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Foreword

I was (and am) unsure about how I am related to my old self, or to myself from year to year. The hormonal profile of an individual determines much of the manifest personality. If you skew the endocrine system, you lose the pathways to self. When endocrine patterns change, it alters the way you think and feel. One shift in the pattern tends to trip another.

Hilary Mantel, Giving Up the Ghost1

This quote from Hilary Mantel about her endocrine disorder endometriosis highlights the extent to which hormonal changes affect people’s self-image. It also captures what I love about being a doctor. In the consulting room, you get a glimpse into a patient’s life and the way illness affects their character.

I became a doctor because a lot of my relatives worked in the healthcare sector. Although I was more attracted by a career as a diplomat or historian while I was at secondary school, fate (and the Dutch university system) decided otherwise, and I went off to study medicine in Utrecht, like my relatives before me.

Besides a fantastic student life, where I made friends for life and found the love of my life, this course turned out to be a brilliant move. Contrary to my expectations, medicine encompassed so much more than writing prescriptions or performing operations. I learned how to conduct laboratory tests and was inspired when I saw how they helped doctors understand underlying diseases and their associated symptoms – symptoms we then hear about from patients in our consulting rooms.

It was the interactions with patients and the intimacy of the consulting room that led me to study internal medicine at the end of my course. Science played a role too, because there was still so much to be discovered in the field of hormones and gut bacteria. Spurred on by the fact that virtually my entire family suffers from some sort of endocrine disorder – from diabetes to thyroid disorders and even adrenal gland tumours – I decided to specialise in endocrinology, the study of hormones.

After working in this field for almost twenty years – motivated by questions my patients had asked me over the years and to which I didn’t always have an answer – I came up with the idea of writing this book. Not only to make the fascinating endocrine system a bit more accessible to anyone who might be interested, but also to put the power of hormones into perspective.

The title of the original edition, Wij zijn onze hormonen (literal translation: ‘We are our hormones’), refers to the fact that hormones are the conductor of our body’s orchestra. It’s also a nod to the fantastic book, We Are Our Brains, written by my colleague Dick Swaab. While our brain is central to all the decisions and choices we make, hormones, in turn, influence how the brain functions. A hormonal imbalance can play havoc with both our personality and our day-to-day functioning. I recall, for example, a female patient who became sexually disinhibited as a result of an overactive thyroid and ended up in bed with every male patient. It was only when her thyroid was surgically removed that she gradually returned to her old self.

This book was written in the early mornings and late evenings, because my days were filled with caring for patients, carrying out research and management, as well as meeting the demands of my personal life: a family with young children and a wife who works full-time as a midwife. Despite that, writing proved to be a fantastic source of energy – energy that was badly needed during the COVID-19 pandemic, when I treated people, but also watched them die, on hospital wards.

The Power of Hormones is a mix of history and medicine in the broadest sense of the word. I didn’t want to write a medical handbook; rather, I tried to confront pseudoscientific claims about the use of hormones as the answer to common complaints. I certainly don’t want to suggest that we are slaves to our hormones (or our brains). There is always an interaction between environment, body and mind. Hormones might cloud your ability to make decisions, but they cannot absolve you of responsibility for your own actions.

By writing this book, I have gained an even greater respect for our incredible endocrine system. As doctors, we shouldn’t mess with it too much, but we shouldn’t become complacent either. We must continue to strive for a deeper understanding of these fascinating bodily substances and keep searching for better treatments. Because, as the famous therapist Salvador Minuchin put it so eloquently: ‘Certainty is the enemy of change.’

Amsterdam, August 2022


Introduction

In 2001, I worked in a rural hospital in Pretoria, South Africa. Pregnant women from the townships – out-of-town suburbs left over from the time of apartheid – would come to the rudimentary maternity hospital in the early stages of labour. Lying on flattened cardboard boxes on the grass outside the building, they would ride out their contractions until the time came to swap the boxes for hard beds hidden behind flimsy curtains inside and delivery could begin. On average, there were about twenty women under my care. Several children would be born each night and I would spend my time dashing between the rooms. One of the children, a girl called Muna, was brought to see me in the outpatient clinic a short while later with stunted growth. She barely responded to attempts to communicate with her and had a puffy face and delayed reflexes. The thyroid hormone in her blood was extremely low, so I decided to give her thyroid hormone tablets immediately to address the deficit.

When I visited the same maternity hospital years later while back in South Africa for a conference, a nurse told me that Muna was severely disabled and cared for at home by her grandmother. Muna’s first few months of life without any treatment had taken their toll. She would never be able to live independently and had an increased risk of premature death due to pneumonia or bedsores.



Muna’s story shows how important hormones are for our development. We simply cannot do without these substances our bodies make that direct organs and tissues, via the bloodstream, to regulate all sorts of bodily functions. At first, an unborn child is dependent on its mother’s hormones. Only after three months in the womb does a foetus develop the cells and organs needed to effectively produce hormones itself. The thyroid is formed in the first trimester of the pregnancy, which illustrates just how crucial this organ is for our existence; indeed, the thyroid hormone is involved in many of our bodily processes.

Due to a dysfunction in the first phase of pregnancy, Muna’s thyroid gland failed to develop and she ended up with a congenital deficit of thyroid hormones known as congenital hypothyroidism (CH). In the Netherlands, approximately eighty children are born with this disorder each year. It is not easy to diagnose this condition in newborn babies, and there can be major consequences if it is diagnosed too late, as was the case with Muna. This insight led Hans Galjaard, who was an emeritus professor of human genetics at Erasmus University Rotterdam, to put routine screening for congenital conditions in the Netherlands on the political agenda. Thanks to his efforts, Dutch hospitals and maternity units have been taking blood samples from all newborn babies since 1974 by means of a heel-prick test. Partly motivated by the fact that his brother died of a congenital condition at a young age,1 Galjaard kickstarted these tests, which now screen for thirty-two congenital diseases, after exhaustive political lobbying. As Galjaard put it: ‘Better to prevent than not be able to cure.’

As a result, thousands of children have been spared Muna’s fate. I see them in my clinic as lively thirty-somethings, whose lives have been changed for ever thanks to that one thyroid tablet per day (and Galjaard’s forward-looking view).

A brief history of hormones

The term ‘hormones’ was coined by the British physiologist Ernest Starling and his brother-in-law William Bayliss in 1902. They studied how our digestive system works and how food can be broken down and absorbed by certain substances in the intestine.2,3

Two years later, their Russian colleague, Ivan Pavlov, won the Nobel Prize for Physiology or Medicine for his research into the digestive system.4 Pavlov, chiefly known for his research into conditioning and after whom the acclaimed Pavlovian response is named, used experiments to demonstrate the role of the nervous system in our digestion. But Bayliss and Starling found that digestion also took place in laboratory animals with damaged nervous systems due to the release of special substances into the blood from neighbouring glands. One of these substances was what they called secretin (from the verb ‘to secrete’) – the first of a now extensive group of substances that control our lives in invisible yet far-reaching ways.

It was also Bayliss and Starling who proposed the term hormone – Ancient Greek for ‘impetus’ or ‘to set in motion’ – as a collective name for these substances. Hormones are signalling molecules created by endocrine (hormone-producing) glands. These molecules travel via the blood and other bodily fluids to their destination – specific cells or organs – where they carry out their work. Most hormones have a central regulatory function; they can either set processes in motion or inhibit them. They also interact with each other.

Our endocrine system’s headquarters are found in the centre of the brain, right behind our eye sockets. That’s where the hypothalamus and the pituitary gland are located, the size of a strawberry and a pea respectively. Both groups of specialised nerve cells form part of our emotional brain, the limbic system (which you will read more about in Chapter 5). They control both our nervous and our endocrine systems like army generals, keeping a close eye on all the troops.

The effects of these important signalling substances had, however, already been observed fifty years before Starling and Bayliss. In an experiment carried out in 1849, the German scientist Arnold Berthold compared castrated male chickens (capons) with their non-castrated brothers, and found that the first group experienced physical and behavioural changes.5 For example, the capons were unable to crow. What was striking was that when the testes were restored (by re-implantation or transplantation), and thus the production of the hormone testosterone, the chickens were able to crow again. Similar experiments continue to capture the imagination of writers and scientists to this day, not least because they allude to the existence of an elixir for ‘eternal’ youth.

The opera A Dog’s Heart by the composer Alexander Raskatov is a wonderful example of this. Inspired by a novella by Mikhail Bulgakov from 1925,6 the opera tells the story of the street dog Sharik, who is implanted with the pituitary gland and testicles of a notorious criminal. The animal then turns into Sharikov, a vulgar, destructive human whose behaviour and choices fall prey to his hormone-driven urges. Only a second operation is able to offer salvation to this testosterone-riddled dog…

References to hormones can be found in older literature too, if we read between the lines – for instance, in the Old Testament. Although techniques to demonstrate the presence of hormones in blood did not exist in those days, their ‘momentum’ is described: ‘the life of flesh is in the blood’ (Leviticus 17:11). Certain characters in the Bible probably had congenital hormonal conditions, such as the giant Goliath, who likely had excessive growth hormone. The Egyptian god Bes’s dwarfism and Cleopatra’s irritability and great energy could also very well have been caused by abnormal thyroid glands.

Let’s return to the fascination with the male hormone for eternal youth. In 1889, the 72-year-old Mauritian-French neurologist Charles Brown-Séquard injected himself with testicular extracts from animals to see what would happen.7

I have made use, in subcutaneous injections, of a liquid containing a small quantity of water mixed with the three following parts: first, blood of the testicular veins; secondly, semen; and thirdly, juice extracted from a testicle, crushed immediately after it has been taken from a dog or a guinea-pig.

Although the professor was relatively healthy for his age, before he began experimenting on himself he regularly complained of fatigue after a hard day’s work, suffering from heartburn and painful joints and muscles. The latter was likely wear and tear as a result of osteoarthritis, which is very common among older people.

In May and June of that year, Brown-Séquard injected himself as many as ten times every day. Almost immediately, the vitality and energy seemed to return to his body; he felt stronger and could run upstairs again. His biceps seemed to increase significantly in circumference, he no longer felt fatigued and he is said to have regained his virility. Testosterone (more about this in the following chapters) is, however, a fat-soluble hormone, and given the fact that Brown-Séquard’s injections were water-based, it is perfectly possible that a placebo effect was at play here.8

This and other cases have greatly accelerated our understanding of hormones over the past century. Thanks to technological progress, hormones can be extracted from animal material and injected into humans and other animals to observe their effects. This has not only led to many new, important insights for medical science – resulting in several Nobel Prizes between 1920 and 1930 for the discovery of today’s best-known hormones oestrogen (female hormone), testosterone (male hormone) and progesterone (which plays an important role in the implantation of the embryo in the lining of the womb) – but it has also had major social, societal and economic effects. The development of the contraceptive pill in the 1950s, for example, had a tremendous impact on the emancipation and empowerment of millions of young women. Successful hormone treatments for numerous conditions have reduced the general burden of disease and simultaneously led to huge opportunities for the pharmaceutical industry.



Unfortunately, our hormone helpers haven’t always cut a good figure. Since the publication of Rachel Carson’s Silent Spring in 1962 – in which the American biologist drew attention to the disastrous impact of agricultural pesticides on the environment, the quality of our food and our own bodies – we have a better understanding of the extent to which these toxins can interfere with our hormonal balance.9 To cite one unfortunate example: injecting patients with growth hormone taken from the brain glands of human corpses resulted in many of them contracting the infectious and fatal Creutzfeldt-Jakob disease (the human equivalent of mad cow disease).10 The medication DES, a synthetic oestrogen widely prescribed to pregnant women in the Netherlands in the 1950s and 1960s to prevent miscarriages, also had major consequences for the health of their daughters, including an increased risk of cancer and infertility; it was found to even potentially lead to abnormalities in their grandsons.11

As with Muna, the baby who ended up with intellectual and physical disabilities as a result of defective thyroid hormone production, our health and that of our offspring is highly dependent on the right hormonal balance. In this book, I will explain the influence of the various hormones and the relationship between them throughout the different stages of life – from the cradle to the grave. I will also delve deeper into the consequences of a lack or excess of hormones and the sometimes destructive effect of these powerful endogenous substances on our mental and physical well-being. I hope, like me, you will become fascinated by the wonderful role that hormones play in our bodies and our lives.
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Our endocrine glands and their functions

Pituitary gland (hypophysis cerebri) – our body’s conductor; quantity: 1, size 1 × 1 cm; looks like: a pea. Produces growth hormone, prolactin, luteinising hormone (LH), follicle-stimulating hormone (FSH), adrenocorticotropic hormone (ACTH) and antidiuretic hormone (ADH), also known as vasopressin. Function: instructs other glands to produce hormones.

Pineal gland (epiphysis cerebri) – quantity: 1, size 0.5 × 0.5 cm; looks like: a pine cone. Produces melatonin. Function: determines circadian rhythm and sleep quality, inhibits the production of sex hormones until puberty.

Thyroid gland – quantity: 2, size 5 × 3 cm; looks like: the wings of a butterfly. Produces T4 and T3 (via TRH and TSH from the pituitary gland); controls metabolism, heart rate and body temperature.

