience was inevitably and completely underrepresented; most of the cells – animal as well as human – studied by medical science were also male. In 1977, the American Food and Drug Administration formally excluded all women of childbearing age from all drug trials following a series of drug-related disasters, most strikingly, the thalidomide tragedy.2 This led to vast shortages of data on how drugs impacted women, something which only began to be corrected in 1993, when the inclusion of women and minority groups in trials was legally mandated in the US. “We literally know less about every aspect of female biology compared to male biology,” Dr Janine Austin Clayton, associate director for women’s health research at the US National Institutes of Health, told the New York Times in 2014.

If things are changing, and some of them are, they’re changing slowly. And some of them are not changing. Some are getting worse: according to a 2023 study by the painkiller brand Nurofen, the gender gap on pain – the ways in which, and extent to which, women suffer more pain than men – is getting wider. All of this has led to a lot of understandable fury about how overlooked women and our bodies have been. How disregarded, how – at best – reduced to our biological function, and ignored beyond that. How let down. How… allowed to die.

But I’ll tell you something about the experts I interviewed for this book: they convinced me that this absence of care, of concern, of research into female bodies, this scientific wariness of them – is categorically not the whole story. Every last one of my experts showed themselves to be gentle but ferocious warriors in the war against what has recently been named “medical misogyny” – an umbrella term for the systemic gaps in knowledge, interest and treatment when it comes to women’s bodies.

In their every word, their every sigh and pause, in how passionate they became, how excited and (sometimes) furious, and in all the extreme patience they showed me (as I tried my very hardest to keep up), my experts showed me nothing but the purest respect for female bodies. Passion. Reverence. Delight. Extraordinary care. A deep desire to help, to heal. I was left with the same sense, after speaking to each and every one of them: love. True love for women’s bodies.

It made me feel very hopeful.





CHAPTER ONE

WHAT ACTUALLY ARE HORMONES?

Where else could I start my exploration of female bodies but with hormones?

What’s that, you say? Breasts? Yeah, maybe. They too are routinely used as a shorthand for the condition of femaleness – ah, but, you know what? No. Because it takes hormones to make breasts in the first place; without hormones, there just is no female body.

So: what are they? I hear them invoked over and over as the root cause of everything – from low mood to poor sleep, from spots to a random itch, an intense headache, how alluring we appear to the world, or how reclusive we feel from it. Our worst tempers, our weirdest outbursts, our joys and sorrows (the full range of our emotional responses, actually), our excessive sweating, sudden changes in smell, pregnancy, infertility, periods – and the end of them – hormones are the cause of it all.


They’re like a bunch of unknowable Greek Gods, buffeting our bodies and emotions around, according to their will.



But where do they come from? And how do they work? Are we born with them? Like, with a store of them? Do they lurk in our children’s bodies, waiting for puberty to wake them up? Can you see them under a microscope? In which case – do different hormones look different? Can we smell them?

Above all else, I think: how responsible are they for our characters? Our personalities? Do hormones make us who we are? More, or less, emotional? Or anxious? Or angry?

This question starts to overwhelm me, and I end up wondering: am I me? Or am I my hormones?

* * *

I first hear of Dr Nicky Keay after finding a paper she wrote on stress fractures in female athletes and ballet dancers whose periods had stopped because of undereating and overtraining. I google Keay and discover she’s a trained doctor, a lecturer in hormones at University College London and an advisor to dance companies, working closely with dancers to study their menstrual cycles and the impact they have on their performance. She’s also the author of Hormones, Health and Human Potential, published in 2022, and Myths of Menopause, 2024.

I email her and ask if she’d meet. She says yes – “Always happy to talk hormones!” – and invites me to her home in south London for coffee. She takes me on a tour of the mini dance studio she has set up in a back room, complete with a mirror, practice barre and a section of hardwood floor taken from English National Ballet offcuts (“my husband thought it was a daft idea, then Covid hit, ha!”).

I ask her what a hormone is.

“It’s a molecule that travels around in your bloodstream. The word comes from ancient Greek; it means: ‘setting in motion’. What’s it setting in motion? Your DNA. Your blueprint for life.”

DNA, or deoxyribonucleic acid, holds the instructions for building and running our bodies. It is made of two linked strands that wind around each other to resemble a twisted ladder – a shape known as a double helix. Hormones tell our cells which part of the DNA to read and how to put those instructions to work.

So, I ask, is our DNA loitering in our cells, waiting for our hormones to boot them into action?

“Exactly!”

What’s a hormone made of?

“On an atomic level? Carbon, hydrogen and oxygen with some ‘optional’ other elements.” Dr Keay goes on to explain that there are two types of hormone: protein and steroid. Protein hormones are made from amino acids, while steroid hormones, aka the sex hormones – oestrogen, progesterone and testosterone – are made from cholesterol. Some hormones exist in our bodies from when we are in the womb, and others, including the sex hormones, the ones that make our bodies male or female, kick in later, in puberty.

