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Foreword


BY EMILY OSTER

Around my 43rd birthday, I woke up one morning with very sore nipples. Sensitive, painful to the touch, and uncomfortable. This had only happened to me once in the past, about ten years before, right before I learned I was pregnant for the second time. But, unlike in that moment, I was definitely not trying to be pregnant.

I’m a published author, a professor, and I run a website called ParentData focused on providing evidence-based information on pregnancy and parenting. Given my background, I wish I could say I approached this situation calmly. In fact, I panic-googled pregnancy symptoms and then went out and bought several expensive early-detection pregnancy tests. I only relaxed after two of them were negative.

Then, a month later, the same thing happened. I started to worry about other things than an accidental pregnancy—could it be breast cancer? Some other serious health complication?

It was at this point that I got very lucky. I had been searching for someone to write about perimenopause and menopause for ParentData. And right around this time, I was interviewing Dr. Gillian Goddard. “I’m 43 and my nipples hurt,” I told her, about five minutes into our first call. “Can you explain that?”

She laughed, and she did explain. You’ll get the full picture in Chapter 7 (where this story will make a brief additional appearance), but the gist of her answer was that as I was going through perimenopause, my hormones were working harder to get out my last useful eggs. She explained that what I was experiencing was normal, it might or might not keep happening, and also let me know when I should be concerned (if the pain was only on one side and didn’t seem to correspond to my cycle, that was a red flag).

Her answer managed to be both understandable and complete, succinct and informative. Personally, I was relieved to have the answer delivered in such a compassionate and comprehensive way. And professionally, I knew that Gillian was exactly who we were looking for at ParentData. We brought her on to write the Hot Flash newsletter every week, covering topics in perimenopause and menopause. We were lucky to get her take on everything from hormone replacement therapy to weight loss drugs to the placenta.

Gillian is an absolute master at answering individual questions. Should I get HRT? Are itchy ears a sign of perimenopause? Does creatine help with anything? There are many of those in this book, and I suspect many of your questions will be answered here.

But: the fact that we have all of these questions reveals a broader problem: our knowledge of our hormones stinks. You have certainly heard of hormones, and in popular culture they are well known for making women (usually, only women) act “crazy.” And maybe sometime in middle or high school you learned about the endocrine system. I would venture that you’ve forgotten most of that, and even if you studied very hard, the endocrine system turns out to be pretty complicated.

More than that, when we teach people about hormones, it’s in the abstract, not in the context of our lived experiences. I surely once learned something about the science of estrogen, but it was only through Gillian that I came to understand how central this is in the experience of many of the symptoms of aging (and its role in ameliorating some of them).

We are in a moment in which menopause and perimenopause are finally getting more airtime. More people are discussing symptoms, treatments, and individual questions—and more people are acknowledging these sometimes challenging experiences. A cohort of millennials are entering this life phase—milleniopause is everywhere. And yet, too often the discussions remain very focused in the specifics of what treatments might work, what to take or what not to take. Too little time is spent explaining why.

Knowing why is crucial, though, for thinking about our health, for interacting with our doctors, and for processing new questions at least partially on our own.

That is largely why I’m so thrilled that Gillian chose to write this book, rather than, say, a book about answering your menopause questions. This is a book about the why of our hormones. Where do they start, when do they show up, where do they go and when? Yes, it has a lot about perimenopause and menopause, but it starts at the beginning. Which I can tell you, as the parent of a teenage girl, is extremely helpful.

Bottom line: I am incredibly grateful that Dr. Gillian Goddard walked into my life, and I cannot wait for her to walk into yours.






For Denise, Stephanie, and Evelyn In memory of Margaret







Introduction


The first time a headache woke me up, I was confused. The throbbing over my left temple was so intensely painful, it was difficult to think. I tried to roll over and go back to sleep (it was 3 a.m. after all), but my head ached so badly I couldn’t ignore it or relax. Eventually, I got up and shuffled to the bathroom for some ibuprofen. An hour later I was able to drift into a restless sleep. The pain was still present, but dulled.

The next day, I felt vaguely hungover despite not having any alcohol the evening before. My head still throbbed and the bathroom light was overwhelming. My stomach was churning. Over the course of the day, I racked my brain trying to figure out why I had such a bad headache, but I couldn’t come up with good reason. Toward late afternoon it finally started to fade, and I let the event slide into the past.

But over the next several months, the headaches kept coming back. They always started in the middle of the night, waking me from sleep. They were always just above my temple on the left side. They always made me sensitive to light and came with a tinge of nausea. And none of my usual headache remedies worked. The headaches made it difficult for me to focus at work. I was so frustrated I that couldn’t figure out what was causing them. I finally started keeping a headache journal—something I recommend to my patients but had been avoiding for months. And it quickly paid off. The first headache after I started the journal woke me up at 3 a.m. the day after my period started. A month later, I got my next headache. Low and behold, it was on the second day of my period, too.

I had been getting periods since I was 12 years old, but here I was at 43 trying to sort out and manage a new period symptom. I am an endocrinologist—which is a doctor who is a hormone expert—and I didn’t even recognize my own hormonal headaches. Even after I figured out why I was getting headaches, I didn’t do much about them. It was three years later that I ran into a neurologist friend from medical school and mentioned my headaches almost in passing. She told me my headaches were migraines and recommended taking magnesium to try to prevent them. She also recommended a different regimen of over-the-counter pain medications to take when they did hit. With the headaches under better control, I realized I’d really put up with a lot of avoidable pain and discomfort for far too long.