Parathyroid gland – quantity: 4, size 0.5 × 0.5 cm; looks like: a grain of rice. Produces parathyroid hormone (PTH), important for bone quality and calcium regulation.

Stomach – quantity: 1, size 30 × 10 cm; looks like: an inverted pear. Produces ghrelin (the hunger hormone) and gastrin. Function: digestion.

Pancreas – quantity: 1, size 14 × 3 cm; looks like: a flat pear. Produces insulin and glucagon. Function: controls sugar level and fat metabolism.

Fat tissue (adipocytes) – present throughout the body, especially abdominal area, size varies; looks like: semolina pudding. Produces leptin and oestradiol (from testosterone). Function: energy supply, elasticity of the skin.

Adrenal gland – quantity: 2, size approx. 1 × 1 cm; looks like: a thimble. Produces aldosterone, cortisol, oestrogen, DHEA (dehydroepiandrosterone) and testosterone under the influence of CRH (corticotropin-releasing hormone) from the hypothalamus and ACTH from the pituitary gland. Important for: blood pressure, maintaining sugar and salt levels, immune system and libido. The adrenal medulla produces (nor)adrenaline, important for the stress response.

Ovaries in women – quantity: 2, size 5 × 3 cm; look like: almonds. Produce oestrogen, progesterone and testosterone under the influence of GnRH (gonadotropin-releasing hormone), FSH and LH via the pituitary gland. Function: menstrual cycle, breast development, reproduction, bone mass and bone quality.

Testes (testicles) in men – quantity: 2, size 4 x 5 cm; look like: eggs. Produce testosterone. Important for: sperm, reproduction, sexual desire, muscle mass, beard growth, bone mass and bone quality.

Duodenum – quantity: 1, size 20 x 25 cm; looks like: a bicycle tyre. Produces cholecystokinin (CCK), serotonin, glucagon-like peptide (GLP-1). Function: digestion.


1 

First the Egg, Then the Chicken

Pregnancy and Birth

Today I am seeing Anna, an elegant 35-year-old woman, in my outpatient clinic. Anna and her boyfriend have come for a consultation because she is struggling to get pregnant. She hasn’t had a period for two years either, even though she hasn’t had a coil for any of that time. Her menstrual cycle was normal during puberty but became irregular when she started her law studies in her late teens. Other doctors such as her gynaecologist haven’t found any abnormalities and the psychiatrist ruled out anorexia nervosa as a possible cause. Anna looks slightly embarrassed when she tells me she’s a high achiever: a perfectionist, but with low self-image. She often feels inferior to other women and compensates for this by throwing herself into her work. She has been seeing a psychologist for the past year, but doesn’t feel this is helping much.

Anna explains that she is under ‘some’ pressure in her job as a lawyer in Amsterdam’s business district. She works twelve-hour days during the week and usually works one full day over the weekend too. It is therefore hardly surprising that she isn’t sleeping well – just four to five hours a night. Because she wants to maintain her lean figure and look good, she hits the gym hard five times a week under the guidance of a personal trainer.

My examination doesn’t bring up any particular issues, so during a subsequent consultation I unfortunately have to tell her that I don’t have an immediate solution to her absent menstruation. However, Anna and her boyfriend haven’t been sitting around doing nothing. After searching online, they decided to register with a fertility clinic to have Anna’s eggs frozen. This will put them in a better position to plan a potential pregnancy.



In the medical world, we refer to cases like this as ‘unexplained infertility’, probably caused by the psychosocial stress of our western lifestyle with its high efficiency and pressure to achieve. Unexplained infertility is a source of despair for many couples. If stress is the issue, the simple solution is: eat more (i.e. maintain a normal weight) and relax more (reduce stress).

Much has been written about this subject online and this phenomenon has been known about in the animal world for some time. Female mammals that play a subordinate role within the group may fail to ovulate.1 Research has shown that the status of a female mammal and the resulting stress experienced significantly affects her fertility. High-ranking female chimpanzees not only have more infants, but those infants also have a better chance of survival, probably as a result of better access to good nutrition.

The American primatologist Sarah Blaffer Hrdy studied langur monkeys in the north-west of India.2 In temple gardens, people serve this species the most delicious meals. Compared with their counterparts in the Indian jungle, these privileged langurs have twice as many young, a surprising number of which are twins.3 Having offspring is a costly exercise that requires a lot of energy, so nature will only permit this if enough food is available over a sustained period of time. It’s as if the species has ‘learned’ when it is safe to have twins – a subconscious process.

Less is known about how this process works in humans, but we do know, for example, that more girls than boys are born after a period of high mortality in women. The cause of this imbalance between the sexes is unclear, but environmental factors likely play a role. It has been known for a long time in the field of economic sciences, for example, that relatively more male babies are born during a war, probably to restore the balance between the sexes.4 In short, the interplay between environment, nutrition, psychosocial stress and the functioning of our reproductive organs is complex. And although I wouldn’t like to compare Anna to a chimpanzee, her story also shows that our physical and mental health are closely intertwined – a good starting point to demonstrate how our hormones work.



In this chapter you will read about the role hormones play in pregnancy and birth: in the development of egg and sperm cells, in getting pregnant, in the baby’s sex and the mother’s immune system, and in both the physical and mental well-being of the mother during and after childbirth. And finally, about hormonal changes in expectant fathers.

Hormones, reproduction and environment

Hormones play a key role in the creation of new life. This is probably the single most important function hormones have in our existence; there is no new life without hormones. They work together meticulously – and miraculously – in a complex network of substances that stimulate and inhibit each other. By doing so, they not only ensure that egg and sperm cells are created, but also that the meeting between the egg and sperm happens at the right place and the right time. This process doesn’t only take place low down in the abdomen. The endocrine system controls our body from deep within our brain – much like a mobile network with several transmission masts.

Reproduction therefore starts in your brain; the pituitary gland and the hypothalamus are the control centres of your endocrine system (as well as your nervous system). From puberty onwards, the hypothalamus in men and women produces GnRH (gonadotropin-releasing hormone).5 This causes the other endocrine gland, the pituitary gland, to produce FSH (follicle-stimulating hormone) and LH (luteinising hormone). LH triggers ovulation and enables a fertilised egg to implant in the uterus. Both hormones enter your bloodstream, after which they travel to your gonads (testes or ovaries). Here, they stimulate the production of sex hormones that help make reproduction possible.

How does this work in men? Stimulated by the LH in the passing blood, Leydig cells, which produce testosterone as well as smaller amounts of the female hormone oestradiol (a variant of oestrogen), are present in the final destination: the testicles. The testicles also contain Sertoli cells that in turn, stimulated by all that testosterone, facilitate the maturation of the sperm cells over a seventy-day period and regulate the production of testosterone via the hormone inhibin B.

Around 5 millilitres of semen (about a teaspoonful) is released with each ejaculation, containing sperm cells that can survive for an average of two days in a female body. The less fortunate sperm cells that are not released during an ejaculation are stored in the epididymis and broken down again after about a month. This process starts in puberty and continues until the end of life. That’s why men can still produce children later in life. This ties in nicely with the biological objective of male reproduction in nature: to impregnate as many fertile women as possible without being selective about it. However, see the boxed section ‘Sperm crisis?’ as to why there are downsides to this.
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Sperm crisis?
Rachel Carson predicted it back in the 1960s: our western way of life with its genetically modified food, exposure to chemicals and air pollution poses a threat to our existence.6 And she was right: thirty years later, the first alarming reports followed about the deteriorating quality and declining production of sperm. It was claimed that one in five men would only be able to have children with the help of IVF due to poor sperm quality. If this trend were to continue, (male) reproduction would be a thing of the past by the year 2110.7 Although this assertion ought to be taken with a pinch of salt, there certainly seems to be a significant decrease in the number of sperm cells per ejaculation in western men. There were around 47 million sperm cells in the teaspoon of semen produced per ejaculation in 2010, but in 1973 this figure was twice as high (almost 99 million sperm cells).8 Sperm motility is also decreasing,9 meaning there are ever-fewer sperm cells to get the job of reproduction done, and those sperm cells that remain are of a poorer quality, too. The concept of ‘strength in numbers’ is in jeopardy here, as it has long been known that only 0.1 per cent of sperm cells ultimately reach the fallopian tubes during each ejaculation and only a few dozen actually reach the egg.
One or two aspects of this nightmare scenario are open to debate. The methods of determining the number of sperm cells can vary dramatically, so it’s possible that the figures are simply wrong. The same applies to the way sperm motility is measured; as methods are constantly improving, measurements over longer periods of time are not always directly comparable.
However, the fact remains that the man and his sperm are a weak link when it comes to human reproduction. Being overweight forms a risk factor; because testosterone in body fat is converted into oestrogen, the modern man is effectively depriving himself of his own fertility.10 The same applies to having children later in life. Although sperm cells are continually in production (unlike eggs, which are all already present when a baby girl is born), they suffer more from environmental factors over the course of a man’s life; environmental pollution, exposure to chemicals, radiation and plasticisers cause the quality and quantity of sperm cells to drastically decrease.11 As a result, the man not only becomes less fertile over time, but his children are also more likely to have autistic behavioural traits.
In short: there’s no smoke without fire. That’s why such reports must be investigated in order to prevent a potential sperm crisis. If you are a man who wishes to have children, don’t wait too long and make sure you maintain a healthy weight.


The twelfth-century Mongolian ruler Genghis Khan took this strategy rather literally. In the sixty-five years of his life, alongside his apparently happy marriage that resulted in four sons, he had various other sexual relations that genetic Y-chromosome data suggests has led to as many as 16 million descendants living today.12 How was that possible? The rape of conquered women has throughout history been seen as a customary reward for soldiers, and the general (Genghis) had first pick.



For women too, the sex organs – the ovaries – are the last stop in the reproductive process. As girls approach puberty around the age of ten, the pituitary gland starts making FSH, which does what it says on the tin: it stimulates follicles. In the ovaries, follicles – sacs containing immature eggs – start to grow that will subsequently produce oestrogen and also progesterone, which helps the egg implant in the uterus.

The big difference compared with the development of sperm cells is the timing. Eggs, though immature, are produced before birth, when a female foetus is still in its mother’s uterus. An embryo has several million. For unknown reasons, most of them disappear before a baby girl is born. At the time of birth, there are still around 1–2 million left. It’s only around the time that a female starts menstruating, thirteen or so years later, that they are actually ‘used’. By that time, there are around five hundred thousand left. Every time a woman ovulates, a couple of thousand die. That’s why it comes as no surprise that women are most fertile before they reach the age of thirty and that, as with men, the chance of reproduction decreases with age. Reproduction is possible while stocks last; once they are depleted, menopause begins (see Chapter 8).

Fertility and environmental factors

While a man’s stock of sperm is continually replenished, that’s not the case with eggs. This means that harmful external influences, both while a female is still in her mother’s belly as well as during her first twenty years of life, only come to light in the event of a pregnancy. And because that egg also contains 50 per cent of the genetic material of subsequent generations, the result of these influences can extend over many generations.

This claim was first made by Professor David Barker from the University of Southampton, who died in 2013.13 In the 1960s, he worked as a doctor of tropical medicine in Uganda, where he treated many undernourished women and their children. He developed the hypothesis that external factors such as malnutrition and chronic stress during pregnancy can have long-term effects on children. There was no proof of this until a group of Dutch researchers realised that the Netherlands had been in a similarly terrible situation in the ‘hunger winter’ of 1944–45, and they were thus able to prove Barker’s hypothesis. The women who were pregnant in that last year of the German occupation were chronically undernourished. Almost all of their children had a low birth weight.

Led by Professor Tessa Roseboom, the researchers delved into the archives of hospitals in the Amsterdam region. They collected the details of children born in the winter of 1944–45 and called them up for further investigation. Strikingly, it was found that these women and men were, on average, less fertile and more likely to be overweight and have cardiovascular disease. Their hormone balance was also disrupted. Remarkably, their children and grandchildren were also more likely to be overweight and to suffer from diabetes and cardiovascular disease, even though they had been born twenty and sixty years respectively after the Dutch ‘hunger winter’ – and in better circumstances.14

Fortunately, famines no longer affect much of the world and we in the West live in our version of the biblical paradise. There is so much food that almost one in three adults in the Netherlands is overweight. In the United States, this figure is expected to reach almost one in two by 2030.15 Twice as many pregnant women are overweight or suffer from diabetes, compared with fifty years ago. It’s not hard to see how this abundance can have a harmful effect on our fertility and disrupt our sex hormones.

A similar effect can be observed in mice. When the mother mouse follows a so-called ‘cafeteria diet’ of unhealthy and unbalanced food, and is subjected to chronic stress, this leads to an increased risk of diabetes, cardiovascular disease and reduced fertility levels in her offspring generations later.16,17,18

How relevant is this animal research for humans? There are certainly clear indications that environmental factors not only affect our own reproduction and life expectancy, but also that of our (grand)children. All sorts of internal and external forces are at work when it comes to getting pregnant and giving birth to a healthy child. There is such a complex interplay between various factors that it is hardly surprising that for many couples – think of Anna with her chronic stress – things don’t always go according to plan.