“A hormone,” says Dr Charlotte Gribbin, a doctor of aesthetics and regenerative medicine – Botox, filler, and so forth – whose work by definition brings her into contact with many women in their 40s and 50s, so is often underpinned by whatever the hell is happening with their hormones, “is produced by a gland. It causes an effect somewhere.”


You could think of hormones as a messaging system, I learn. They’re like chemical telegrams, which zip from the gland to an organ, prompting it to perform a function.



It triggers the process of you growing a pair of boobs or starting your period, or prepares your body for pregnancy.

Some hormones work slowly, methodically, and according to a schedule. They send you to sleep at night (melatonin) and wake you in the morning (cortisol). Others are more instant and are inspired by a change in your environment. Adrenaline would be an example.

“Adrenaline comes from the adrenal glands,” Dr Gribbin says. These are small, triangular-shaped glands that sit on top of the kidneys and produce various hormones that regulate your metabolism, immune system, blood pressure and, in the case of adrenaline, your response to alarming situations. Adrenaline, like melatonin and cortisol, are also examples of hormones that act on your body through childhood.

The human body produces a lot of hormones, over 50 by current medical reckoning. They exist within the endocrine system, communicating with each other and moderating the quantities released at any one time in accordance with each other.

Dr Gribbin explains that hormones are different from neurotransmitters – like dopamine and serotonin. Neurotransmitters are chemicals released between nerve cells in the brain. “Hormones talk to each other. Like, if you have too much dopamine, it’s not going to go back to your brain and say: ‘I have enough now, don’t produce anymore’. Whereas, if you have enough oestrogen, that’s going to feedback and say: ‘Stop now. I need you to cool it for a while.’” Whatever else it does, your body is constantly working away in the background, beyond your consciousness, ensuring you’re neither too hot, nor too cold, too thirsty, or overhydrated. Hormones are part of that system.

That’s so clever.

“Oh, hormones are very clever,” says Dr Keay. “There are whole families of them! An orchestra is how I describe them, imagine the strings, the woodwind – they’re all in there, in their little group. Overall, they make a whole symphony.” (Dr Keay – music lover, ballet devotee – generally thinks of hormones in terms of music and dance.)

Men and women share pretty much all of them; they just produce them in greater or lesser quantities.

Hormonal fluctuations are thought to be behind sleep troubles in women, which may explain why men tend to experience less insomnia. Interestingly, some studies suggest that women generally sleep better than men1 – though they also need more sleep overall.

Men and women both produce adrenaline, as discussed; and cortisol, another stress hormone, which also comes from the adrenal glands – although some studies have shown that men have a higher baseline level of this. Cortisol is, as we’ve seen, responsible for waking you in the morning.


And incidentally, Dr Gribbin tells me the most common time of the day for both men and women to have a heart attack is between seven and eight in the morning, when cortisol peaks.



Cortisol controls your body’s response to a stressful situation by increasing the sugar (glucose) in your bloodstream, on the assumption it will prove useful in a fight-or-flight situation, powering muscles to punch and/or run, then managing their subsequent repair. This is fabulous if you are in a fight-or-flight situation, but not so great if you’re not – if your stress is related to, say, a relentless onslaught of emails, road rage or undernourishing your body for an extended period of time in a misguided, desperate attempt to lose weight, because there’s a party or you want to have a beach body. And of course you know intellectually your self-worth should not be even fleetingly associated with your dress size, but you’ve got millennia of cultural expectation to overturn before you feel that instinctually – and a crash diet will be quicker.

And yet, according to Dr Keay, cortisol is the reason extreme diets don’t work. If you allow your calorific intake to drop suddenly and sharply with one of those diets, your body will respond by increasing cortisol, which – oh, irony! – encourages it to store fat in the assumption that you’re in some sort of emergency situation. A famine, perhaps. Cortisol-related weight gain tends to result in fat lodged around your abdomen, your stomach, waist, lower back – and in you weighing more than you did, before you started the crash diet.

Oxytocin is the cuddler’s hormone, the warm and fuzzy hormone, the bonder, the lover; it’s released into the bloodstream by the hypothalamus – a big daddy of a gland, a hormonal overlord situated in your brain – in response to anything from breastfeeding your newborn baby, to stroking a dog, to having an orgasm. Oxytocin literally makes you warm, too – it’s involved in the thermoregulation of your body, which is, presumably, why we associate it with emotional warmth.

Insulin is produced in the pancreas – the six-inch section of your digestive system located in your upper abdomen, behind the stomach – and regulates how effectively your cells use the glucose in your bloodstream, which is why a lack of it, or an inability to use it well, is associated with type 1 and type 2 diabetes.

T3 (triiodothyronine) and T4 (thyroxine) are the main thyroid hormones, produced by – you guessed it – the thyroid, the butterfly-shaped gland that lies against and wraps around your windpipe. T3 and T4 are responsible for regulating your metabolism, your digestive processes, your hunger and your related energy levels.