In my practice, I often see patients who, like me, have put off their own debilitating symptoms, but I also see patients who have had their concerns dismissed. Take my patient Jackie, for example. Jackie had been trying to get her primary care doctor to take her fatigue seriously for months before she landed in my office on a busy Thursday afternoon.

When I ushered the 51-year-old into my office and invited her to have a seat, she was poised, phone in hand, with a long list of questions typed into her Notes app. “I’ve just been trying to figure out what’s been going on with me for months, and I don’t want to waste your time,” she explained, almost apologetically. In desperation she had found me online and waited weeks for her appointment as her symptoms intensified: rapid weight gain, joint aches, and fatigue; wild temperature swings that woke her up in the middle of the night shivering in a pool of sweat, along with a general sense that something just wasn’t right.

“My doctor said I’m just getting older. But something just feels . . .” She trailed off. “Last summer, I went on a kayaking trip with my husband and kids and kept up with everyone no problem. Now, I’m exhausted walking ten blocks to work.”

As I took her vitals and began addressing the questions she had brought in, I had a hunch I knew what was going on: a surprisingly common, sometimes debilitating, combination of menopausal symptoms and hypothyroidism.

After gathering some more information, I shared my theory with Jackie and proposed a plan. To get to the bottom of her health problems, we would first test her thyroid levels, and then talk through hormone therapy. As I walked her through the next steps, Jackie listened closely, her expression shifting between relief and trepidation. After feeling dismissed for months, someone was taking her seriously, and that clearly meant something to her. But there was also the daunting reality of having to learn a whole new vocabulary around her own body. “It’s just so bizarre,” she said. “We all had mandatory classes in school about puberty. And everyone I know read What to Expect When You’re Expecting when they got pregnant. But for this . . .” She sighed. All I could do was nod.

When I started medical school, my class of 120 students was roughly evenly divided between men and women. I naively thought this represented parity between men and women in all ways; that, in medicine, we understood and cared for women’s bodies as well as we did men’s. But I very quickly learned this is not the case.

When it comes to living healthy lives, women have been at a disadvantage from the beginning. The history of medicine is littered with ignorance and misconceptions about women’s bodies. There are dozens of examples that come to mind instantly—the list writes itself, and it’s long. Here’s a sample:


	Menstruating bodies are unclean—morally and medically—and women during menstruation are dangerous to be around.

	A woman’s womb literally roams around her body, wreaking havoc on other organs and causing erratic behavior—unless it is “anchored” by pregnancy or frequent sex.

	Exercise will make women infertile.



The belief that menstruating bodies are “unclean” is codified in the Old Testament, and the wandering womb theory goes back to an ancient Egyptian papyrus—although the idea was perpetuated throughout ancient Greece by the likes of Hippocrates. These ancient concepts persisted around the world for centuries, reinforced by medical texts, literature, and cultural commentary. Misconceptions about exercise and female fertility continued well into the twentieth century. The first woman to run a marathon did so just a decade before I was born. She wore nurse’s shoes for all 26.2 miles because running shoes made in women’s sizes didn’t exist in 1967.

Compounding the issue is the long-standing gender gap in medical research on women’s health. Women were often purposely not included in clinical trials because they might become pregnant during the trial. Researchers also worried that women’s menstrual cycles would affect their responses to study conditions, making the data difficult to interpret. In fact, as recently as fifty years ago, a 1977 policy from the United States Food and Drug Administration recommended excluding women of childbearing potential from early phase clinical trials, even if they were using effective contraception, were not sexually active, or their husbands had vasectomies. It took more than a decade for the National Institutes of Health (NIH) to develop policies to encourage the inclusion of women in clinical trials.

In 1993, it seemed like women’s health was finally a priority. That year, to much fanfare, enrollment began for the Women’s Health Initiative Study (WHI). The WHI was a large, well-funded, randomized-control trial of estrogen or estrogen plus progesterone in menopausal women. The goal of the trial was to understand if hormone replacement therapy could prevent health problems, like heart disease and osteoporosis, in women as they age. The WHI did not seek to answer the question many women thought it did—does hormone replacement therapy effectively treat hot flushes and night sweats. None of the trial endpoints were actually about women’s menopause symptoms. Women didn’t even need to have menopause symptoms to participate in the trial. Just over a decade later, one arm of the trial was stopped early due to concerns about the safety of the combined estrogen and progesterone pill used in the trial. Spurred on by media reports, women threw their HRT in the garbage en masse.

Media coverage of the WHI results drove home the message to women and their doctors that hormone replacement therapy causes cancer and heart disease, and that those risks outweigh any possible benefits. A generation of women were told they just had to tough it out through menopause. And even today, many women still hear these messages from their family, friends, and health care providers.

Women today are better educated than ever before. We run businesses, sit in boardrooms, and serve as presidents of colleges, corporations, and countries. But many women still don’t fully understand their own bodies—and through no fault of their own. There are still major gaps in research and a significant lack of long-term studies on women’s health, leaving an information vacuum that’s often filled by sensationalized media coverage and the rapid spread of misinformation on social media. I spend my days talking to women about how they feel and helping them to pinpoint what is causing their symptoms. In my practice, I see firsthand how this information gap can prevent women from accessing the treatments that would help them feel their best. This comes up most often when my patients and I discuss the benefits and risks of hormone therapy.