The menstrual cycle: how does it work again?
A woman’s cycle consists of two phases, each lasting approximately two weeks (see also the illustration on page 201).
Phase 1: from menstruation to ovulation
FSH stimulates the ovary to grow a few follicles. These fluid-filled sacs that contain an immature egg release oestrogen. In response, the uterus prepares itself for a pregnancy: the mucous membrane becomes thicker with nutrients and other essentials for the implantation of the egg. Oestrogen also signals to the pituitary gland to make more LH. This sudden surge of LH appoints a winner of the follicle contest. This winning follicle can supply the egg for fertilisation.
Phase 2: from ovulation to menstruation
The sac bursts, the egg is released and is transported to the uterus via the fallopian tube. A cyst (or corpus luteum) forms at the site of the sac and produces progesterone that maintains the ‘warm nest’. If the egg is fertilised by a sperm cell, it implants itself in the uterine wall. If the egg doesn’t meet a sperm cell, the cyst breaks down, hormone levels drop and the uterus sheds its mucous membrane: in other words, menstruation occurs.


Getting pregnant

During her fertile years, a woman releases an egg on average once every twenty-eight days. This egg develops in a protected environment in the ovary before setting off on its journey to the fallopian tube. Here, it waits for a sperm while slowly making its way towards the uterus. If the egg is fertilised, the newly formed embryo can implant itself in the uterine wall.

If the egg and sperm merge, they produce the pregnancy hormone hCG: human chorionic gonadotropin. This is the hormone that makes a pregnancy test positive and it also has the important task of keeping the corpus luteum alive. This is crucial because this corpus luteum (made from the sac from which the egg was released) is the main producer of the hormone progesterone in the first weeks of the pregnancy.

Progesterone has two important jobs to do: it is responsible for thickening the womb lining so that the fertilised egg can safely implant itself and grow there, and at the same time, it signals to the pituitary gland to decrease the production of LH and FSH. This is to prevent multiple eggs from maturing.

Let’s start with that first job; you notice just how important progesterone is if your body isn’t producing enough of it. The morning-after pill works in this way, by inhibiting the production of progesterone to prevent an unwanted pregnancy. A low production of progesterone can be the result of a corpus luteum that hasn’t developed properly and is therefore unable to maintain the pregnancy, but it’s also seen in women who are suffering from stress or who are underweight or overweight – all known risk factors for a miscarriage. In both situations, the body seems to give priority to the production of other hormones (namely cortisol and oestrogen), meaning there are fewer nutrients left for the production of progesterone. As soon as women with low progesterone levels are given this hormone as a supplement, they have the same chance, or less, of a miscarriage as any other pregnant woman. The first two months are the most critical; after that, the placenta takes over the production of progesterone.
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The second role of progesterone, which is to inhibit the maturation of multiple eggs at the same time, can be seen clearly in women as they approach menopause. Menstrual cycles become less frequent and are lighter, which means you make less progesterone. So even though you are fertile – you are still ovulating – the production of FSH from the pituitary gland is not suppressed as much and the process is less regulated due to decreasing progesterone levels. As a result, multiple eggs can be released at the same time. This is probably also the reason why dizygotic (twin) pregnancies are more common in older mothers.19

Progesterone is therefore very important for women who want children. Low progesterone levels, although not always noticed, lead to reduced fertility in around one in seven women, including for women with an unusually high number of follicles in the ovaries (polycystic ovary syndrome, or PCOS). This condition causes the adrenal glands to make more testosterone-like chemicals. Unsurprisingly, female hormones are then less effective due to the competition with the male hormone in the blood.

The Ancient Egyptians were familiar with PCOS, describing it as a ‘masculinisation’ of the woman.20 For women with PCOS, symptoms could include decreased or absent menstruation, excess hair growth, voice changes and even personality changes. What’s interesting is that women with PCOS are physically stronger, have greater muscle mass and are better able to cope with periodic shortages of food and water; it is possible that evolution ‘opts for’ the advantage of survival to the detriment of fertility. This again subtly indicates that we do not yet fully understand the hierarchy of hormones in our body, with survival sometimes taking precedence over reproduction.

Giving nature a helping hand

If getting pregnant the natural way doesn’t work due to hormonal or other conditions, synthetic hormonal interventions may offer a solution. Depending on the cause, the egg, the sperm or both can be given a helping hand.

With intra-uterine insemination (IUI), sperm are injected with a syringe directly into the uterus (as opposed to the vagina as with a normal ejaculation), so the first hurdle is already overcome. Knowledge of the hormones helps us out here: the right moment (ovulation) is determined on the basis of the LH surge in the blood. Treatment can also be supported by synthetic hormones at an earlier stage in the process, either by stimulating FSH or injecting it directly. Synthetic hormones are also used in other fertility treatments, such as in-vitro fertilisation (IVF). With this method, sperm and egg cells are taken out of the body and brought together in the lab. If an embryo develops in the test tube, it can be put back into the uterus.

The world’s first test-tube baby was Louise Brown from England. Her parents had tried to conceive for nine years with no luck, before Louise was finally born via IVF in 1978. This method was discovered by the British scientist Robert Edwards, who went on to win the Nobel Prize for his work. At first, he was reviled by his colleagues and dismissed at conferences as an unethical doctor. When several hospitals started applying this technique and the children appeared to develop normally, cynicism soon made way for enthusiasm.

The technical feats of this process are astonishing, but they only work if hormones are used in the right way. With IVF or IUI treatment, you start by taking the contraceptive pill to suppress your cycle so that the time of ovulation can be better controlled. Then you have FSH injections that are similar to the signals your own body makes in order to encourage eggs to mature. During ovulation, egg cells are then retrieved from the ovary by means of a needle guided by ultrasound.

As hormones are powerful messengers, this type of procedure does not come without risk. In addition to various side effects such as nausea, fatigue and mood changes, your body can also become overloaded with the externally induced flood of hormones. In two in every thousand IVF treatments, ovarian hyperstimulation syndrome (OHSS) occurs.21 In this rare condition, too many mature follicles are formed – sometimes more than twenty. As a result, the ovaries become enlarged and fluid and proteins can leak into the abdominal cavity, causing stomach pain. In severe cases, this can even lead to organ failure.

In conclusion, getting pregnant is a finely tuned process, whether or not nature is given a helping hand. This may be why we sometimes refer to a new arrival as a little miracle.

Being pregnant

Whether this little miracle takes the physical form of a boy or a girl is determined the moment the sperm merges with the egg. The sperm ‘determines’ the sex; if it passes on a Y chromosome in the genetic material, the embryo will grow into a boy. If the fusion provides a second X chromosome, it will be a girl.

Early in the pregnancy, girls and boys have the same genitals. Initially, a foetus has female structures, but the presence of the Y chromosome makes them disappear and male structures grow in their place.22 The Y chromosome is responsible for the production of substances that form the male genitals. How exactly does that work? The foetus’s genitals produce hormones from early on in the pregnancy, including anti-Müllerian hormone (AMH). In the first two months after fertilisation, AMH ensures that the structures that could develop into female reproductive organs (vagina, womb and ovaries) gradually disappear. As a result, testosterone is given free rein and nine months later a boy can be born.

However, that’s not all that AMH does; after it gets rid of the female reproductive organs, the AMH level in the male foetus remains high. It seems that this is associated with the development of the brain, which is being formed during this phase. When male mice are genetically manipulated to produce less AMH, for example, they start behaving less aggressively and less dominantly.23 Of course, behaviour consists of more than a single hormone level, but the involvement of AMH in the development of the brain could, for example, play a role in the increased risk of boys having autism and ADHD. I will go into this in more detail in Chapter 2.

Incidentally, girls also produce AMH, but only after birth. Its role is to inhibit the enthusiastic FSH to ensure that egg cells don’t develop before the start of puberty. Women with the aforementioned PCOS,24 who often have ‘male’ features in terms of their appearance and behaviour, often exhibit high AMH levels. However, young girls with normal AMH levels sometimes make more male hormone too, in the adrenal glands. This condition is known as congenital adrenal hyperplasia (CAH).25 A possible example of this, although not officially recognised as such, has fascinated me for some time: a legend about the first female pope, which has served as an inspiration for film and documentary makers.

‘Masculine’ women

When I was at secondary school in the mid-1990s, we went on a school trip to Rome. I can clearly remember standing by a shrine that was over a thousand years old, not far from the Colosseum, at the intersection of Via dei Santi Quattro and Via dei Querceti. With a smile on his face, our guide told us that this shrine, dedicated to Mary, was reputedly the place where the first female pope John VII (also known as Pope Joan) was stoned to death around 855 AD after giving birth to a baby girl on the street. This story was first written down in 1261 by Jean de Mailly in Chronica universalis Mettensis, and became more widely known in 1277 when the Dominican Martin Polanus published his chronicle Chronicon pontificum et imperatorum.26

According to the legend, after Pope Leo IV died in 855, he was succeeded by a talented young member of the clergy who later turned out to be a woman who wore men’s clothing. Riding on a white donkey, this new pope, John VII, was on the way from St Peter’s Basilica to the Archbasilica of St John Lateran for the papal inauguration procession when she gave birth to a baby girl not far from the Basilica of St Clement. The crowd was so bewildered by the fact their pope was a woman that they stoned mother and daughter on the spot – precisely where the shrine is today.

This incident may or may not have actually happened, but there are two other reasons why we should take this story more seriously, aside from the altar in the Via dei Santi Quattro.27 Firstly, in Siena Cathedral there is a row of busts of all the popes from the Middle Ages. Until 1600, the bust of John VII stood there too; it was later removed, possibly suggesting that there is more to this story than meets the eye. Secondly, I first heard about the sedes stercoraria, or ‘excrement chair’, from my Latin and Greek teacher in the Archbasilica of St John Lateran. From the Middle Ages onwards, every papal candidate had to sit on this toilet chair during their inauguration and one of the cardinals would put their hand underneath to check they had testicles. If the new pope proved to be a man, the cardinal would announce: ‘Testiculos habet et bene pendentes.’ In other words: ‘He has testicles and they hang well.’ To which the rest of the group of cardinals would declare: ‘Habe ova noster papa’ – ‘Our pope is virile.’ Although this type of chair can no longer be found in the Archbasilica of St John Lateran, examples can be viewed in the Louvre and in the Cabinet of Masks in the Vatican Museum in Rome. That could explain why, after the case of Pope Joan, a thorough physical examination of prospective popes was carried out before they were allowed to take office.

If Pope John or Joan did indeed look like a man, she might have suffered from adrenogenital syndrome, whereby the adrenal glands produce too much testosterone, resulting in a masculinisation of the body. This syndrome causes baby girls to develop ambiguous genitals and male features, such as a beard. This syndrome is present to a less severe extent in 3 per cent of the population.28 Thanks to the work of the geneticist Hans Galjaard (see Introduction), in the Netherlands this condition can be detected shortly after birth with a heel-prick test, and can be treated with pills that supplement the shortage of hormones produced by the adrenal glands. As a result, the balance between cortisol and testosterone is restored and young girls’ bodies can be protected against exposure to large quantities of male hormone.

Although no clear depictions of Pope Joan can be found, there is a painting by Jusepe (also known as José) de Ribera from 1631, in which he eternalised Magdalena Ventura: a Neapolitan woman with a beard, posing together with her husband while breastfeeding her son. It is possible that there were more of these masculine women in years gone by and the story of the first female pope may be less implausible than it sounds.
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Magdalena Ventura with her husband and son, painted by Jusepe de Ribera, 1631


Baby brain

From the thirteenth week of pregnancy, an ultrasound can determine the sex of a foetus with 95 per cent accuracy. Popular blogs are full of all sorts of tips on how to guess the child’s sex even earlier than that. What are these based on? That’s right: the effect of our hormones, specifically the pregnancy hormone hCG. This hormone not only indicates that a sperm and egg cell have merged and that you are therefore pregnant, but its concentration level can also indicate the sex. With a female foetus, the hCG levels in the mother’s blood are higher; this can be observed as early as the third week of pregnancy.29

These higher concentrations of hCG and oestrogen change not only your brain and memory, but also your body. Often, it can take as long as two years to return to your pre-pregnant self. After giving birth, mothers have oestrogen rushing through their bodies for two years and this can influence their behaviour and emotions. Many pregnant women also find they suffer from a distorted sense of taste and suddenly go off their favourite foods. In most cases, this presents itself as an aversion to bitter foods in the first trimester, and a craving for salty and sour foods during the later phases.

What’s the point of all this? In all likelihood, an evolutionary adjustment mechanism is at work that instinctively causes mammals to favour products with good (i.e. necessary) nutrients. In general, toxins have a bitter taste and the body actively avoids these during the critical first weeks. Later in the pregnancy, expectant mothers require salt as more blood flows through their body and their blood pressure decreases.

HCG is also responsible for nausea.30 That sickly feeling doesn’t serve a purpose in itself; it’s just a side effect of the pregnancy hormone. If the nausea hits you really badly, just remember that the hCG is serving a useful purpose: keeping your progesterone levels high so that more egg cells don’t start to mature.