Melatonin, like cortisol, is essential to your cycle of sleeping and waking, also known as your circadian rhythm. Melatonin originates in the pineal gland, which is located deep in the brain. It’s activated at night by a depletion in sunlight, which is why you get sleepy after dark, and it’s at its lowest levels in your body in the morning, when cortisol is at its highest. NB: blue light emitted by laptops, smartphones and tablets had, until recently, been widely assumed to suppress melatonin, and in turn, disrupt sleep. However, a new review published in 2024 in the journal Sleep Medicine Reviews,2 and drawing on 11 studies, concluded this is probably not the case; it’s more likely that being deeply absorbed by whatever it is we’re scrolling through, and thus neglecting to focus on falling asleep, is what’s actually causing the disruption.

Then come the sex hormones, the steroid hormones – oestrogen, progesterone and testosterone – which don’t bother your body much until it hits puberty. We’re getting to them, cool your boots.

Can we smell hormones? Adrenaline: in a way, yes. There are two distinct varieties of sweat gland: eccrine, which occur all over your body and secrete the looser, more watery, less pungent kind of sweat designed to cool you down after physical exertion, and apocrine, which tends to limit itself to the armpit area. The apocrine sweat gland is activated uniquely by psychological stress, and the sweat it produces is much denser and more viscous. Apocrine gland sweat also smells stronger, and it has a sulphurous undertone; there’s some scientific conjecture that it evolved as a way of communicating potential danger across tribes. Regardless, it certainly accounts for the rank aroma emitted by the entire planeload of holidaymakers that time I arrived in Malaga airport following three failed landing attempts (crosswinds on the runway, loves!), whose armpits betrayed any and all communal attempts to keep a lid on abject panic.

As for arôme de oestrogen, according to an (admittedly small) 2019 study from the University of Zurich, in which men were asked to rate 28 women of reproductive age in order of the attractiveness of their smell: yes, we can. All the study subjects chose women who, previous tests indicated, possessed the highest levels of oestrogen. Another study by researchers at Yale University, published in 2020,3 designed to challenge the prevailing idea that a woman’s facial symmetry alters to become more attractive during the peak of her menstrual cycle, when her hormone levels are at their highest, concluded it was more likely that women simply smell different when they are most fertile.

Can we see hormones under a microscope? Nope. You can see the red blood cells they zip about in, but hormones themselves are not visible. Scientists have, however, mapped them out as chemical structures.

“Let me show you a hormone spinning round,” says Dr Keay. She produces a laptop. A vertical structure of interlocking hexagons with outstretched arms and tipped with red dots dances around in front of us. It’s oestradiol, one of oestrogen’s three forms; it’s most potent incarnation.

“It’s a beautiful molecule,” Dr Keay sighs. “It’s my favourite.”

[image: ]

It seems like the right moment to ask the question that’s been obsessing me more and more lately, so I grab it:

How much of our personality do hormones account for? Like: how much of us is us, and how much is our hormones? Are “female” hormones responsible for those things so routinely described as feminine traits? Does more oestrogen make us more caring, for example, more loving, more desiring of closeness and bonding? More inclined to look after others? Or is that about us having less testosterone? Or is it about oxytocin, the cuddly, orgasmy hormone, present in higher levels in women than men?4

Does the particular female hormone mix really make us moodier, less reliable, less capable, as is (still) widely presumed? Does it drive our behaviours, our life choices? Make us end relationships we should stay in, storm out of jobs we should also stay in? Or is that sexist bullsh*t and/or social conditioning? And how much of it is about the individual; her specific hormonal mix, her sensitivity to it?

And if not, are women as guilty for perpetuating these ideas as men? For loudly decrying our failings, our inadequacies, our foul tempers, our sadnesses et cetera, blaming it all on our hormones and thus, often, undermining our own position, when bulldozing on through, exuding confidence and competence while appreciating that literally everyone messes up from time to time, while never once mentioning our hormones, might serve us far better?

Above all: where do our hormones end, and where does our actual, essential us-ness begin?

“Well, isn’t that the question?” Nicky Keay says.

We will be returning to this in the next chapter. Believe.


WHAT I KNOW NOW

• Hormones are chemical messengers, carrying instructions from one part of the body to another.

• There are over 50 hormones in the body.

• Our capacity to produce them is with us in the womb. Through childhood, we’re subject to a lot of them, such as melatonin and cortisol, which helps to synchronise our circadian rhythms. Sex hormones begin to impact us in puberty.

• Men and women have the same hormones, just in greater or lesser quantities.

• We can’t see them – but we can smell some of them.

• How deeply they define our character and direct our choices is a vast question – one to which I shall be returning, over and over.







CHAPTER TWO

PUBERTY

Right now, I feel like Keanu Reeves in the 90s sci-fi classic The Matrix, after he has files of new knowledge downloaded directly into his brain, and he looks up at Morpheus (Laurence Fishburne) and says: “I know Kung-fu.”

Only in my case it’s: “I know hormones.” Sort of, anyway.

What I need to learn about now is sex hormones specifically. The ones that shape women in so many senses, not least how our bodies look and behave.