The WHI trial set back the conversation about hormone therapy for nearly two decades. Of course, women have been silently enduring debilitating symptoms long before that—but it is only in the past few years that conversations around menopause have come back out into the open, with celebrities like Oprah, Halle Berry, and Naomi Watts sharing their personal menopause experiences publicly. And estrogen is finally back on the menu for effectively treating perimenopausal symptoms. This is fantastic progress, but so much more is still possible.

Reproductive hormones like estrogen aren’t our only hormones. And it isn’t all just about having babies—although that is part of it. Puberty and menopause aren’t the only hormonal changes we experience. In fact, I think the biological clock is an apt description. Not the one from the romantic comedies of the 1980s, where the likes of Sally Albright expound that “. . . the biological clock doesn’t really start to tick until 36 . . .” Instead, what I mean is that over the course of our lives our hormones are constantly subtly shifting like the hands on a clock, until we find ourselves having made a full revolution.

We use the term “hormonal” as an insult specific to women. But everyone, men and women, experiences shifts in their hormones every single day. Cortisol levels rise and fall to maintain our circadian rhythms. Insulin levels rise and fall to keep our blood sugar levels stable. Men’s testosterone levels are high in the morning and drop over the course of the day. These shifts occur at every time horizon—minutes, hours, days, weeks, months, and years.

In fact, while we think of estrogen as being “female” and testosterone as being “male,” women have estrogen and testosterone. We need both. Men have testosterone and estrogen. They need both. In general, people with ovaries have more estrogen and less testosterone. People with testes have more testosterone and less estrogen. As hormone experts, endocrinologists have been among the first people in medicine to recognize that gender isn’t binary. We all exist on a spectrum.

In this book, I’ll be focusing on the hormone loop as it functions in people with ovaries. While not all people with ovaries identify as women or girls—that is the gender culturally connected with their specific anatomy. Additionally, much of the research into how our bodies work is grounded in science that follows the cultural construct of two distinct genders. As a result, while I often refer to “women” and “girls” throughout this book, I want to acknowledge from the start that these terms don’t capture everyone’s experience.

Hormones affect every system in our bodies every day. Not just estrogen and progesterone, but thyroid hormone, cortisol, growth hormone, and insulin tell our heart how quickly to beat, our gut how to process the food we eat, our bones to release calcium, our muscles to grow new muscle fibers. Endocrinologists like me specialize in understanding and managing these complex hormonal systems. But there are fewer than 9,000 practicing endocrinologists in the United States and there are 168 million women. Which means, on average, the ratio of endocrinologists to women is 1 to 19,000. Clearly, most women will never see an endocrinologist. Because experts aren’t accessible to most, it’s critical for women to arm themselves with high-quality, evidence-based information about their hormonal health.

Today, women are bombarded with health information. After centuries of mostly ignoring women, suddenly chatter about women’s hormones is everywhere. But, in this explosion of interest, so much of the information out there lacks nuance or is blatantly false. And without a basic understanding of the language and function of the endocrine system—all the way from puberty through menopause—it’s nearly impossible to effectively sift through the noise and identify the useful information.

This book is not a prescription. My goal in sharing this information isn’t to replace your doctor. Instead, I aim to give you the knowledge and vocabulary you need to engage with your doctor in a more meaningful way. And to help you distinguish fact from fiction when you find yourself reading about hormones in the news or watching the latest social media post about perimenopause.

I wrote this book to serve as your guide to help you understand the basics of your hormonal system no matter what stage of life you are in. Of course, I would love it if you read it cover to cover. I believe knowing about our hormonal past and future informs our understanding of the stage we are in right now. There are also lots of examples of women’s experiences you might relate to. But you can also skip around, reading the sections that pertain specifically to you or the women or girls you care about right now.

But before we dive into the four transitions that women experience across their lifetime, it helps to understand how our endocrine system is set up. That’s where our guide begins.






1 Unlocking the Hormone Loop


The Basics

There’s so much action in a thriving metropolis. Wide highways carry cars, trucks, and busses full of people and things. Networks of small roads connect highways to buildings and neighborhoods. People throng down crowded sidewalks on foot and on bikes. Underground and overhead trains operate on separate but parallel networks. It all works in concert to keep the city humming along smoothly. Like this bustling city, our bodies are a series of complex networks. Our nervous system is the rail system, and our heart and blood vessels are the highways and local roads. Another critical network in this city is the endocrine system. The endocrine network is made up of a series of glands scattered throughout our body, from our brain to our pelvis. Each gland makes just the right amount of hormone at the just right time because it is part of a feedback loop called the hormone loop. Picture two people playing Ping-Pong. They’re both pretty good at it, so the ball is flying back and forth smoothly. Each player has to react quickly, maybe sometimes repositioning themselves to hit back the shot. Of course, if they miss the ball or hit it off in a wonky direction, the game falls apart. That’s how the hormone loop works: the glands are the players, and the ball is a hormone, moving and responding to keep the body in balance.