Forgetfulness, a big appetite and strange food-cravings are more commonly seen in women who are pregnant with boys.31 Why is that? Blame the hormones! Influenced by their higher testosterone levels, these women are more likely to see off a whole bag of sweets or to crave gherkins than women who are pregnant with a girl. This could explain why boys generally have a higher birth weight than girls; they have simply received more nutrients.

Guessing the sex of your child is a fun game for curious parents-to-be. But even before modern medical equipment was invented, people deemed it important to guess the sex in advance – sometimes even before conception. This was not least because in Europe a male heir was considered preferable, in part due to the dowry that parents needed to find for daughters when they married. Centuries before the scientific discovery of hCG and testosterone, French women from sewing and spinning circles realised that a daughter was more likely to cause nausea during pregnancy, while bearing a son was more likely to lead to a bigger appetite. In the fifteenth-century anonymous book The Distaff Gospels, six women discuss ancient medical wisdom, including the formation of new life, while spinning.32 These ‘gospels’ contain all sorts of interesting tips. Do you want a son? If so, have sexual intercourse in the morning before breakfast, with your husband facing towards the east. How do you know if it worked? According to the spinners, you can tell by the way you walk; if you are expecting a boy, you walk with your right foot first. Still not sure? Get the father to sprinkle some salt over your head while you are sleeping. The sex of the first person you ‘accidentally’ name on waking will be your future child’s sex.

It is not clear how seriously this advice was taken, but distaffs – sticks holding the flax or wool used to make yarn when spinning – feature remarkably often in biblical representations of Sarah and Mary, when the archangels tell them there’s a baby on the way.

According to the final myth, women who are expecting a boy become angry and irritable more easily. This brings Voltaire’s statement to mind – ‘The composition of a tragedy requires testicles’ – but has absolutely no basis in science. If you want to win the next guess-the-sex contest, you might as well go along with the expectant mother’s hunch.33 That’s because she is instinctively right, without further information, more than 62 per cent of the time. That’s a bit better than tossing a coin, but still…

In order to bring a pregnancy to term, your body needs to adapt in all sorts of ways. Every trimester has its own requirements. Our hormones play an important role in overseeing all these different physical and mental processes. They ensure, for example, that the nutrients from the food in the mother’s intestines reach the foetus. During pregnancy, hormones are therefore both a mother’s and child’s best friend, making sure that neither go without. An example of this is hPL (human placental lactogen), which temporarily modifies the maternal metabolism. This causes the mother to primarily burn fat for energy, leaving the simple sugars for the child’s growth.34 Female hormones are also known to stimulate the production of skin pigment, an effect that is sometimes also seen with the use of the contraceptive pill (more about the pill in Chapter 7). The increased levels of oestrogen and progesterone can cause irregular brown pigment spots on the face – the ‘pregnancy mask’. Fortunately, these pigment spots often disappear after the pregnancy or after stopping taking the pill.

In the final phase of pregnancy, progesterone plays an important role once again by temporarily turning the mother’s immune system down a notch. If it failed to do that, the immune system might see the baby (half of which consists of ‘foreign’ DNA) as a dangerous intruder and want to reject the foetus. So a temporarily impaired maternal immune system is crucial in order to bring the pregnancy safely to term. This can be beneficial for women with autoimmune conditions like rheumatic or thyroid disease, which often become less severe during the pregnancy.35 However, the flip side of weaker immunity is that pregnant women are often more susceptible to infections and that those infections may then be more severe, as we saw with COVID-19.36

The final hurdle: childbirth

In the third trimester and around the time of birth, hormones once again play a key role. This time, relative newcomers to the hormonal process come to the fore: prolactin and oxytocin. During the later stages of pregnancy, both substances are produced in the pituitary gland, which doubles in size during the pregnancy in order to meet this rising demand for hormones. Prolactin and oxytocin not only ensure that you hold up well during the last months of pregnancy and that you form an emotional bond with your newborn child; they also play an important role in childbirth, influencing when contractions start, when the body needs to recover and when the production of milk begins.

Together with progesterone, prolactin inhibits ovulation, thereby preventing a new pregnancy. The hormone, which owes its name to its role in milk production, primarily provides much-needed mental peace. Prolactin is essential for keeping the mother calm and getting her through those difficult last months. During childbirth, the body increases the concentration of prolactin up to twentyfold in order to speed up delivery and to cement the bond between mother and child in advance.

High levels of prolactin are not only seen around the time of and after childbirth. If your pituitary gland grows for any other reason – for example due to a tumour – large amounts of this hormone can also enter your bloodstream. That was why I once saw a woman in my practice who was ‘lactating’ despite not being pregnant. It is likely that the first Queen of England suffered from the same condition. It is reported that Mary I, also known as Bloody Mary, continually believed herself pregnant; her stomach was swollen and she produced milk, but unfortunately no child ever came. She became essentially blind at a young age, likely as a result of a tumour on her pituitary gland.37

This is a poignant example of the influence of hormones, and the extent to which they can determine the course of world history. After all, it was in part due to Mary’s childlessness that the House of Tudor came to the end of the line and that, after the Stuarts and the Hanoverians, the House of Windsor (formerly called Saxe-Coburg and Gotha) came to the throne and reigned for the past few centuries, right up to the present-day King Charles III.

So women can, even without having been pregnant, produce too much prolactin in their pituitary gland. Medications can also stimulate this process. This may be an unpleasant side effect for some women, but for others it’s a blessing, as it means they can breastfeed without having given birth.38 That’s how powerful prolactin’s signal can be.

Oxytocin is chiefly released during the first contractions of labour and is responsible after birth for the let-down reflex when the mother hears her baby cry. Oxytocin is sometimes called the ‘cuddle hormone’; both men and women produce it after looking at or touching each other for at least half a minute and it’s also released whenever you’re in contact with your loved ones – your partner, family, friends or children. What’s even more intriguing is that socially neglected children with a shortage of oxytocin display behaviours similar to autism; in fact, there is evidence that treatment with oxytocin can make people with autism more sociable.39 However, because many factors besides oxytocin play a role in the development of autism, more research is needed before this type of oxytocin treatment can be started.

To return to the uterus: thanks to oxytocin, it certainly appears possible to form an emotional bond with the child in your belly. However, it’s not just the mother’s hormones that set everything in motion. After twelve weeks in the womb, the foetus starts producing hormones of its own, which may even influence when exactly delivery takes place. Research carried out forty years ago by neuroscientist Dick Swaab and gynaecologist Kees Boer indicated this.40 The Dutch researchers investigated babies ‘without brains’ (anencephaly) and were able to demonstrate that when the foetus’s hypothalamus and pituitary gland are inadequately constructed, delivery happens earlier and more quickly than with healthy children. By releasing hormones, a foetus can therefore determine when the mother’s contractions begin, thereby dictating the time of his or her birth. Unfortunately, we don’t yet know exactly how this delicate interplay between hormone production in mother and child works. We do know, however, that certain hormones can be used as a therapeutic tool. That’s why a dose of synthetic oxytocin can be enough to bring on contractions in a labour that is failing to progess.41

Pain relief for physical stress

Towards the end of the pregnancy, things become especially difficult for the woman. The child has grown to the size of a watermelon. This is quite an assault on all the woman’s abdominal muscles and ligaments, which need to stretch considerably. Fortunately, female hormones help reduce the sensation of pain during pregnancy and childbirth. Patients with chronic pain also often experience a reduction in their complaints during pregnancy, though the reason for this could be that they don’t have a monthly oestrogen dip as they usually do as part of their menstrual cycle.42 During delivery, when the body is under a considerable amount of stress, mothers produce endorphins. These are endogenous morphine-like molecules that originate from the hypothalamus and provide additional, temporary pain relief. Endorphins are perhaps best-known from the field of endurance sport, in particular from the runner’s high that is experienced due to the production of these hormones while exercising, which explains the addictive effect of running marathons.43

Endorphins and exorphins: painkillers and happy hormones
The term ‘endorphin’ is a portmanteau of ‘endogenous’ (internal) and ‘morphine’. Morphine refers to the active substance named after the Greek god of dreams, Morpheus. If you have ever experienced the effect of synthetic morphine, you will know why. Synthetic morphine is obtained from the opium poppy, also known as papaver somniferum (somniferum means ‘sleep-bringing’). The effects of morphine have been known for centuries. In the Ebers Papyrus, one of the oldest surviving medical documents (1550 BC), it was recommended as a treatment for babies with colic.44
Besides childbirth and endurance sports, substances in our diet (such as fats and sugars) can also release endorphins. Take chocolate, for example: this contains substances that make us want to eat more of it.45 Gut bacteria can also supply us with additional endorphins.46 (You can find out more about this in Chapter 6.)
While the body’s own happy hormones are released into our brain and bloodstream in a controlled, carefully timed manner, we also have external control over the quantity of endorphins we are exposed to. Biologists suspect, for example, that the natural function of cows’ milk is to keep calves close to their mothers, so they keep coming back to drink. If you make cheese from this milk, it contains a lot of casein. This is an animal protein with a highly addictive effect and may explain why people who have long outgrown the nursing stage get the same ‘fix’ from their weekly pizza.47


Helpful hormones for mental stress

Hormones don’t only offer a helping hand during intense physical exertion such as endurance sports or childbirth, but also when people are experiencing mental stress. A pregnancy – with a labour that easily exceeds a marathon in terms of duration – also has a considerable emotional impact. The father of modern medicine, Hippocrates of Kos, was the first to use the term hysteria, which means ‘womb’ in Greek. He used it to describe a situation he considered remarkable, in which more blood travels to the uterus than the brain, resulting in panic and nervousness. The medical term we still use today for the surgical removal of the womb, ‘hysterectomy’ (literally: removal of the hysteria), also derives from this.

At that time, hysteria or psychological arousal was partly explained by a toxic accumulation of the female reproductive bodily fluids, because it was most commonly seen in widows unable to release those fluids through sex.48 Until the twentieth century, the treatment of hysterical patients therefore consisted of generating an orgasm, euphemistically described as a ‘pelvic massage’.49 We now understand why this seemed effective; the sudden release of the hormone oxytocin after an orgasm reduces psychological stress and unrest.50 We also know that a higher level of sex hormones in the blood makes the skin look healthier, younger and more radiant.

During pregnancy, most women feel more emotional than usual. A hormonal explanation for this is the high level of oestrogen over a sustained period of time. The implanted embryo also produces chemicals such as serotonin from tryptophan during the pregnancy,51 which are likewise closely interlinked with the mother’s mental well-being.52 A dip in these levels after delivery may also explain the infamous ‘baby blues’.53 The body usually redresses the balance within two weeks. However, if the feeling persists, milder mental distress can turn into postpartum depression, which is also associated with lower oestrogen levels in the blood.

Does this mean that depression of this kind can also be cured with hormone therapy? Unfortunately, we don’t yet have an answer to that question; we will have to await the findings of ongoing investigations into oestrogen treatment for postpartum depression.54

Hormonal fathers: we are ‘pregnant’ too

It is not only the pregnant woman who is influenced by hormones. The expectant father also undergoes a hormonal adjustment, with his testosterone levels falling in the last trimester of his partner’s pregnancy and experiencing an extra dip after the birth.55 This does not mean that as a man you suddenly lose your ‘masculinity’; instead, you adapt biologically to take care of your child. Testosterone can exacerbate physical aggression and increase libido, traits we would rather not see in new fathers.

Recent research has shown that the labour or ‘cuddle’ hormone oxytocin can stimulate certain emotions in men. In a US study, thirty young fathers were administered synthetic oxytocin via a nasal spray.56 The result? When they were then shown photos of their children, the parts of the brain involved in empathy and emotion showed more activity. By contrast, childless men have less oxytocin and more testosterone in their blood; their brains are also quicker to react to sexual stimuli.57

Hormones influence behaviour, but interestingly, behaviour also influences hormones. The more time a young father spends with his child, the more his testosterone levels fall, making him less quick to react to sexual stimuli and less likely to act aggressively.58 However, the hormone balance is restored long before your child takes their first steps.

Apart from more oxytocin and less testosterone, fathers also experience other hormonal changes: increased prolactin levels and decreased oestradiol levels.59 To start with prolactin: as mentioned earlier, in women this substance inhibits the hormones associated with a potential new fertilisation. The expectant father and his changed male body seem to agree that one offspring at a time is enough. And in the same way that prolactin gives mental peace to women, it also ensures men form a good bond with their child and respond calmly to the sound of a crying baby – also rather important.

It may seem surprising that a man’s oestradiol levels drop, but it isn’t. Oestradiol is a variant of oestrogen, which is present in a tiny amount in men’s blood. It is produced in fat tissue and ‘feminises’ the brain. A dependent baby benefits more from a caring teddy bear as a father than a hunting-mad grizzly bear, so once again, hormones outsmart the ‘caveman’.

Besides hormonal changes, something else sometimes seems to happen in the man’s body. It is still unclear whether or not female hormones in a pregnant body are able to change the expectant father’s behaviour, but couvade syndrome suggests this might be possible.60 The word ‘couvade’ comes from the French ‘couvée’, meaning ‘to hatch’ or ‘to brood’; in English we sometimes refer to this as sympathetic pregnancy. This is when a man experiences pregnancy symptoms such as nausea, food cravings and mood changes along with his pregnant partner. A striking number of men who are susceptible to sympathetic pregnancy also gain weight during those nine months, especially if the expectant mother is pregnant with a girl.61 This is a rather nice biological adaptation, as all parties can benefit from some extra energy to see them through those sleepless nights ahead.