My vague understanding of them is that they’ve got something to do with puberty.

What I am about to learn is that sex hormones are puberty. And puberty is sex hormones.

* * *

I meet Dr Charlotte Gribbin at her private clinic, a cool suite of rooms in central London. Dr Gribbin – demonstrative, Irish, instantly likeable – tells me about the earliest stages of her career. She studied medicine, specialising in cardiology, in the mid-90s – around the time medical science first started noticing that women experience heart attacks in different ways from men. Most notably, their symptoms are different. According to Dr Gribbin, “myocardial infarction – the clinical term for a heart attack – was always defined in textbooks by the way it occurs in a man. So I [as a student] was learning typically male symptoms: crushing chest pain, radiating down the left arm, breathlessness, sweatiness… There was a list. That person walks into A&E? You’re popping an ECG on them! Women, as in every aspect of medicine, present more quietly. A myocardial infarction in a woman is less dramatic. Less loud.”

Why?

“Because they make less of a fuss.”

Their bodies – our bodies, women’s bodies – make less fuss? Even when we’re having a heart attack and quite possibly dying?

“Yes. Literally. Physically. Audibly. Less fuss.”

I think this is incredibly important, so bear with me while I veer completely off topic to explain how a woman might experience a heart attack – a myocardial infarction – and how that might differ from a man’s experience of it.


During a heart attack, women are more likely than men to experience nausea and sweating; pain or pressure in parts of the body other than the chest (NB: we might not experience any chest pain at all), for example, in the upper abdomen, jaw, neck or upper back; shortness of breath, fainting, indigestion and extreme fatigue. You should, of course, seek immediate medical assistance if you experience any of these symptoms because you may be having a heart attack.



And now – puberty, which I understand as the release into the body of the sex hormones oestrogen and progesterone in the case of girls, which, over the course of a few years, change a child’s body into that of an adult, i.e. one physically (though probably not yet emotionally, never mind, financially) capable of sexual reproduction. This feels like a hot mess of psychological and physical turmoil – a tsunami of doubt and boobs, obsession, confusion, perpetual gnawing, soul-seeping FOMO, alienation, nameless, shapeless all-encompassing shame, spots, but also the sparkly, glimmerous foreshadowing of the wondrous, endless possibilities of the life to come – all crashing down over your head and your rapidly changing body over and over again, for four or five years straight. It is exhausting and wildly confusing, though you can take the edge off it, in my experience, by drawing on the Bounty of Superdrug (my gratitude to Clearasil – go-to OTC spot treatment of the 80s – endures).

“Puberty, in fact, is organised, and it is predictable,” Dr Gribbin tells me. “It follows a pre-programmed path. An order.”

Didn’t bloody feel like it, I say.

“Ha!”

She produces a neat, stapled print-out of an academic paper entitled “Physiology, Puberty”, published by researchers Logen Breehl and Omar Caban, most recently updated in April 2022. She passes it over.

“It’s the best I’ve read.”

“Puberty,” the paper begins, “is the process of physical maturation where an adolescent reaches sexual maturity and becomes capable of reproduction. On average, puberty typically begins between eight and 13 in females and nine and 14 in males. Puberty is associated with emotional and hormonal changes, as well as physical changes such as breast development in females (thelarche), pubic hair development (pubarche) … and the onset of menstruation (menarche). Puberty proceeds through five stages, termed Tanner stages, ranging from prepubertal, to full maturity.”

The Tanner stages – a scale for measuring the physical development of children as they transition through adolescence into adulthood – were developed by British paediatrician James Tanner in 1969, after he’d spent some 20 years studying the physical changes in girls in puberty. They’re still considered the gold standard on pubertal development, widely invoked in research and clinical practice.
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In terms of what happens, when: Stage 2, thelarche, the very beginnings of breasts – the dawn of boobs – tends to kick in between the ages of eight and 11; Stage 4 (menarche) takes effect up to three years later; although environment, nutrition and genetics can impact the timings and progression significantly, sometimes still within the range of healthy and expected, though sometimes not. Dr Philippa Kaye, the GP with whom I speak about the development, function and politics of boobs (Chapter 5), suggests in her book Breasts, An Owner’s Guide that “if you have not started to develop breasts by age 13… or you develop breasts, but have not started your periods by 15, then please see your doctor.”

Puberty starts when the sex hormones – in girls, oestrogen and progesterone, though we do also have some male sex hormone testosterone – are released into our systems.

How?

“GnRH,” says Dr Gribbin. “It’s the master switch.”

Cool, cool. Yeah, no, what?

“Gonadotropin-releasing hormone. The clue’s in the name. ‘Gonad’, the gland which produces sex hormones, male and female; ‘tropin’, that means ‘towards’ or ‘stimulating’, and ‘hormone’… So, it’s a hormone that stimulates the gonad.”

In women, the gonads are the ovaries, while in men, they are the testes. These glands control big puberty milestones such as thelarche (the onset of breast development, Tanner Stage 2); pubarche (the appearance of pubic hair, Tanner Stage 2, followed by thickening and coarsening in Stage 3); and menarche (the onset of menstruation, which usually occurs around Tanner Stage 4).