At its most basic, a hormone is a message from one part of the body to another. The message travels in the bloodstream and contains instructions for making or building something, like a recipe for chocolate chip cookies or the instructions for building your IKEA coffee table. When we measure hormone levels with a blood test, we are measuring how many copies of a particular recipe are in circulation at that moment. Some recipes circulate for just a few minutes. Other circulate for a week or more.

As endocrinologists—aka gland and hormone experts—we’re taught that you can’t just look at one gland and one hormone to understand what’s going on in someone’s body. The hormone loop can trick you that way. Instead, you have to look at all the whole Ping-Pong game—the players and the ball.

In fact, the hormone loop is actually four distinct but interconnected feedback loops: the reproductive loop, the thyroid loop, the growth hormone loop, and the adrenal loop. Each one has a vital function for our bodies. Together, they set the rhythms of our lives from day to day, month to month, and year to year. Understanding the hormone loop and its changes will give you a greater understanding of your body, and give you advance knowledge of what is coming next. But before we get into the four feedback loops that make up the hormone loop, let’s start with a quick anatomy lesson.



The Anatomy of the Hormone Loop


Glands are the key players in the hormone loop. A gland is an organ that makes a hormone. Some glands are probably familiar to you, like the ovaries. Others might be new to you—you may not know you have parathyroid glands (or have any idea what they do). And yet, they are there helping to keep your body running smoothly.

Beginning at the top, in the brain, is the hypothalamus. The hypothalamus is actually both a gland and a part of the brain. It sits on the underside of the brain at the crossroads where all the different areas of the brain come together. And its location is key to its function. It collects information from all different parts of the nervous system and uses that information to keep the body balanced. The hypothalamus helps control body temperature, heart rate, hunger and thirst, mood, sex drive, and more. It does that by synthesizing the information it gets from our body and our environment and using that information to tell the other glands what to do.

Often those instructions are directed to the pituitary gland. The pituitary gland sits just below the hypothalamus. It’s the size of a jelly bean and it hangs below the brain in small bony box just behind the bridge of the nose. It’s surrounded by critical structures, including the nerves of vision just above it, and the arteries that carry blood to the brain on either side. Sometimes called the “master gland,” the pituitary uses the information it gets from the hypothalamus to tell many of the other glands in the body what to do.

[image: An anatomical illustration shows the pituitary gland located centrally within the Sella turcica of the sphenoid bone. Superior to it lies the optic chiasm. On either side of the pituitary gland are the cavernous sinuses, and within each cavernous sinus runs the internal carotid artery, positioned laterally to the pituitary region. Inferior to the pituitary gland is the sphenoid sinus, which is situated within the sphenoid bone. The sphenoid bone forms the base structure that surrounds and supports this region, including the Sella turcica.]

Pituitary gland and surrounding structures



The thyroid gland is a spongy, butterfly-shaped structure draped over our windpipe, just above our collarbones. Nearby are the parathyroid glands. “Para” means nearby or alongside. So, the name “parathyroid” just describes the location of these four pea-sized glands, not what they do. Like the parathyroid glands, the adrenal glands are also named for their location. The two adrenal glands sit like three-cornered hats, one on top of each kidney. The pancreas occupies the upper part of the belly and looks a little like a fish, with a broad head and a thinner tail. It’s one of the larger glands and stretches six to ten inches across the belly. The ovaries are suspended in the pelvis near the open ends of the fallopian tubes that are connected to the uterus. The ovaries are oval-shaped, and they are about 2 inches long and 1 inch wide.

There are a few other organs that aren’t considered glands because making hormones isn’t their main job, but they do make some hormones. The liver, the kidneys, the gut, the placenta, and even fat make hormones that contribute to the overall functioning of the hormone loop. When things are working well, the glands and other hormone-producing organs communicate and respond to one another in ongoing conversation.

Now that you’ve got the anatomy down, let’s talk about the function of the four distinct loops that make up the hormone loop. There’s a lot of crosstalk between them, but it’s helpful to think of them separately to understand their basic function. We’ll take them one by one.


[image: An illustration shows four hormonal feedback loops in the human body: the reproductive loop, thyroid loop, growth hormone loop, and adrenal loop, with the hypothalamus and pituitary gland acting as central regulators. In the reproductive loop (top left), the hypothalamus and pituitary gland regulate the ovaries, which are located in the pelvic region. In the thyroid loop (top center), the hypothalamus and pituitary gland regulate the thyroid gland, which is located in the neck. In the growth hormone loop (top right), the hypothalamus and pituitary gland regulate bone growth and development through signals affecting the skeletal system. In the adrenal loop (bottom left), the hypothalamus and pituitary gland regulate the adrenal glands, which are located above the kidneys. A separate inset (bottom right) shows the hypothalamus and pituitary gland within the brain. The diagram includes labeled structures and arrows indicating connections between the hypothalamus, pituitary gland, and target organs.]



The Reproductive Loop


The first of the four loops might be the one that comes to mind when you hear the word “hormone”: the reproductive loop. All animals, including humans, are biologically programmed to procreate (of course humans can choose not to). The job of the reproductive loop is to allow us to make more humans.