Incidentally, couvade syndrome is not a new phenomenon. It was first described in ancient Alexandria by the Greek poet Apollonius of Rhodes (295 BC) who reported how men would routinely go and lie in bed beside their wives in the foetal position during labour to handle contractions ‘together’.62 In some tribes, separate huts were built so the man could find peace himself instead of supporting his wife. In these cultures, this phenomenon was approached from a spiritual point of view, and it was seen as birth by the father.

How does sympathetic pregnancy work? This is where pheromones come to the fore.63 Pheromones are substances made from our sweat, saliva, urine and faeces that spread between people through the air and by touch, passing signals on to our brains.64 The receptor for these pheromones is – not entirely surprisingly – found in our nose. During my studies for my US medical exams, I first learned about the vomeronasal organ, also known as Jacobson’s organ. This organ in the nasal septum is directly connected with the hypothalamus via nerve pathways. As a result, the body is able to subconsciously detect pheromones, as well as the direction from which they are released (see the figure on page 106).65 Although scientists long thought that the vomeronasal organ had gradually disappeared, it is in fact still present in almost a quarter of all adults.66

A possible explanation for sympathetic pregnancy could be that the pheromones released by the pregnant woman cause the man and woman to hormonally ‘synchronise’.67 This effect is frequently observed. Female lap dancers, for example, often receive bigger tips when they are secreting the pheromone estratetraenol, especially around the time of ovulation when their oestrogen levels are high.68 The opposite is also true: the pheromone androstadienone found in men’s sweat may create a sexual attraction response in women. In short, if you have just become a father for the first time, and you are feeling lethargic and suffering from mood changes, pheromones and the vomeronasal organ may be to blame.



For thousands of years, reproductive hormones have therefore had a huge impact on general physical and emotional health – and not just for women. The fact that men can also quickly adapt hormonally in this way may suggest that the division of male and female social roles in the young family is less black-and-white than it might seem – everything our hormones do is to ensure the survival of the species.69 Without well-coordinated endocrine systems, our reproduction could be seriously jeopardised.

However, this doesn’t mean that every new father is hormonally driven to fixate on the family. Men may also have a tendency for infidelity after having children: the so-called Coolidge effect.70 This could also be an evolutionary relic, since infidelity causes genes to be mixed and spread more widely, thereby increasing the chances of survival for the offspring. This behaviour, which can be traced back to primitive instincts, can be observed in other species too; for example, cocks are more likely to exhibit sexual behaviour with new hens than familiar ones.71 Here too, there is a clear link between hormones, brain and behaviour. Without going into too much detail: cheating causes dopamine to be released; this substance activates the oldest part of the brain, where the primitive instinct is found.72 That’s why there is a thick, rational layer of cerebral cortex over this part of the brain, which goes some way to deterring men from philandering macho behaviour when their partners have recently given birth.



To sum up: everyone has a marvellous, self-governing hormonal programme that is continually occupied with enabling the body to function properly. Hormones also help with all sorts of challenges in life, starting with conception, pregnancy and delivery – processes that just wouldn’t be possible without this hormonal fine-tuning.

However, to paraphrase the Dutch footballer Johan Cruyff, every evolutionary advantage also has its disadvantage. While our physiology was formed at a time when reproduction was our chief priority, our environment has changed drastically over a short period of time. Our body is essentially equipped for a different environment to the one in which we now need to survive. It does not always correspond with our modern way of life. And that can also lead to problems when trying to get pregnant – for example due to stress, as was the case with my patient Anna.

And even if a person does get pregnant, minor interference during the pregnancy can cause major problems later on, starting with the phase from toddler to teen, as we will discover in the next chapter.
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The Big Run-up

Pubescent Toddlers and Pre-schoolers

I wake up on New Year’s Eve 2010 in high spirits. It’s been a good year, my wife and I are happy, our third child is on the way and I’ve just started training to become an endocrinologist in Amsterdam. Life seems to be treating us well. I go over to our two-year-old son, who’s lying in bed looking as white as a sheet and murmuring, ‘Ow, tummy, ow.’ Over the past few months, he hasn’t been eating as well as usual and he’s woken up a few times at night soaked in sweat, but that hadn’t given us too much cause for concern.

When I lift him out of bed, I feel a hard lump just below the right side of his ribcage. At first I think I’m imagining it – I’ve never seen or felt that lump before – but eight hours later our life has been turned upside down. The diagnosis: childhood liver cancer with metastases. It is unlikely he will live to see the end of the next year.

In the following days, a line from Franz Schubert’s ‘Erlkönig’ haunts my thoughts like an earworm. The musical work is based on Goethe’s poem from 1782, in which a father carries his ailing child home, riding all night on horseback. Meanwhile, the son, whose condition is rapidly deteriorating, deliriously mumbles that the king of the fairies wants to take him away to the underworld: ‘My father, my father, he has seized me! Erlkönig is harming me!’

The months that follow are incredibly stressful for our whole family. We stay at Amsterdam University Medical Center round the clock and sleep badly every night. Our son has to undergo a liver transplant with part of my own liver; this entails a serious operation for the pair of us in Brussels. Stress hormones surge through our bodies.



Fortunately, things turned out all right for our son, but our youngest daughter was exposed to elevated levels of the stress hormone cortisol in the womb for almost five months. Although we don’t know what the long-term effects of this will be, we had many a sleepless night in the first three years of her life because she was constantly hungry and easily overstimulated. Although she’s doing much better now, she has to pay special attention to what she eats because she gains weight much more quickly than the rest of our family.

This can likely be attributed to a mechanism called ‘epigenetic change’; if you are exposed to the stress hormone cortisol early in life, certain genes are calibrated differently for the rest of your life.1 Some of our hormones have this powerful effect; although your genes themselves don’t change, they do function less effectively, which is detrimental to your health.

The effects of hormonal fluctuations during a pregnancy can have a lasting influence on the child’s developing brain and body.2 Severe chronic stress during pregnancy can cause irreversible damage to the neurological development of foetuses – just think, for example, of children born during wars or other violent conflicts. In such cases, the child’s critical development period coincides with the period in which the stress hormones in the mother’s blood are elevated.

Since these hormones affect our immune systems and our brains, the effects are reflected in several of our physical and mental behaviours. This can manifest itself in all sorts of ways later in life, such as poor concentration, fear of failure, deficient general functioning and possibly even schizophrenia. In a large-scale Danish population study of 1.3 million babies born between 1973 and 1995, researchers found a link between major stress and intense grief in the first trimester of the pregnancy (such as the death of a loved one or another trauma) and an increase in the number of deformities and premature births.3

Another study revealed that emotional stress in healthy pregnant women is also detrimental to the motor and cognitive development of their two-year-old children.4 Unfortunately we are unable to predict which children will be affected by problems caused by early hormonal fluctuations in the womb. This is an extremely complex matter, but in general, the earlier and more intense this cocktail of signals presents itself, the greater the impact will be. Hormones can therefore influence our futures in ways so impactful that it’s like something out of a science fiction film.



In this chapter, you will read more about the far-reaching influence of hormones on young children, in particular in terms of the effects of sex hormones on toddlers’ bodies. You will see that young children encounter a hormonal storm in the first four years of their lives and what this can mean both physically (e.g. appearance and fertility) as well as psychosocially (e.g. behaviour). I will also explain what can happen if you are exposed to too many hormones at an early age, whether from your own body or from the outside world – via food, toys or pesticides.

Mini-puberty and early puberty

In 1977, the American medical physicist Rosalyn Yalow won the Nobel Prize in Physiology or Medicine for developing radioimmunoassay (RIA), a new technique used to measure the quantity of a certain substance in blood.5 Her research represented a great leap forward for a range of medical fields, including endocrinology. It was suddenly possible to accurately measure the concentrations of hormones in the blood and to detect internal hormonal fluctuations that previous techniques had been unable to perceive.

An important discovery that ensued from this was that at a very young age – from one week after birth to around two years of age – a hormonal partnership is formed between the brain and the sex organs.6 During this period, the production of hormones such as testosterone and oestradiol is initiated – a surprising discovery of a phenomenon previously only known to happen during puberty. What is even more striking is the extent of this activity. Although a baby boy’s testicles are twenty-four times smaller than those of an adult man, the hormones they produce can rise to levels as high as those in adulthood. For baby girls, the growth of follicles in the ovaries leads to a rush of oestradiol into the blood – and this hormone surge is comparable with the levels adult women experience during ovulation.

This ‘hormone surge’ is, by nature, different in boys and girls. In boys, the male hormones increase steadily until they peak at around six months. They then take about the same time again to fall to the characteristic low levels. With girls, we see a cyclical pattern in the production of hormones, comparable to that later seen during the menstrual cycle. Female hormones regularly peak in baby girls between their first week of life (when their mother’s hormones present in their blood significantly decrease) and their second birthday. The highest oestrogen levels are observed in girls around six months of age – in some cases, these levels remain raised until the start of toddlerhood.

How can this be explained? Almost fifty years after the discovery, we still know relatively little about why this hormonal circus in newborns takes place. The production of sex hormones at a very young age mainly seems to act like a test drive; perhaps the body wants to know for certain whether the reproductive system works before it puts energy into other developmental processes. With such high hormone levels, similar to those observed in teenagers, you would expect typical adolescent features. While a baby doesn’t suddenly get pubic hair or acne, behavioural issues do sometimes arise around this time. Researchers therefore refer to this period as ‘mini puberty’: a relatively short period of two years with minimal external changes caused by a hormonal production process similar to regular puberty.7 It is a healthy development and for most children their internal hormonal peaks go unnoticed, in part because their nervous system and other organs are not yet mature enough for the signals to be measurable.8

It’s not unusual for baby boys and girls to encounter swelling of one or both breasts shortly after birth. This often goes hand in hand with spotting: the loss of a small amount of blood from the baby girl’s uterus.9 In the last weeks of pregnancy, the mother’s prolactin level increases and the placenta contains extremely high concentrations of oestrogen. After birth, the maternal hormones in the baby’s blood suddenly drop, which can cause the baby to lose a small amount of blood from her vagina. This is less common in premature babies than full-term babies. The blood loss is harmless, as is the swelling of the breasts. This often disappears within twelve weeks after birth, when the hormonal supply from the mother drops.10

Around 15 per cent of girls exhibit breast growth again at a later stage, usually between six and twenty-four months.11 It is no coincidence that this corresponds with the period of female mini-puberty, when oestrogen levels soar. This excessive mini-puberty is probably caused by external triggers influencing the balance of hormones in the body (a balance has been prepared by maternal oestrogens). In this case, you do see the physical characteristics of puberty, such as breast growth, bleeding and even symptoms of pre-menstrual syndrome (PMS).

It is not clear what causes this hormonal storm to blow over again in most toddlers. The pineal gland may play a role. This endocrine gland is located in the centre of the brain and, in addition to its role in regulating the circadian rhythm, also appears to be involved in suppressing the production of sex hormones until puberty begins.12 Could it then be the case that the key to our behaviour can be found in the pineal gland?

That’s what René Descartes believed. With his statement ‘Cogito, ergo sum’ (‘I think, therefore I am’), the French philosopher claimed that the body influences our thoughts and vice versa. Four centuries ago, long before the terms hormones and mini-puberty were coined, he came up with the idea that our body’s soul is seated in the pineal gland and that this gland controls our mental and physical functioning.13 Pineal gland or not, Mother Nature always makes exceptions to the rule. One such example is when the sex hormones of young children cannot be restrained and puberty sets in far too early.

The term pubertas praecox may sound like a magic spell from Harry Potter, but all it means is ‘an acceleration of the onset of puberty’. Contrary to mini-puberty, this early puberty, also known as precocious puberty, is not harmless. A common definition for medical purposes is the onset of puberty before the age of eight in girls or nine in boys. For some reason, early puberty is almost ten times more common in girls than boys.14 Most of these patients are six or seven years old, but they are occasionally younger, such as the British girl Hayley Smith, who was born in 1995. She started suffering from stomach cramps and mood swings at the age of three and other features of puberty followed shortly thereafter, such as body odour and greasy hair.15

If these symptoms are observed in children at such a young age, it is important to determine the cause: is it mini-puberty (harmless) or early puberty (disease), perhaps due to a hormone-producing tumour? Usually the bone age (to be determined by X-ray) can provide a definitive answer. This is important because early puberty has far-reaching consequences. If your growth spurt starts much sooner, the maturation of cells in your bones and growth plates (the cartilage part of your bones where they grow in length) is affected; you often end up much smaller as an adult, because your total growth period was shorter. In combination with an increase in weight – by continuing to eat and exercise normally – this can result in abnormal physical proportions. Patients like Hayley still struggle to maintain a healthy weight years later.

In addition to physical effects, early puberty can also have psychosocial consequences. This can lead to poor performance at school and an increased likelihood of taking drugs compared to their healthy peers. Furthermore, these children often struggle with being different from the norm and can feel embarrassed or lonely.