GnRH is released by the hypothalamus, deep in the brain, which in turn controls the function of the pituitary, a pea-sized gland positioned at the base of your brain and in line with your nose. The hypothalamus and the pituitary, which are connected by a cord composed of blood vessels and nerves, work together to keep your body in a state of homeostasis, or self-regulation, to achieve the kind of balance that maximises your chances of survival. Homeostasis is the function, for example, which enables our bodies to maintain a temperature of around 37°C, because this, among many other things, makes it harder for fungal species to thrive within us. Fungi like it cold. (Anyone who has watched the post-apocalyptic wonder TV drama The Last of Us, or played the video game on which it was based, will be so glad to know this; I know I was.) The hypothalamus and the pituitary are also the ultimate bosses of the endocrine system, overseeing and regulating the production of all hormones in your body.

Around a year before the release of GnRH, i.e. a year before puberty begins, your body will experience adrenarche. As Dr Gribbin explains, this is when “your adrenal gland kicks in, sending a signal to the body: get ready, because once I’ve done my thing – ‘adrenarche’, where ‘arche’ means ‘a transitional phase’ – GnRH will hit.” Adrenarche is a stirring, an awakening, a readying, of the adrenal gland for the onset of puberty.

As puberty begins, GnRH orders the pituitary gland to produce FSH – follicle-stimulating hormone – and LH – luteinising hormone. (I know, I know, I’m bombarding you with acronyms, stick with me, I swear they’ll become as familiar as “LOL” or “BRB” or “OOO” in time.) FSH is the hormone responsible for kickstarting egg development. One of the few facts I knew about the female body before I launched myself on this enterprise – I heard it once, and was so creeped out that it stayed with me – is that baby girls are born with all their eggs, the unfertilised bases of pregnancy for an entire lifetime, already in them. These eggs are made while she’s still in the womb, which means the egg you came from was actually formed in your maternal grandmother’s womb. This is why we can see the impact of things like alcohol consumption across generations.


Women are born with between one and four million eggs, but that number declines over the years. Lots of eggs die off naturally in childhood: 10,000-ish a month, all of which are absorbed back into the body.



By puberty, you’re left with somewhere between 40,000 and one million eggs, one (maybe two) a month of which will leave your body when you have your period, while the rest keep right on dying and being absorbed. By the age of 25, we have a paltry 300,000 left, after which, the decline in their numbers gets steeper and steeper until menopause, when they’re all gone.

Where was I?

Oh yes.

So GnRH sends its homing pigeons FSH and LH whizzing through the bloodstream, straight to their predetermined destination, the ovaries and the uterus (or womb), where they fly slap bang into the receptors designed to recognise and respond to them. Your ovaries – home to the follicles, the small, fluid-filled sacs that store all those eggs you were born with – receive FSH and LH as an instruction to start producing the sex hormone oestrogen, while the uterus receives them as an instruction to start producing progesterone, and: huzzah! Puberty is launched, like a proud ship, onto the waves of sexual maturity.

But hang on a sweet sec: we need to contemplate female sex hormones more fully. Oestrogen – estrogen, if you’re American – is a hormone whose Wikipedia page reads: “Estrogen or oestrogen is a category of sex hormone responsible for the development and regulation of the female reproductive system and secondary sex characteristics.” (The female reproductive system, our vagina, uterus, fallopian tubes, clitoris, cervix, along with our capacity to give birth and menstruate are our “primary sex characteristics”, while our boobs, broadened hips and underarm and pubic hair are our “secondary sex characteristics”).

But this, honestly, is to undersell it tragically.

For oestrogen is the goddess hormone.

Maisie Hill, menstrual health expert, period coach, podcaster and author of Period Power (2019), calls it “the Beyoncé of hormones… Confident, alluring, sexy and ready to conquer the world. Oestrogen wants us out there in the world, on the lookout for someone to mate with.” Dr Nicky Keay calls it her “favourite”. Fertility site Hertility.com calls it “the matriarch”. You might also consider it “the hussy hormone”: a thrilling 2009 study lead by Dr Kristina Durante at the University of Texas claims that, not only do we feel more attractive with more oestrogen in our system [more on this in Chapter 3, The Menstrual Cycle], we’re more likely to have illicit affairs on account of it. “Women with higher oestradiol [the most potent variety of oestrogen] reported a greater likelihood of flirting, kissing and having a serious affair with someone other than their primary partner and were marginally more likely to date another man… Our results are consistent with the possibility that highly fertile women [i.e. women with more oestrogen] are not easily satisfied by their long-term partners and are especially motivated to become acquainted with other, presumably more desirable, men.”