All four hormone loops start with a predictable pattern. You’ll catch on quickly. In the reproductive loop, first, the hypothalamus takes in information from the rest of the body and the environment to decide if the conditions are right for pregnancy. If the answer is yes, the hypothalamus will make a hormone called gonadotropin-releasing hormone or GnRH. GnRH doesn’t last long or travel very far. Its target is the pituitary gland. In the pituitary gland, GnRH tells special cells, called gonadotrophs, to make follicle-stimulating hormone (FSH). FSH travels in the blood. Its main target in women’s bodies is the ovaries. FSH signals to the ovaries to mature an egg and to make estrogen. Estrogen tells the uterus to grow a uterine lining to prepare to support a pregnancy, but it also feeds back to the hypothalamus and the pituitary gland. When estrogen in the pituitary gland reaches a certain level, it triggers the pituitary gland to release a large amount of luteinizing hormone (LH) all at once. LH travels back to the ovary, where it tells the now mature egg to ovulate.

When the egg ovulates, the nest of cells left behind is called the corpus luteum. The corpus luteum makes the hormone progesterone. Progesterone stabilizes the uterine lining so that a fertilized egg can implant. Progesterone also feeds back to the hypothalamus and pituitary gland to shut off GnRH, LH, and FHS. If a fertilized egg doesn’t implant in the uterus around fourteen days after ovulation, the corpus luteum will break down, progesterone levels will fall, and the uterine lining will slough off. That’s a menstrual period. With progesterone levels low, the hypothalamus will start making GnRH and the whole cycle, the menstrual cycle, starts over again.

But the ovaries aren’t the only glands FSH and LH target. They also act in the adrenal glands where they tell the adrenal glands to make testosterone. My patients are often surprised to learn that women have testosterone. Even though we often talk about some hormones as being “male” and some as being “female,” everyone has both estrogen and testosterone, just in different amounts. The role of testosterone in women’s bodies is still poorly understood, but we think it plays a role in sexual desire and arousal.

The other three loops are a bit simpler than the reproductive loop, but they start in the same place, the hypothalamus.




The Thyroid Loop


It’s not unusual to hear people talk about thyroid issues. When people feel tired or run-down, or gain weight unexpectedly, the thyroid is often suspected. But most people only have a vague sense of what the thyroid actually does. I like to think of the thyroid like a gas pedal. When there is a surplus of thyroid hormone, it’s like pressing on the gas—it speeds everything up. Less thyroid hormone is like letting off the gas—it slows everything down. Thyroid hormone raises our core body temperature, increases the rate at which our heart beats, increases how quickly our metabolism breaks down food and even other hormones, and increases the speed with which food moves through our gut. In short, it’s pretty important.

Just like the reproductive loop, the thyroid loop starts in the hypothalamus. When it senses that the body needs more thyroid hormone, the hypothalamus makes thyrotropin-releasing hormone (TRH). TRH travels to the pituitary gland and tells special cells called thyrotropin cells to make thyroid-stimulating hormone (TSH). TSH travels through the blood to its main target: the thyroid gland in the neck. There, TSH tells the thyroid to make more thyroid hormone. Thyroid hormone has targets throughout the entire body including the brain, the heart and blood vessels, and the gut. Thyroid hormone also feeds back to the hypothalamus and pituitary gland to tell them to turn down TRH and TSH.

Like LH and FSH, TSH may have other targets in the body. It’s still controversial, but we have some evidence that TSH acts directly on the bones. Higher TSH may improve bone mass. But we still need more research to prove this relationship and understand exactly how TSH is leading to bone changes.





The Growth Hormone Loop


This loop is most active in childhood, when our bodies are growing and changing rapidly. Kids who seem to sprout up overnight are experiencing the effects of the growth hormone loop at its peak. But even in adulthood, the growth hormone loop functions quietly in the background. Back up in the brain, the hypothalamus makes growth hormone–releasing hormone (GHRH). GHRH travels to the pituitary gland, where it acts on cells called somatotrophs, telling them to make growth hormone.

Unlike other pituitary hormones, growth hormone doesn’t have a specific gland that it targets. Instead, growth hormone acts on a bunch of different parts of the body. In children, it acts directly on the growth plates in the bones, making them grow longer. It also acts on the liver to tell it to make the hormone insulin-like growth factor 1 (IFG-1). IGF-1 can also act on the growth plates to stimulate growth. Growth hormone helps build muscle and even acts on fat to release the building blocks for new cells that are stored there. It also interacts with insulin from the pancreas to help keep blood sugar levels stable. As adults, of course we’re done growing. But the growth hormone loop continues to be important throughout our lives for maintaining muscle mass and body composition, as well as stabilizing blood sugar levels.


In the Loop

It’s extremely tricky to check growth hormone levels. That’s because the pituitary releases growth hormone into the blood in pulses, and mostly at night. So, to get a sense of growth hormone levels without drawing blood at bedtime, we check IGF-1 instead. Giving growth hormone to kids who don’t have enough can help them reach a typical height. But the benefits of replacing growth hormone in adults haven’t been proven, even when levels of growth hormone are low. As a result, we don’t check growth hormone or IGF-1 very often after puberty.






The Adrenal Loop


If you’ve ever pulled an all-nighter to study for an important exam or meet a critical work deadline, you’ve felt the adrenal loop at work. The stress of those situations triggers the release of hormones that keep you alert and focused long after your typical bedtime. But that isn’t all the adrenal loop does. It’s arguably the most important loop in the body.