Fortunately, something can be done about it. In almost all cases, pubertas praecox is treated with the same hormonal injections that are used to suppress puberty in transgender children (see Chapter 4). Medicine has therefore found a magic wand with which the body’s own production of hormones can be put on pause. Later, when the injections are stopped, the puberty movie automatically continues from where it left off.

Endocrine disruptors

What triggers the rapid increase in hormone concentrations during mini-puberty or early puberty? Disrupted hormone levels may have an internal cause, as previously mentioned, but they can also be triggered by external factors, such as diet.

A few years ago, Turkish paediatricians issued the following warning: limit the use of fennel tea in very young children.16 In Turkish culture, fennel tea is a popular herbal remedy for intestinal colic and other digestive issues in babies, due to its relaxing effect on muscle tissue. Dutch mothers are bombarded with the same advice. On the Dutch website Oma weet raad (‘Grandma knows best’), it is listed as a child-friendly option under ‘Babies with colic’. What is less well-known is that fennel contains anethole, which acts similarly to oestrogen. Too much fennel elevates oestrogen’s effect on the body and can therefore lead to breast development, as Turkish researchers found in their study. Fortunately, the noticeable breast growth they observed in the children in the study disappeared again after fennel was taken off the menu.

Besides food products, popular ‘natural’ skincare products can also promote breast growth in young children. In Australia, for example, an infant developed breasts after the excessive use of body products containing lavender.17 The internet is full of well-intentioned advice for mothers, but nowhere does it mention that essential oils like lavender can affect hormone levels, even leading to breast growth in boys. You would need to use loads of it, however. These products are healthy, as long as they are used in moderation.

It has long been known that some plants contain hormone-like substances called phytoestrogens, which fall into three categories: isoflavones (such as those found in soya), coumestans (in alfalfa) and lignans (in linseed). In the Old and New Testaments, they are also referred to as ‘garden herbs’, eaten by people who didn’t want to eat meat. The pros and cons of these high-protein meat replacements are still disputed today; I will delve into this in more detail later in this chapter. The long-term daily consumption of these substances can cause the oestrogen level in a young child’s blood to significantly increase.

In medical literature, the formation of breasts in young children is linked to soya-based infant formulas, legumes and eating meat.18 Meat doesn’t inherently contain plant-based oestrogens, but it can be contaminated as a result of hormone injections in cattle.19 Some farmers inject their cattle with hormones in order to increase the yield and to make more profit, but this is bad for the (small) people who consume it; that’s why hormone injections in cattle are now banned in the European livestock sector. In the late 1970s, a sudden increase in the use of these substances led to a breast growth epidemic in babies in countries like Puerto Rico and Italy.20,21 Jars of beef-based baby food were found to contain extremely high levels of the infamous and now illegal substance DES: an oestrogen-like substance that was added to cattle-feed to prevent miscarriages in cows, and which ended up in the human system. Thanks to clear public warnings from doctors and researchers, tighter legislation was promptly passed.

Early breast development is not a thing of the past, however. In some countries (Turkey, Denmark, France and Hungary) we are seeing increasing numbers of young children with breast growth.22 Some researchers link changes in the appearance of young children with our modern diets: less bread and potatoes, more vegetarian sources of protein and all sorts of cereals. Over the past years, Dutch people have also started eating around 30 per cent more legumes (mainly soya beans) as meat substitutes.23 Supporters of soya often point to the high life expectancy in Japan and other Asian countries; they view this as irrefutable proof that soya consumption can’t do any harm. What’s often overlooked is the dosage; relative to body weight, an average Japanese woman consumes considerably less soya per day than a western woman. Soya is also often consumed in a fermented form in Asian countries, such as miso, natto or tempeh, which are different substances in biochemical terms. In the West, we may also be consuming soya on a daily basis without realising it, as it is added to processed products. Think, for example, of vegetarian meat substitutes, but also of the waste from processed soya beans (soya-bean meal), which is one of the most important sources of protein for pigs and poultry. While it remains unclear whether these natural endocrine disruptors can be harmful to our offspring,24,25 we must be vigilant. Studies have shown that soya products (in infant formula) can affect the development of the child’s brain.26

At first glance it may seem surprising that we’re unable to draw a clear conclusion, but according to researchers such as Theodora Colborn (see page 60), this is partly because the effects of endocrine disruptors are so difficult to investigate. Many years can pass between a body being exposed to a substance and the externally visible consequences of it, and not everyone who is exposed to a substance develops problems. But the fact remains that the endocrine system is still developing in the womb and during the first years of life, meaning that babies and young children are at greatest risk when they or their mothers are exposed to endocrine disruptors.

The effect of chemicals on our hormones
Theodora Emily ‘Theo’ Decker Colborn (1927–2014) is regarded as the pioneering researcher of the past century in the field of endocrine disruptors. She was greatly inspired by the work of Rachel Carson and during her doctoral research acquired a vast amount of knowledge in the fields of pharmacy, ecology, zoology and toxicology. In the 1980s, she carried out research into the reproductive and developmental problems of various species of animal.27 She showed that these animals had been exposed to high concentrations of phytohormones and synthetic substances, such as pesticides, insecticides, soap-like substances and plastic substances like PFAS. Her research demonstrated that these substances can enter the systems of living beings: animals and people. Even low dosages of endocrine disruptors in our environment and in our food can lead to very serious physical disturbances in the long term, such as the effect on sperm quality in men (mentioned previously). Because people are living longer, Colborn claimed, we would see an increase in endocrine and (auto-immune conditions from the 1970s onwards, and recent studies certainly seem to confirm this. (Read more about this in Chapter 7.)
Thanks to the efforts of Colborn and other researchers, the suspected dangers of endocrine disruptors from the environment are now on the agenda of important organisations such as the World Health Organization (WHO) and the European Union. Teams of experts are busy researching the long-term consequences for humans, animals and the ecosystem.


Plasticisers and pesticides

Endocrine disruptors can be chemical as well as plant-based. Pollutants in plastics, cosmetics, paint and pesticides have been proven to disrupt the hormonal balance. These include the notorious plasticisers,28 which are used, for example, to ensure that rubber and plastic (such as the teat on a baby’s bottle) are supple and flexible.

At the start of the century, German researchers warned of the unhealthy consequences of the ‘scoubidou’ craze, in which children twist lengths of coloured plastic together to make items like friendship bracelets.29 Research showed that these strings contained extremely high levels of plasticisers called phthalates, which can enter our bodies via inhalation and through contact with the skin and the mouth. A few centuries ago, the Swiss doctor Paracelsus established that while a substance may not be toxic to touch, it can be so if your body ingests a substantial amount of it. Phthalates are also less powerful than our body’s own oestrogens. But we should make no mistake: an accumulation of various endocrine disruptors can have a considerable impact on our bodies. And plasticisers are not only found in plastics.

A 2013 study of girls living in a French industrial area, who were exposed to all sorts of chemical substances, including plasticisers, showed that their oestrogen levels were many times higher than those of girls who lived in a different, healthier environment.30 The girls living in the industrial area developed breasts at a young age, including a four-month-old baby with breasts of almost adult proportions. There were so many pesticides (DDT) in the barn on her father’s farm that she had five times as much oestrogen as normal and had already experienced vaginal bleeding on three occasions. Her father and mother were affected too; they reported a dramatic decrease in libido.31 Vaginal bleeding and breast development disappear on their own as soon as those external substances leave the scene, but the long-term consequences are currently unknown.32

Due to their sensitivity, infants are our metaphorical canaries in the hormonal coal mine. Young children are more susceptible to this type of phenomenon, not only because they have the tendency to explore their plastic-filled environment with their mouths, but also because their liver and kidneys, responsible for detoxification, are not yet fully developed. The fact that babies ingest large quantities of liquids and food, relatively speaking, makes them vulnerable. They also have a relatively high fat mass, fat being a favourite storage place for these endocrine disruptors, which are slowly released from adipose tissue, leading to exposure over a longer time. Based on this knowledge and, above all, the unknown long-term consequences,33 it’s important to beware of harmful plastics until research can provide greater clarity.

Fertility problems among boys

Balanced sex hormones are also crucial for the healthy development of baby boys. As with girls, deficits or surpluses of both testosterone and oestrogen have major consequences. Boys with undescended testicles have an increased risk of fertility problems, for example. Whereas both testicles usually descend into their proper place in the scrotum about a month prior to birth, in around one in twenty boys one or both testicles remain undescended at birth. This is known as cryptorchidism: Greek for ‘hidden testicles’.34 As the testicles are usually located in a predictable place in the abdomen and groin, this is relatively simple to detect and remedy with an operation. It is important that this happens when the infant is still young because testicular cells are especially susceptible to temperature. They thrive in the cooler scrotum outside the body. This maintains the quality of the semen, but also prevents unimpeded growth; in the warmer abdominal cavity, the testicle overheats and there is a higher chance of malignant growth. That’s why this medical intervention is usually carried out at a young age – ideally in the first year of life.

People as rarities
Another, much rarer, congenital hormonal abnormality that can occur in very young girls is an excess of their body’s own testosterone – in other words, an excessive production not of female but of male hormones. In the eighteenth, nineteenth and even twentieth centuries, these children often ended up as attractions at fairs and in circuses due to their striking physical characteristics, where they were publicly exhibited in popular freak shows. The film The Greatest Showman tells the romanticised story of P. T. Barnum, a nineteenth-century American circus owner who owed a large part of his success to people with special hormonal conditions. One of the children who was part of Barnum’s collection of rarities at the age of just nine months was the American Annie Jones Elliot.35 She was born with a strikingly hairy face and body, and was billed as ‘The Infant Esau’, a Biblical reference to the extremely hairy son of Isaac and Rebecca. Annie already had a distinct moustache when she was just a few months old and a full beard by the age of five. It’s possible that she suffered from adrenogenital syndrome (see also the story of the first female pope, on page 32).
Other world-famous examples are Julia Pastrana from Mexico and Krao Farini from Laos.36,37 Their stage names – ‘the ape woman’ and ‘the missing link’ (between human and ape) – refer to the presence of exaggerated male features such as excessive facial and body hair. The scientific basis for their symptoms was only discovered years later: they produced huge quantities of testosterone. This is often caused by poorly functioning endocrine organs like the adrenal glands and ovaries.
As knowledge of these conditions increased and the mystery decreased, criticism of these types of exhibits grew. Despite this, a photography project entitled The LA Circus Congress of Freaks and Exotics38 brought performers together as recently as 2007, and the British reality show The House of Extraordinary People also captivated viewers in 2019. Circuses aren’t needed in this day and age: fearless bearded women like Harnaam Kaur, who owes her facial hair to ovaries that produce too much testosterone, can find fame today via social media on their own terms.39


Strangely enough, this procedure barely reduced the likelihood of fertility problems.40 Something was therefore already awry in those boys’ bodies before the operation. The undescended testicles that reduced fertility were clearly the result of an underlying medical condition. After years of scientific detective work, a cause was found: increased exposure to female hormones in the mother’s womb adversely affects the quantity of testosterone.41 Testosterone is responsible for the testicles finding their way to the scrotum, so the shortage of it during pregnancy was what prevented the testicles from descending sufficiently.

Incidentally, the origin of the term testicle comes from an old custom. In Roman times, men would confirm an official promise or oath between themselves by grabbing each other’s testicles. It was also customary for men who had to bear witness in a public forum to do so with their right hand on their scrotum as a sign of truthfulness. The term ‘testicle’ is derived from this ritual: testiculus means ‘witness’ in Latin.42 If you didn’t have any testicles – if you were a man who had been castrated because you had committed adultery, for example – you were unable to testify in court.

This custom is also mentioned in the Old Testament. In the Book of Genesis, Abraham asks his servant Eliezer to put his hand under his thigh to swear an oath. In a more recent example, during the Second World War British spies used existing knowledge about testosterone and testicles to try to subdue Hitler’s aggressive character. They knew that Hitler had only one testicle and that he probably produced less testosterone as a result. As part of a secret sabotage plan, the spies discussed the possibility of adding oestrogen to the Führer’s meals.43 As oestrogen supplements have no smell or taste, the food tasters wouldn’t notice them. For some reason, this plan never materialised and the British hypothesis couldn’t be tested, but considering current scientific knowledge, this experiment could have worked.

How do baby boys incur such an excess of female hormones? As with the baby girls with breasts, through an excess of oestrogenic signals – for example, because the pregnant woman ingests too many phytohormones (plant hormones) through her food. However, less obvious causes such as environmental factors also leave their mark. Pollutants, for example, have been linked to undescended testicles and lower levels of testosterone.44 A Spanish study showed that testicles were more likely to be undescended in boys living in areas with greater pesticide use.45 When this type of chemical was subsequently given to pregnant animals, the male offspring were more likely to have undescended testicles and were less likely to be fertile at a later age.