Oh, but oestrogen is potent! Also, multi-functional. Oestrogen’s functions include, but are not limited to: increasing the production of neurotransmitters serotonin and dopamine, which regulate our mood; protecting our nerves and our brains from damage; stimulating the production of hyaluronic acid, collagen and elastin, proteins which, anyone familiar with the Bounty of Superdrug (or Selfridges beauty hall, or cultbeauty.com or really the label on the back of any half-decent moisturiser) will know, makes your skin elastic, bouncy, dewy, pretty. Oestrogen is also responsible for promoting bone mass, thereby protecting them from breaks and fractures; regulating cholesterol, thereby protecting us from heart disease; maintaining the health and thickness of vaginal tissue, keeping it lubricated, stopping it from getting dry. And all this is merely a side hustle to creating and regulating the menstrual cycle and overseeing and supporting pregnancies: specifically, the development of a baby’s organs and the function of the placenta. Our bodies, by the way, are flooded with oestrogen when we’re pregnant. As neuroscientist Dr Sarah McKay tells me: “If you have a pregnancy, you’ll get a thousand times more oestrogen than you’ll receive in the entire rest of your life.”


You might see oestrogen as a fearless, fun-loving, thrill-seeking dynamo. Progesterone, meanwhile, is like oestrogen’s risk-averse, strict, judgemental best friend.



Or perhaps, oestrogen’s manager? Progesterone is subtler, quieter – but in a powerful way, not a shy way – and it’s mysterious. “We don’t really understand as much about it,” Dr McKay says. Oestrogen would be nothing without progesterone. They’re an interdependent double act, more on this to come (see Chapter 3, The Menstrual Cycle).

So. Puberty. It is now, Dr Gribbin explains, that oestrogen starts to act on the ovaries for the very first time, while progesterone starts to act on the uterus. This means that the ovaries will start to stimulate one or two of those eggs into a state of maturity, ready for release into the fallopian tubes, while the endometrial lining on the uterus will thicken. The uterus itself will enlarge. This is because production of your growth hormone increases in puberty – doubles, in fact5 – which means your body extends: your bones literally lengthen.

One of the powerful impacts growth hormones have on the female body is that it broadens our hips, which in turn, results in a greater Q-angle. The Q-angle, or quadriceps angle, is an imaginary line used as a reference point by medics. It runs between the pelvis through the quadriceps – the big muscles in the front of your thighs – and down into the patella tendons in the knee. The Q-angle in women is around 13–18 degrees, as compared to around 12–15 degrees in men. While the broader hips associated with the greater Q-angle are useful in terms of giving birth, they’re less so when it comes to physical sport, where they seem to increase the likelihood of injuries. More on this, soon.
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Then comes some visible evidence of puberty: thelarche, which is when oestrogen kickstarts the growing of breasts.

About six months after thelarche, comes pubarche, the development of pubic hair (which is initially sparse and fine, according to Tanner Stage 2). This occurs in response to the production of adrenal androgens, male sex hormones secreted by the adrenal glands in both men and women. “Sex hormones have receptors all over the body, not just in the organs they’re designed to look after,” says Dr Gribbin.

Menarche – your first period – typically occurs one and a half to three years after thelarche. During this time, oestrogen and progesterone have been acting progressively on the ovaries and uterus, ensuring they’re big and robust enough to take care of that literally bloody business. “Fun fact,” says Dr Gribbin, “when your periods start, you don’t ovulate for another six to nine months.” This failure to release an egg is known as anovulation. At this stage of puberty it’s normal, but it can also happen later in life and is considered one of the leading causes of infertility.

Meanwhile, the GnRHs stimulate the ovaries to produce oestradiol, which in turn prompts the development of secondary sex characteristics, such as fat redistribution onto the hips and breasts. “The way fat is distributed in your body changes,” says Dr Gribbin. “When you’re an eight-year-old stick-thin little girl, your breasts might be about to start making a move, your nipples might start to change. But over the next four to six years, your weight will start going into different places. We’re all born with the same number of fat cells we’ll have all our life. But the fat distribution starts to change in puberty. That’s based on growth hormone, insulin and oestrogen. And it goes round the hips on girls.” It’s also responsible for girls developing a broader pelvic bone, one designed to better facilitate childbirth; and for a change in the volume of our ovaries, from around 0.5cm³ to around 4cm³.

Oestrogen will refashion your uterus, changing it from a pre-pubertal tubular shape to a chunkier, pregnancy-accommodating pear shape; while your vulva will uh… I wanna say “enjoy”? Oh, why not!… Your vulva will enjoy an enlargement of the labia majora – the outer lips – and the labia minora, the inner, smaller, flaps, which extend down from the tip of the clitoris.

Why, I ask Dr Gribbin, does puberty feel so dramatic and intense and… violent, really? If it’s so structured, so regimented, why does it feel so wild, so out of control?

“Brain development sort of speeds up. An emotionally very stable eight- or nine-year-old kid can become very labile during puberty.”

Labile?

“It’s a great word. Because it’s not that they [teenagers] become unstable… It just means ‘fluctuating, unreliable’. Hormonal!”

But normal?