Like all the other loops, this hormone loop starts off in the hypothalamus. At certain times of day and in response to stress, the hypothalamus makes corticotropin-releasing hormone (CRH). CRH tells the pituitary gland to make adrenocorticotropic hormone (ACTH). ACTH then tells the adrenal glands to make and release cortisol.

Under typical circumstances, everyone’s adrenal loop activity varies over the course of a day, and cortisol levels are similar in men and women. We all feel the effects of the adrenal loop most strongly in the morning when it wakes us up. Cortisol levels peak in the blood around 8 or 9 o’clock. They gradually fall in the late morning and early afternoon. Cortisol levels are low between 1 and 3 in the afternoon. We feel this as a post-lunch slump in energy. Feeling drowsy in that early afternoon staff meeting isn’t a sign that something is wrong. You’re feeling the effects of the normal fluctuations in your adrenal loop. In the late afternoon, the adrenal loop perks up again, cortisol levels rise, and we get a second wind. Then, over the evening, cortisol levels gradually fall again. They are at their lowest just before bedtime.


In the Loop

Cultures across the globe have developed rituals to manage our naturally low afternoon energy levels. Siesta, the midday nap observed in Spain and Central America, allows people to follow their natural energy levels. On the other hand, English afternoon tea, Swedish fika, and French gouter all employ sugar and caffeine to counteract the midafternoon lull in energy.


In addition to helping to maintain our normal sleep-wake cycles, the adrenal loop helps our body respond to stress. That stress might be physical, like a head cold, or emotional, like an unsupportive boss or the death of a loved one. Either way, the adrenal loop kicks into gear. Cortisol raises our blood sugar by telling our liver to release stored glucose so our brain and muscles can function in top form. It increases our appetite and cravings for sugar to further support our brain and muscles. It increases alertness and recruits infection-fighting cells. If the stress is prolonged or happens to occur before ovulation, the adrenal loop can temporarily turn off the reproductive loop, essentially deciding for us that now is not the right time to support a pregnancy. This is why getting sick or even getting a Covid vaccine can make your period irregular for a cycle or two.

Our ability to respond to the stress around us is so important that the adrenal loop has evolved to work in nearly every circumstance. If a growth forms in the pituitary gland and prevents it from functioning normally, that growth will affect the functioning of the reproductive, growth hormone, and thyroid loops before affecting the adrenal loop. And, unlike the other hormone loops, problems with the adrenal loop are rare. But when they do occur, they can be life-threatening.




Outside the Loop


There are dozens of hormones in the body. But they aren’t all playing leading roles in the hormone loop. So, we won’t be talking about every single one. But many of them play supporting parts, interacting with the four main loops in important ways. While they’re supporting characters, they are still critical for understanding our endocrine system.


	Human chorionic gonadotropin (hCG) and pregnancy hormones are made by an implanted embryo and the placenta during pregnancy to support the growing, developing embryo and fetus. These hormones shut down the reproductive loop throughout pregnancy.

	Prolactin is made in the pituitary gland by cells called lactotrophs and does exactly what it says it does, promotes lactation. It really only comes into play during pregnancy and breastfeeding. The rest of the time it’s low. In the early postpartum period, it shuts down the reproductive loop to reduce the chances that a woman becomes pregnant while she is the sole nutrition source for a small baby (our ancient ancestors didn’t have access to high-quality breast milk substitutes, or a steady guaranteed food supply like we do).

	Insulin and glucagon are hormones made in the pancreas. Insulin helps cells take up sugar from the blood to use it for energy or to store it. Glucagon tells the cells to release stored sugar to keep blood sugar levels normal when we aren’t eating. All four hormone loops can change how the body responds to insulin and glucagon under different circumstances.

	Parathyroid hormone is made by the parathyroid glands in the neck. It helps regulate calcium, phosphorus, and vitamin D levels in the blood. Together, with the reproductive loop and the thyroid loop, parathyroid hormone helps maintain strong healthy bones.



Over the course of our lives, from puberty to menopause, shifts in the reproductive loop have significant effects on all the other loops and the hormones that are outside the loop. Each of the four main transitions in reproductive loop function—puberty, the reproductive years and pregnancy, perimenopause, and menopause—can trigger disruptions in hormone function, like an overzealous smack of the paddle that sends the Ping-Pong ball flying far away from the table. Some of those disruptions can happen during any transition. Women are particularly susceptible to new thyroid problems during puberty, pregnancy, and perimenopause. Other hormone problems are unique to a particular transition, like the metabolic syndrome, that often develops in perimenopause.

Understanding when and how the shifts in the reproductive loop occur and how those changes are impacting our bodies gives us insight into what we are feeling physically and emotionally. We can make the connection between our sore boobs or searing headaches and the transition from the reproductive years to perimenopause. It can also help you to know when something is wrong so you can address the problem with your doctor. In the following chapters, we’ll move beyond the basics into a more detailed understanding of each of the four reproductive loop transitions, how women often experience those transitions, and the other hormone loop problems that can arise with each transition. We’ll wrap up with a framework that will help you use everything you’ve learned about your hormonal health and the data you collect about your own body to have more effective conversations with your doctor.