As with the girls, the same applies for the ‘bad’ plastics: the phthalates. A research study showed that families that lived closest to an acrylic factory in the Hungarian border town of Nyergesújfalu were most likely to have sons with undescended testicles. The far-reaching effect of these plasticisers can also be seen in experimental studies on animals, where 84 per cent of animals exposed to such substances had undescended testicles, compared to none in the control group.46



A disturbance to the male hormonal balance prevents the normal descent of the testicles to the scrotum in the foetus. An overheated testicle can’t produce enough testosterone, which has major consequences. While male hormone levels soar during mini-puberty in healthy boys, they remain low in boys with cryptorchidism.47

The importance of those testicular cells was demonstrated by studies carried out on animals in which descended testicles were actively moved to the abdominal cavity. Within seven weeks, the size of the testicles decreased, as did the production of testosterone.48 The Leydig cells in particular, responsible for the production of testosterone, struggled to withstand the change in environment and temperature – an undesired development with a long-term effect. After all, testosterone not only ensures that the testicles end up in the scrotum, but it also plays a crucial role in this phase in creating the later sperm cells.49

A shortage of testosterone in the first months of life therefore considerably reduces the chances of reproduction. Researchers currently recommend measuring the presence of these important stem cells by performing a biopsy. But if too few are present, all is not lost. The body’s own levels can be supplemented with hormone medication, after which the miraculous reproductive system often finds its way to fertility.50

Hormones make the boy and the girl

This simulated mini-puberty, brought about with the help of additional male hormones, can help boys with undescended testicles. In this early stage, testosterone supplements can also be given to boys who don’t produce enough of it for other reasons. The supplements increase their fertility as well as the size of their genitalia. These boys usually have underdeveloped genitalia, sometimes to the point where they’re barely recognisable.51 Observant parents of healthy boys may also notice short-term growth of the penis in the first six months due to a natural increase of testosterone.52,53

But even if the genital organs have developed as expected, a lack of testosterone can cause the external genitalia to shrink. In that case, the testicles then move slowly towards the abdominal cavity, the scrotum becomes a skin fold and the penis shrinks instead of growing. Treatment with testosterone can restore everything to its ‘normal’ appearance and function.

For some children, early intervention can prevent a sexual identity crisis in later life. We know that it is relatively common for boys with a ‘micropenis’ – shorter than 1.9 centimetres in the first months of life – to change assigned gender. A baby born as a boy can quickly become classified as female as a result. Parents and professionals sometimes have to make the drastic decision to remove the micropenis within twenty-four hours of the diagnosis.

Research carried out on a group of these children between the ages of five and sixteen showed that despite being raised as girls, most of them later identified as men.54 The fact that these children were exposed to male hormones before birth appears to be the main factor as to why they feel male55 and pursue interests that are typically thought of as male (more about this in Chapter 4)56 – irrespective of the sex that was registered at birth.

In exceptional cases, undescended testicles can also lead to serious problems in women. A well-known example of this is the Dutch athlete Foekje Dillema, whose athletic prowess in the early 1950s, especially in sprinting, was possibly due to the fact she had higher levels of testosterone than other women.57 This caused an uproar and raised questions about her actual sex. As Dillema refused to undergo a medical examination, she received a lifetime ban from the Dutch Athletics Union, who claimed she was ‘not a girl’. The dejected athlete didn’t protest, and Dillema didn’t race again for the rest of her life. She was stripped of her personal record for the 200 metres, and she died in 2007 after living a life away from the spotlight in Friesland.58 DNA tests later revealed that she was biologically both a man and a woman (also known as genetic mosaicism), as a result of which she reportedly had small undescended testicles in her abdomen.59

Boys vs. girls: Behaviour in play

So far we have mainly discussed the physical aspects of a hormonal imbalance in early childhood. But hormones also have a significant influence on our behaviour through all the phases of life. Just think of the behavioural changes in your average teenager. Most women would also agree that their mood is influenced by their menstrual cycle. So it wouldn’t be too far-fetched to assume that the hormonal storm during mini-puberty can also mould the toddler’s brain,60 especially because it takes place during a period of intensive brain development.61 We sometimes refer to ‘the terrible twos’ or ‘threenagers’, but besides difficult, headstrong behaviour, it seems that some stereotypical behaviour can also be attributed to sex hormones and mini-puberty.

I already mentioned that mini-puberty differs between boys and girls in physical terms, but clear differences can also be seen in social terms. An example of such gender-typical behaviour is the way in which girls and boys play, where the connection between gender and a natural preference for certain activities is even more evident.62 There is no doubt that it is, to a large extent, pre-programmed in our brain, as Dick Swaab explains in his book We Are Our Brains,63 but hormones can certainly play an influential role in how the brain develops during and after birth.

Many parents observe that toddler and pre-school girls generally prefer playing with dolls and toy kitchens, whereas boys are naturally more drawn to aeroplanes and construction kits. Of course, such a preference can’t be detached from the child’s environment and the toys that are on offer, but the blueprint already seems to be partly ingrained via our hormones. Girls with more male hormones tend to favour toy cars, despite encouragement from their parents to play with ‘typically girly toys’.64 How toddlers play and what they play with is not only related to hormone production at that time, but it can also be determined by hormonal fluctuations they experienced as newborns. A Finnish study demonstrated, for example, that fourteen-month-old boys with higher testosterone levels during mini-puberty showed significantly less interest in dolls, whereas higher levels of testosterone in the girls led to a fascination for toy trains considerably more often.65

English researchers took penile growth in the first three months after birth as an indication of early exposure to testosterone in boys and saw a link with more ‘boyish behaviours’ during toddlerhood, such as rough-and-tumble play and climbing.66 The timing of these hormonal surges plays a striking role here too. There was no correlation between the growth of the genital organ after the first three months of life and typically boyish interests at a later age.67 An effect on behaviour and brain therefore seems to be limited to exposure to sex hormones during the first months of life.

Besides play behaviour, the curiosity of young children for their environment also appears to stem from hormonal fluctuations during mini-puberty. The aforementioned anti-Müllerian hormone (AMH, see Chapter 1), produced by the testicles to ensure the male foetus doesn’t develop any female sex organs, stimulates curiosity for new environments. Research with rhesus monkeys revealed that male young with higher levels of AMH in their blood were more likely to go off exploring away from the safety of their mothers than their brothers with lower concentrations of this hormone, or their sisters, who naturally have lower levels of AMH in their blood.68 This can be explained from a biological point of view; in the animal world, males often have to leave the nest to form their own family. Females have a different survival strategy and therefore invest more in mutual interaction with peers.69 The tendency – in the human world – for boys to wander the streets with friends and girls to sit in their rooms chatting with friends could therefore simply have a hormonal basis. Social conditioning plays a major role too.

Autism and IQ

An insight into mini-puberty can explain more than innocent preferences like these. It may also help us gain a better understanding of conditions that are more prevalent in boys than girls, such as autism. Autism goes hand in hand with poor social skills and communication disorders: suspected characteristics of an excessive masculinisation of the brain.70

There does appear to be a connection between exceptionally high concentrations of testosterone during mini-puberty and scores on autism screening questionnaires. Results from a study carried out in New Zealand found a connection between the level of AMH (and inhibin B, which inhibits the production of sperm cells) and the number of autistic traits in boys.71 Research into the link between mini-puberty and specific conditions is still in its infancy. Due to the complex interplay of timing and hormone levels, it will take a while before hypotheses can be verified. What we do know is that the early hormonal circus influences the young human body in myriad ways.

Even IQ levels appear to be linked to mini-puberty. Long-term research carried out on boys with undescended testicles shows that a shortage of testosterone at an early age reduces the effectiveness of the genes involved in memory and other cognitive functions.72,73 This could partly explain why boys who do not go through mini-puberty because their testicles have not descended often perform worse at school. Early oestrogens could therefore form the basis for a flair for languages74 and communication skills, and androgens (the collective name for male sex hormones) for spatial awareness.75

Mini-puberty offers great opportunities

Considering the influence it has, it is surprising that so little attention is paid to mini-puberty. If you search for ‘puberty’ in scientific literature, not even 3 per cent of articles deal with the first few months and years of our lives, when our sex hormones surge. This is an oversight, as there is still a huge amount to be investigated and gained in this field. A good hormonal balance in this early phase of life could have an even greater impact on our physical and mental development than during ‘real’ puberty, when not only the sex organs but also the brain are already formed.

The discovery of the existence of mini-puberty also opened up doors for the detection of serious conditions at a very young age. A shortage of sex hormones in a newborn can, for example, signal a general problem in the pituitary gland. In the past, a defective pituitary gland often went unnoticed, with all sorts of complaints – and sometimes even a fatal outcome – as a result. If doctors can better recognise the signs of a lack of mini-puberty, they can also detect and treat an underperforming pituitary gland more quickly, thereby decreasing the likelihood of illness and death.

As well as its importance for the health of babies and toddlers, a better understanding of mini-puberty could also help treat conditions in adults. Think, for example, of the mysterious, persistent fertility problems following the surgical treatment of boys with undescended testicles. Some (dangerous) endocrine diseases that affect the elderly, caused by the overproduction of hormones, also have a variant that affects babies. A greater insight into the difference between the two variants could generate new treatment methods. To sum up, there are major medical opportunities in store if more scientific attention is paid to mini-puberty.



And what can we, as parents of young children, do in the meantime? Disturbances to the hormonal balance of toddlers and pre-schoolers appear to influence so many aspects of adult life that it’s crucial to look critically at diet and environment. Make sure you don’t feed your young daughter too many of those plant-based oestrogens and that she doesn’t chew on bad plastics too often. And if your baby boy has undescended testicles, ensure that he is operated on as soon as possible after birth.

Things seem to settle down a bit in the years after mini-puberty, at least in terms of hormones. We still don’t know a lot about that, so there’s not much to say about hormonal fluctuations and the effects of endocrine disruptors in the period from four to ten years of age: the calm before the storm of real puberty.


3 

Growing Pains and Butterflies

Puberty

One sunny afternoon, Amy comes into my consulting room in the outpatient department at Amsterdam University Medical Center. She’s thirty-two years old and relatively tall for a woman, at six-foot three. Amy has been sent by her husband, who noticed changes to her face. Over the past few years, her nose and ears have grown distinctly bigger and her chin more pronounced. Amy explains that her feet have grown too and that she has difficulty speaking, as if her tongue is too big. She is really concerned now that her periods have stopped and she has started bumping into things, as if her right eye isn’t working properly. She is also experiencing problems at work; she is often so tired that a full day’s work is virtually impossible.

As an endocrinologist, these symptoms ring alarm bells. Further examination and a brain scan confirm my suspicions – Amy has a tumour in her pituitary gland that is producing too much growth hormone. The tumour is so large that it is pressing against the other parts of the pituitary gland, which is involved in reproduction and energy metabolism. This explains her loss of bodily functions. This is a clear example of how harmful overproduction of hormones can be for your whole body.

Everything turns out all right for Amy; an operation on her pituitary gland returns her growth hormone to the desired level. Her periods return, and she recently gave birth to a healthy baby boy.



Amy’s case doesn’t seem like a logical start to a chapter about puberty, but her story is enlightening. The tumour set all sorts of processes in motion in her body that also take place in puberty, although in puberty these processes happen in a natural and healthy way. Under the influence of growth hormone, adolescents grow. And soaring reproductive hormones cause them to develop sexually and to act more impulsively.

‘Adolescence is a new birth, for the higher and more completely human traits are now born,’ the evolutionary psychologist Granville Stanley Hall (1844–1924) wrote.1 Growth takes centre stage during this period, which is why we use the word ‘adolescence’ (from the Latin adolescere, meaning ‘to grow up’) to describe that age. However, when it comes to developing from child into self-sufficient adult, there’s more to it than simply getting taller. During puberty, a child also becomes fertile and their behaviour changes. It is likely that reproductive hormones and pheromones subconsciously play a much bigger role in our reproduction than we previously thought. Let’s first look at how this fertility comes about.

The start of sexual development

On average, puberty starts between the ages of eight and fourteen, but this hasn’t always been the case. The age of onset of puberty is dropping steadily.2 In the 1980s, the paediatrician Marcia Herman-Giddens revealed the shocking research findings that the first signs of a developing reproductive system were being seen ever earlier in both girls and boys.3,4 It is hard to imagine, but the average age that a girl started menstruating (as the onset of puberty) in 1860 was 16.6 years. Studies from the seventeenth and eighteenth centuries show that it was completely normal for menstruation to start only around the age of twenty.5 Herman-Giddens was not the first to observe a shift in the reproductive age, and put it down to our changing diet, exposure to environmental pollution, chemicals and a high level of social stress. Which factors really influence the onset of puberty? People have been racking their brains about this for centuries.