“Completely normal. Some hormones can leave you feeling out of control. Especially adrenaline, which can sometimes spike just because something unexpected has happened. That then feeds back to your other hormones: your insulin, your cortisol especially. And neurological pathways are being laid down! I’m trying to remember what the specific pathway is called…”

Don’t worry, I say. I’m going to zoom a neuroscientist.

PUBERTY AND THE FEMALE BRAIN

I wake up at 6am for a video call with neuroscientist Dr Sarah McKay – she’s at her home in Sydney, and I’m in London, navigating the time difference. Despite the early hour, it proves entirely worthwhile, because she is amazing. I spend the following week resenting having to speak to people who aren’t neuroscientists; I can’t shake the feeling they’re not worth it. Normos don’t know anything cool about brains.

Dr McKay is an Oxford-educated New Zealander, an academic now based in Australia where she runs Think Brain, a science communications business that translates neuroscience so that businesses might better understand and apply it. Her particular area of interest is what happens to our brains when we go through different life phases, specifically puberty, pregnancy and menopause. It’s an area she’s researched and continues to research, tirelessly. She’s analysed the brain scans of girls and women as they go through those life phases and written definitive books on the subject (among them, The Woman’s Brain Book in 2018).

So, just wondering: what are our brains, like, made of? I say (by way of a casual opening gambit).

Dr McKay laughs, pauses, boggles – presumably as the true extent of the limits of my knowledge dawns on her.

“Gosh. Is that the actual question?

Yes.

“I’ve never been asked that before!”

God love the woman – she rolls with it.

“OK. Brains are made up of 86 billion neurons…”


Neurons = the basic units of the brain and the nervous system, the bricks of their houses, the grains of sand on their respective beaches. According to the University of Queensland, “they’re responsible for receiving sensory input from the external world, for sending motor commands to our muscles, and for transforming and relaying the electrical signals at every step in between.”
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Neuron

“…and a whole lot of other billions of supporting cells,” Dr McKay continues. “We’ve understood, for quite a long time, what neurons do. They communicate electrically, but also chemically, via synapses. The point-to-point connection between neurons is a synapse.” This is a microscopic gap. “We’ve understood over time how those 86 billion neurons come together to communicate our thoughts, our feelings and our behaviours, and we’re starting to understand what the support cells do. We used to think they were a bit like glue or scaffold, but we’re understanding they play a role as well.”

So we could think of the brain as a collection of 86 billion miniscule units that interact with each other constantly, and in doing so, make us move and think and feel. That make us everything we are. How amazing.

“I’ve been thinking it was amazing since I was 18,” Dr McKay says. “I’m nearly 50 now. Every day, I still think it’s the coolest thing ever.”

My next question is a dangerous one, the kind considered by some to be profoundly problematic. Elements of the feminist movement consider its very existence “neurosexist”, and believe it should simply not be asked. All it does, they argue, is reinforce stifling, poisonous gender stereotypes, primarily the idea that women are inherently inferior.


But it’s also a question which has intrigued philosophers and scientists from the ancient Greeks on, plus it really fascinates me. So I ask it: is there a male brain and a female brain?



“That’s the big question. It’s really difficult to answer in a really short way. You have to be slightly long-winded.”

Fine by me.

“We have biological males and biological females, and many aspects of our bodies, our nervous systems, our brains – which are part of our bodies – are very very similar, if not identical. We’ve got fingers and fingernails and hands and bones. And skin and hair and eyeballs that see, and legs that move us around the world, and hearts and digestive tracts… but there are also many aspects of our biology that are very very different.

“That’s what enables there to be two biological species, which can reproduce. Evolution has selected for there to be two completely different biological sexes: male and female.

“And we understand that there are differences in terms of chromosomes, reproductive systems, in terms of secondary sex characteristics which emerge at puberty, in terms of genitals. And then there are other factors that overlap a whole lot…” Dr McKay goes on to tell me about something called “bimodal distribution”. This is a set of data showing variation between two groups of people. She gave the example of height.

“I’m actually quite tall, and I have a very tall sibling. My sibling is six foot tall – taller than the average bloke – but that’s my sister. She’s a very, very tall woman.”

Me too! I say. Both my siblings are taller than I am, maybe not taller than the average bloke, but probably getting there – and both are women. (The younger one, who is tallest of us all, was for some years of the opinion there should be some sort of law – at the very least, widely accepted and vigorously enforced etiquette – on shorter women not dating taller men, leaving them to taller women who, she felt, had fewer options.)

“And we kind of understand that there’s average heights of men and there’s average heights of women,” Dr McKay continues, “but there’s lots of overlap between the two – we can talk about average differences here, but we intuitively understand you can have really short dudes, and really tall women. There’s a bit of a sex difference there in height: but there’s also a ton of overlap.”

Morpheus: I know bimodal distribution.

“Then, we start to look at behaviours. Let’s talk about something silly, like knitting. Who likes to knit? Actually, one of the people I know who is the most prolific knitter, and has been ever since I’ve known him, is a Canadian bloke I went to university with. So: ‘Do men like knitting? Do women like knitting? Are men better knitters than women?’”