Part 1 The First Transition Puberty








2 The Roller Coaster


The Hormone Loop in Puberty

If you’re reading this book, you have probably already experienced this first transition: puberty. Perhaps you first learned about puberty in fourth or fifth grade, during an awkward gym class presentation titled something like “Your Changing Body.” Or maybe your parents sat you down for a classic “birds and bees” conversation. When you think back on puberty, you may cringe at what comes to mind, all pimples and awkward limbs, perhaps topped off by a shiny set of braces. Or your memories might be less about the physical aspects of puberty, and more about the tumult of the adolescent mind; the anguish of dealing with “mean girls” or an unrequited first love, and feelings that seem to tumble out at the most inopportune times. Regardless of the details of our individual experiences, most women, having survived puberty, would prefer to leave it in the past.

Puberty can be scary for some kids. They’ve absorbed the message that it is something to dread. They may worry about what is going to happen to their bodies or about the social upheaval that comes with puberty. And you, like me, may be living with people who are experiencing or will experience puberty. Or you may be the adult an adolescent relies on for information and support. Either way it can be helpful to understand where we all started. So, let’s take a look back to the beginning of our reproductive lives.

Before puberty kicks into gear, hormone levels in boys and girls are roughly the same. The reproductive loop is quiet, while the growth hormone loop is running the show, causing children to grow at roughly the same rate whether they are boys or girls. The thyroid and cortisol loops are also humming along nicely. Kids run and yell and giggle on playgrounds, cheer jubilantly after scoring a goal at a soccer game, and protest practicing math facts. Sure, they might get upset if they can’t get ice cream when the truck rolls up to the park, but their mood is typically sunny and even. Then, seemingly out of nowhere, and often earlier than adults are prepared for, puberty begins.

What we conversationally refer to as puberty is really two separate but parallel processes: adrenarche and gonadarche. Typically, adrenarche begins first and gonadarche follows, but in some children, the two processes coincide, or sometimes gonadarche comes first and then adrenarche. The sequence is not important because the processes largely occur independently. Just in case the crash health course in fourth grade gym class didn’t cover it, I’ve gone ahead and broken down what exactly these independent processes are and how they work, plus all the ensuing events you can expect to occur during puberty. It may seem a little in the weeds, but while puberty is awkward for most, it can also be overwhelming, and confusing when your body starts to change, and you aren’t quite sure what to expect. My hope is that a clear understanding of what’s driving these changes will help.

Of course, both boys and girls go through puberty. There are many things about it that are the same for both. All children have a prepubertal growth spurt. All children develop body odor and grow pubic and underarm hair. When it comes to puberty, one key difference between boys and girls is timing. Girls start puberty on average two years earlier than boys. While boys and girls should understand how each other’s bodies work, here we are going to focus on puberty in children with ovaries and a uterus.



Adrenarche


Adrenarche is the maturation of the adrenal loop. The adrenal loop is made up of the hypothalamus in the brain, the jelly bean–shaped pituitary gland right behind the bridge of the nose, and two adrenal glands sitting like three-cornered hats on top of the kidneys. Prior to puberty, children have the stress hormone cortisol and adrenocorticotropic hormone (ACTH)—the hormone made in the pituitary gland that drives cortisol production in the adrenal glands. But during adrenarche, ACTH levels from the pituitary gland shift. This shift tells the adrenal glands to start making not just cortisol, but also testosterone and other testosterone-like hormones collectively called androgens.

For me adrenarche always brings to mind Teen Spirit deodorant and Clearasil. That’s because once androgens kick into high gear, our bodies transform in noticeable ways. One of their first targets are the sweat glands, particularly in the armpits. Androgens are responsible for boosting sweat production, which in turn allows bacteria that live on the skin to grow and produce byproducts that cause body odor. That’s why puberty marks the time when adolescents need to start wearing deodorant. Androgens also act on the oil-producing cells in the skin to increase oil production. This leads to greasy hair and sets the stage for acne to flourish.

Around the same time, these hormones act on the hair follicles in the armpits and labia. This triggers the growth of coarse dark hair, called terminal hairs (you probably call this pubic hair and underarm hair). Girls may also notice coarser, darker leg hair, and some girls will also develop fine dark hair on their top lip. This is when many girls will ask about shaving, waxing, or other ways to remove all this new, “excess” hair. Typically, pubic hair develops first and then armpit hair follows. But this order can be reversed, and the order is not critical to normal development.


[image: An illustration shows the five stages of female puberty development according to the Tanner scale, focusing on breast development and pubic hair growth. The stages are shown in sequence using frontal and side views of the torso and pelvic region, with labeled anatomical changes. Stage 1 shows the prepubertal phase, with only nipple elevation and no pubic hair present.  Stage 2 shows early puberty, with breast buds and slight enlargement of the areola, and sparse, lightly pigmented pubic hair along the labia majora. Stage 3 shows further breast enlargement with continued areolar enlargement, without separation of breast contours, and pubic hair becoming darker, coarser, and more curled, extending sparsely over the mons pubis. Stage 4 shows the areola and nipple forming a secondary mound above the level of the breast, with increased pubic hair that remains limited to the mons pubis. Stage 5 shows mature development, with adult breast contour and alignment of the areola with the surrounding breast, and adult-type pubic hair distribution extending to the medial thighs. The diagram includes labels for each stage and arrows or markers indicating progression between stages.]