Dr McKay tells me that she thinks of our brains as a reflection of the whole of our bodies; so much of them is neither male nor female. You could not, she says, crack upon the skull of a man, or a woman, “and go: ‘Oh look, the ladies have got the pink brains! The gentlemen have got the blue brains!’ They are bimodal.”

Men’s brains do tend to be around 10% bigger than women’s on average, not because they’re more intelligent – although from the 19th century on, when that size difference was first recognised, various scientists have attempted to use it as proof of just that – but rather, because it’s necessary to drive a body which is, on average, bigger.

This is not the only difference, Dr McKay tells me. There are some parts of the brain where there is sexual dimorphism, a difference in appearance between males and females. “There’s still a bit of overlap, but there’s differences. Women have a special neurocircuitry that’s involved with ovulation – obviously men don’t have that. Men do have similar circuitry that’s involved in regulating testosterone production, getting feedback on testosterone production from the testes.”

I get it: because brains are fantastically complex, it takes an infinitely more complex kind of question to establish what we even mean by “a male brain” and “a female brain”. Are we talking about anatomy, physiology, behaviour?

“Or network connections,” Dr McKay says. “Are we talking about five-year-old boys and girls? Are we talking about kids going through puberty? Are we talking about a woman going through pregnancy versus a man of the same age? We have to start asking much more precise questions. We have to start asking: ‘What is the difference that we are interested in? And how different is that difference?’ Because there’s a lot of overlap.”

Now: puberty.

Brain development in puberty is triggered, I learn, by the same mechanism that triggers the development of our bodies – that surge in sex hormone, that turning-on of the hypothalamus, which pings a chemical message from our brain to our ovaries and uterus, prompting our breasts and pubic hair to grow.

“Brains have got receptors for sex hormones too,” says Dr McKay. “Male brains and female brains follow the same trajectory: it’s almost like they just have a different key to turn on the same car. But they end up in the same place, through pubertal development. So just think about it as brains are going through puberty too. There’s a significant neurological transition taking place in teenagers’ brains, driven by pubertal hormones.”

And it’s oestrogen and progesterone for girls, and testosterone for boys – though everyone has all three hormones, just in varying amounts.

“Yes.”

First, we need to consider how the structure of our brains change in response to that surge in sex hormone. During childhood, our brains get gradually bigger, reaching near-adult size when we’re around seven or eight. Although they won’t get any larger in puberty – they couldn’t, or they’d burst out of our skulls, apparently – they do still change, structurally; their ratios change.

Dr McKay starts casting around her desk for something.

“Uh… where’s my brain?”

She produces a full-size plastic model of a brain.

“Here it is. Right. Grey matter is this wrinkly outer coating.” She swirls her hand around those fat, juicy wormy, prominent ridges and the rivulets that divide them.

It’s wrinkly like that, to pack more of it in, right? I say.

“Yeah! You can stuff more into an enclosed space. Like, if you’ve got a piece of paper and you scrunch it up.”

I choose not to alert Dr McKay to the fact that I know this because it came up in an episode of the gorgeous, coincidentally Australian, comedy Colin from Accounts, during which, the main character, medical student Ashley, claimed that if all those wrinkles were ironed out flat, the brain would have the circumference of a 20” pizza.6

If grey matter is the wrinkly scrunched-up stuff on the outside of the brain, white matter is located deeper within, and is the means by which its different regions are connected. They’re wires, highways, axons, says Dr McKay. When the brain is developing in puberty, grey matter has been observed to get thinner. This may sound alarming, as if it were degenerating. In fact, it’s the opposite. That thinning of grey matter allows for slicker interconnection; it’s a streamlining process, a sharpening-up.

The parts of the brain that are subject to this thinning and sharpening are incredibly significant. They’re the areas which, in puberty “are undergoing critical periods of experience-dependent development. We see the emergence of a kind of mastery of skills, improvement of the types of functions that those singular brain regions are involved with.”

What are we talking about, when we say teenagers need “experience-dependent development”? Social and emotional development. Your teenage years are classically the time during which your focus turns outwards, away from your family, towards your friends. I remember voraciously seeking out those friendship tribes, those identities and the people associated with them, trying on goth and indie kid and Wham! fan and skater girl for size. All those sharply delineated microcultures, all offering a framework, a sense of belonging and new thrilling horizons, all at once. All of them, apparently, a consequence of the way in which my brain was changing shape.

“Your brain is driven to belong to a new tribe. There’s an evolutionary reason [for that]: you want to find a mate from… Well, not from your family.”

Reasonable.

Yet along with that brain-inspired compulsion to seek out newness, new people, new situations, comes a kicker of a payback, which is also a consequence of how your brain changes shape in puberty. It suddenly becomes incredibly sensitive to social experiences, even as it drives you to seek them out. This is all due to a thinning of the grey matter in parts of the brain involved in social cognition, which, according to Dr McKay is “thinking about what other people are thinking. Thinking about what other people are feeling. Reading facial expressions. Picking up social cues.”
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