Stages of puberty in girls based on the Sexual Maturity Rating system





In the Loop

When I was growing up in the ’80s, I became the proud owner of a Gillette Sensor for Women with its iconic wide, flat turquois handle. Times have changed! Today, removing leg and underarm hair is not compulsory among teen girls. Some girls remove body hair, and some don’t. Either option is fine! But if your teen is removing body hair, just make sure the hair removal techniques and tools they are using are safe, and that they are using them correctly.


Some data suggest that androgens also act on the brain. We don’t fully understand what androgens do in women’s and girls’ brains at any point in our lives, but we think these hormones help women to want to have sex and to become aroused during sex. During puberty, girls’ bodies aren’t physically ready for sex, but androgens in their brain may trigger early sexual attraction, in the form of crushes. Crushes are early rehearsals for adult romantic relationships.

The biochemical changes that define adrenarche can begin working behind the scenes as early as age 6 in both boys and girls, but it’s typical to start seeing physical changes like body odor and greasier hair around age 8.




Gonadarche


Gonadarche is a funny word for what most of us think of when we think of puberty: the process of becoming sexually mature. While adrenarche is the maturation of the adrenal loop, gonadarche is the maturation of the reproductive loop. Similar to the adrenal loop, the reproductive loop is made up of the hypothalamus in the brain and the pituitary gland, but the third gland in the reproductive loop of women and girls is the ovaries.

Gonadarche begins in the hypothalamus, which starts to make and release gonadotropin-releasing hormone (GnRH)—a hormone that travels to the pituitary gland. Once it arrives, GnRH tells the pituitary gland to begin making and releasing follicle-stimulating hormone (FSH) and luteinizing hormone (LH), two hormones that coordinate the activities in the ovaries: maturing and releasing eggs and preparing the uterus for pregnancy.

It’s hard to wrap your mind around, but people with ovaries are born with all the eggs they will ever have, about 600,000. It’s a medical fact that amazes me to this day. When FSH and LH arrive at the ovaries, they stimulate those eggs to begin the early stages of maturation. This process starts before girls show physical signs of puberty, typically between the ages of 8 and 12. FSH and LH also stimulate the ovaries to begin making estrogen. Estrogen has several effects on a girl’s body, including breast development, growth, and changes to the skeleton such as widening of the pelvis and increasing fat deposits in the hips and thighs. Eventually these changes will lead to the start of menstrual periods.




Breast Development


Before puberty, the nipple, areola, and the immature ducts beneath them are identical in boys and girls. As part of gonadarche, once puberty begins, estrogen stimulates those immature ducts to branch and become more complex. Try thinking of breast tissue like a bunch of trees with branches. Each tree represents a breast lobule. During puberty, the lobule grows from a skinny sapling with just a branch or two, into a big tree with lots of branches and leaves. The branches are the ducts of the breast lobule and the leaves are the glands that will later make breast milk. This process of breast lobules growing and becoming more complex is visible as small firm lumps of tissue beneath the nipples, known as breast buds.

Breast buds are often the first noticeable sign of puberty in girls. On average, a girl’s first menstrual period happens about 2½ years after she develops breast buds. As puberty progresses, breast tissue will continue to develop, forming evermore complex ducts and immature milk-producing glands. By the end of puberty, breast development is nearly complete. But the final stage—developing breast milk lobules—only occurs once a woman becomes pregnant.

[image: A diagram illustrates the stages of puberty and sexual maturity using a tree metaphor, with branches and flowers representing development. The top row shows three stages labeled puberty. The first tree has a simple curved trunk with no branches or flowers. The second tree has branches with bud-like shapes. The third tree has branches with small blossoms. Below these, a fourth tree labeled sexual maturity is fully developed, with multiple branches covered in fully bloomed flowers. The diagram uses monochromatic shading to distinguish the stages and shows a clear progression from an undeveloped tree to a fully mature one.]

Breast tissue development



The last thing many 10-year-old girls want is a visible sign announcing to the world they have entered puberty. But that is just what they get. Developing breasts can also be extremely tender. A sibling’s accidental blow during play can result in significant pain. They can also be a real source of distress for girls who may have no interest in the changes their body is experiencing. Other girls may have ideas about what breasts should look like or how big they should be. And they may be embarrassed to talk about their preconceived ideas with the adults in their life.

My patient Callie had been harboring worries about her breasts for a while before we met. She first came to me with her mother when she was 13 years old for help managing her underactive thyroid. But as I was chatting with her, I could sense she was clearly holding back about something else. I asked her mother to step out of the room so I could examine Callie and see if she would open up (starting during the tween years, when children begin to desire more privacy, I always ask parents to leave the room for some portion of the visit).

“Is there something else you wanted to share with me?” I asked. She hesitated and then admitted, “I think there is something wrong with my boobs. One is much bigger than the other!”

I asked Callie if I could examine her breasts, and indeed there was a visible difference in their size, but they were otherwise normally developing. I reassured her that breasts develop at all different speeds. Even two breasts on the same body can develop on different timelines. Breast asymmetry peaks in mid-puberty. Though we don’t know exactly how many women have breast asymmetry, we believe most women have one breast that is larger, and most asymmetry is mild by the end of puberty. Your breast asymmetry may be noticeable to you, but it is unlikely that it is noticeable to others, even intimate partners.




Growth


At this very moment there is a pack of ravenous teens tearing through my kitchen.
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