When writing about animal reproduction in one of his major texts, De partibus animalium (‘The Parts of Animals’), the Greek philosopher Aristotle (fourth century BC) suggested that we have the power to influence the timing of fertility in humans.6 Contrary to today’s view, a delayed onset of puberty was long considered a problem. To speed up the onset of puberty, women were encouraged to talk, kiss or engage in sexual activity with male peers. Almost four centuries ago, the British scientist Francis Bacon claimed that accelerated puberty was due to ‘innate heat’: early maturity as a result of warm environmental temperatures. As proof of this, he referred to the fact that girls in Spain and Turkey started their periods at a younger age than those in the Netherlands or Sweden. His claim was supported by the seventeenth-century doctor Georg Friedrich Rall, who had noticed that prostitutes started menstruating at a younger age. He claimed that this was because they had a ‘warmer temperament’ with men around.7

The idea that a higher body temperature accelerates puberty remains a theory. One thing we do know is that over the past few centuries, our body temperature has decreased by about half a degree on average.8 Hard physical work also contributes to a later onset of puberty. Women in the seventeenth, eighteenth and nineteenth centuries who carried out hard physical labour and had a lower body weight often started their periods considerably later than their well-nourished peers from higher social circles.9

In the eighteenth century, the French philosopher and writer Jean-Jacques Rousseau claimed that direct contact with the other sex wasn’t necessary; romantic literature or music could also hasten the onset of menstruation. Livestock farmers must have agreed with him. With sheep and pigs, a male of the same species is often brought in to a group of female animals to stimulate their fertility. Physical contact is superfluous, since the pheromones do their job via the air, as mentioned earlier.10

Pheromones were also the subject of research carried out by psychologist Martha McClintock in 1971. She stumbled upon the phenomenon of ‘menstrual synchrony’, whereby the menstrual cycles of women who live together in close proximity start to synchronise under the influence of pheromones.11 Despite a barrage of criticism about the interpretation of the results, her research put pheromones in the spotlight of the press. Further research revealed that odourless moisture from the armpits of women in the fertile phase of their cycle influenced the hormone levels of other women who were exposed to it.12,13 The synchronisation of menses in women who live in the same household has admittedly not been fully proven in scientific terms, but it may well be recognisable to female readers.

Bach and ever-earlier puberty in boys
Lots has been written about the age at which girls get their first period and their hormonal maturation begins. But what about boys? This knowledge remained hidden for years until, in the 1960s, the medical historian S. F. Daw from the University of Oxford thought to look in an unexpected place: among students of Johann Sebastian Bach.14 The famous German Baroque composer worked at St Thomas School in Leipzig between 1723 and 1750, where he led a number of boys’ choirs. This boarding school took the musical activities of its pupils very seriously and meticulously noted down which pupils sung the high and low parts. Daw discovered that this depended on whether or not the pupils’ voices had broken. Sopranos’ voices had not yet broken, altos were in a period of transition and tenors’ and basses’ voices had already broken.
While voice-break cannot be taken as the start of puberty, it does give an indication of the average age this period begins: sixteen-and-a-half to seventeen years. When Daw published his study in 1970, English boys’ voices broke at the average age of 13.3 years, down from 18 years at the start of the eighteenth century, and their puberty started even earlier. This suggests that the onset of puberty in boys, like girls, is constantly falling.


It is clear that many factors influence our complex endocrine system. This makes it difficult to establish the exact role they play in the early onset of puberty.

Raging hormones and doing stupid things

During puberty, your body changes, but so too does your behaviour. The Dutch professor Jelle Jolles offers parents a helping hand when it comes to dealing with teenage children in his book Het tienerbrein (‘The Teenage Brain’).15 In it, he advocates creating conditions for personal growth, so teenagers can gain new experiences within set boundaries. His advice is: be a coach who provides feedback and inspiration, as opposed to a referee. And keep talking to your children, even if it sometimes feels like a one-way conversation.

It’s unsurprising that people associate adolescence with a certain kind of behaviour; the teenage years go hand in hand with a bomb of sex hormones, whereby testosterone and oestrogen start surging through the adolescent body. Spots, body odour (sweat!), sudden beard growth, emotional instability and not knowing what to do with your limbs that have grown out of proportion (let alone the first wet dream) – does this all sound familiar? Those raging hormones don’t generally make adolescence an easy period, but like all natural processes, these ups and downs have an important function for the development of your brain and the rest of your body.

Puberty is the period in which you sexually ‘mature’. Oestrogen stimulates breast development and menstruation in girls, whereas testosterone triggers beard growth, the production of sperm cells and muscle mass in boys. Mother Nature still sees having and raising children as one of the main tasks of our time here on earth, so it’s essential to be both physically and mentally prepared for the responsibility. As not all parts of the brain develop at the same rate, you lose your balance during puberty; the activities of your emotional ‘reward centre’ (limbic system) and your rational ‘planning centres’ (prefrontal cortex) are not aligned. Put simply, your mind is less active than your emotions. The bigger the difference between the two, the more impulsive and the riskier the adolescent’s behaviour.

Impulsivity is an interesting issue for researchers all over the world. In the documentary Braintime (2016), the developmental psychologist Eveline Crone asks how it makes sense for a brain that is developing to simultaneously do ‘stupid things’.16 While it’s not only adolescents who favour short-term pleasure and make illogical decisions, adolescence is the period in which addiction problems can arise.

Hormones seem to hold sway here too. More testosterone in the blood (in boys and girls) stimulates the already-active reward centre. In the brain testosterone impairs the connection between the gland involved in recognising danger and the region that helps make decisions.17 An American study showed, for example, that adolescent girls (between the ages of ten and fourteen) took more financial risks as the testosterone levels in their blood increased.18 In a different study, adult men were administered testosterone. These men were more likely than members of the control group to make incorrect intuitive decisions as opposed to well-considered ones.19

Risk-taking, experimentation with alcohol and drugs, and other ‘socially undesirable’ behaviours in adolescents can be partially explained by those rising testosterone levels. Testosterone has a huge impact; research shows that even exposure to testosterone during pregnancy can have far-reaching consequences. The higher your testosterone levels as a foetus, the more risks, including financial ones, you are likely to take when older.20



It’s important to view adolescent behaviour as a natural process and not to respond to it with punishment or criticism. That said, we know it’s not just biological factors and upbringing that influences the behaviour of teenagers but also the culture in which a child grows up.21 When the American anthropologist Margaret Mead studied the behaviour of young people in Samoa, a Polynesian island, in the 1920s, she concluded that teenagers behaved differently in that culture and that the above-mentioned stereotypical behaviour was not universal; that it perhaps depended more on ‘nurture’ than ‘nature’, though it’s worth adding that Mead’s methodology was highly controversial.



Perhaps it puts things into perspective to know that impulsive behaviour is not just a product of our times; increasing levels of ‘problem behaviour’ appears common to all eras. At the start of the sixteenth century, the French poet Bourbon wrote, ‘A thirteen-year-old boy today is more deceptive and engages in more questionable practices than ten burly boys from our parents’ day and age. The same can be said of girls. What could be the cause of this? Children today are maturing earlier.’22

We must also ask ourselves whether the impulsive behaviour is really so undesirable in adolescents. This may be the case in the short term, but in the long term, unruly adolescents tend to be more helpful and get more pleasure out of cooperating with others when they are older. Perhaps socially desirable behaviour can develop more in a brain left to grow and explore boundaries. Try looking at a difficult, contrary child that way. They might just be practising their emotional intelligence.23

The marshmallow experiment: about impulsivity in children and adolescents
In the mid-1950s, the clinical psychologist Walter Mischel made a chance discovery. He was staying in a region with people of East-Indian and African-American descent, who accused each other of greed and impulsivity respectively. Mischel wondered whether these groups did, in fact, differ in their ability to delay gratification. He carried out an initial version of the now-famous marshmallow experiment.
Children of various ages were offered a marshmallow. He gave them two choices: you can either eat the marshmallow immediately, or wait a couple of minutes and you will get two. Not all children (of the same age) were equally capable of delaying gratification. The clips that can be found online show some children stuffing the marshmallow into their mouths immediately, while others sit on their own hands so they can’t touch it.24
Upon returning to the US, Mischel standardised his marshmallow test into a fully-fledged experiment, which he carried out at his daughters’ primary school in collaboration with Stanford University. Years later, he determined that the children who were able to delay gratification (and resist the marshmallow) were slightly more successful at school and in their careers when they were older. Although recent repeat experiments have shown that these conclusions might not be as clear-cut as initially thought, this test still captures the imagination today.25 This has led, for example, to a socially responsible episode of Sesame Street, in which the Cookie Monster teaches self-control (see YouTube: ‘Me want it, but me wait’). You can even buy T-shirts with the slogan DON’T EAT THE MARSHMALLOW on them!


Butterflies and heartbreak: sexual attraction

You may have noticed that adolescents can consume huge quantities of food without gaining weight. This is remarkable, especially because they tend to love junk food and sugary drinks.26 Even after having wolfed down their dinners, my teenage kids complain that they are still hungry and grab a packet of crisps.

Besides an insatiable appetite, other processes also take place in their stomachs: namely butterflies when falling in love and nausea when experiencing heartbreak. The cuddle hormone prolactin and the mood hormone serotonin play a key role here. Ninety-five per cent of the body’s serotonin is produced in the gut and can influence the movement of the intestines as well as gut feeling.27

Sexual attraction mainly takes place via your body – your brain doesn’t have much say in the matter. The assumption that the man is often the seducer is questionable. A woman can also use her body language to show that she wants to be seduced. That’s how the married couple Allan and Barbara Pease explain all sorts of non-verbal cues that women transmit in their book Why Men Don’t Listen and Women Can’t Read Maps.28

Our pheromones and hormones play an important role in this ‘dance of love’. During flirtation and seduction, the dopamine level in your blood rises.29 This focuses your attention, increases your heart rate, improves your mood and makes you feel good about yourself. The stress hormone cortisol also plays a role in seduction, and it has a different effect in men and women. If you are a woman with a high level of stress hormone in your blood, you are less receptive to attempts of seduction, whereas stressed men are more open to it; perhaps through the prospect of lovemaking as a quick way to relieve stress.30

And then there’s the first kiss, which is also crucial for what happens next. Besides dopamine, kissing also releases oxytocin, which provides a pleasant feeling. But that doesn’t mean that everything is all right. A recent, large-scale study showed that 50 per cent of women who were first attracted to a partner on the basis of appearance lost interest after a few kisses.31 While only 15 per cent of women indicated that they would want to have sex with a man they hadn’t kissed, most men reported that they wouldn’t have a problem with a sexual partner whose saliva they hadn’t yet tasted. This difference can be explained by the different types and concentrations of hormones in the saliva of men and women. Under the influence of oestrogens (involved in the menstrual cycle), women can send messages about their fertility via their saliva. Around the time of ovulation, for example, saliva contains more sugar, so a woman’s kisses literally taste sweeter at this time.32 Men who smell vulvar and axillary (underarm) odours collected from women around the time of ovulation have higher levels of testosterone in their saliva within one hour,33 which increases their sexual desire. In both cases, the exchange of saliva through kissing can encourage the subconscious mind to reproduce.

Women therefore appear to use kissing primarily as a way to help them find a suitable partner. This evolutionary trick works as follows: a woman instinctively chooses a man who forms the best genetic match with her so that they can create as many healthy offspring as possible.34 This is a partner who has different genetic features as this will make the offspring stronger. In order for the profiles to be a good match in genetic terms, nature enlists the help of pheromones.

This is an example of wonderful teamwork between the belly, hormones and brain, even if the contraceptive pill appears to impede the ‘right’ pheromone-driven choice of partner in women. Unfortunately we don’t yet know exactly how this interference works.35 And what are we to make of the effects of all the advertisements for fragrances that make you irresistible, passionfruit shower gels, and deodorants that stop you sweating for forty-eight hours? These developments make picking up on the cloud of pheromones a mission impossible. No longer being able to smell the person beside you on the rush-hour train is all well and good, but weigh this up against the consequences of a poor choice of partner. ‘Fewer divorces thanks to limited deodorant use’ would make a great headline, but of course it’s all much more subtle than that.36 After all, character traits are much more important motives for choosing a life partner than biology.

The importance of growth hormone

An important characteristic of puberty is the growth spurt. The responsible hormone (human growth hormone or HGH) is one of the most recently discovered hormones; its existence was only uncovered in 1955, in Professor Choh Hao Li’s lab at the University of California.37 Li discovered eight of the nine major hormones produced by the pituitary gland, including follicle-stimulating hormone (FSH) and luteinising hormone (LH), both mentioned earlier. Growth hormone is less important in adulthood, but it plays a crucial role in puberty. This hormone, produced by the pituitary gland, ensures that a newborn baby measuring twenty inches grows to the size of an adult. With an ultimate height of between five and six-and-a-half feet, our height triples or quadruples in the first eighteen years of our lives.

When you’re young, growth hormone ensures you grow in height by sending out signals to the growth plates in the long bones of your skeleton. In adults, growth hormone plays a different role. It helps you burn a high-fat meal more easily so you don’t gain too much weight.38 It also converts glycogen into glucose, thereby raising your blood sugar level and releasing energy. Growth hormone also increases your muscle mass, supports heart function and wound healing, and even has a positive effect on your mood.

And, as we saw earlier, everything is interconnected where hormones are concerned. If too little growth hormone is produced, your growth can stagnate and your muscle mass can decrease. This, in turn, influences your metabolism (how your body gets energy from the food you eat) and increases the likelihood of developing illnesses such as type 2 diabetes. Organs may start functioning less effectively as a result. In adults, this can lead to weight gain, less muscle strength, fatigue, weaker bones and high cholesterol. Research has shown that good sleep, plenty of exercise and fasting can positively influence the release of growth hormone and that stress has the opposite effect.

To return to height: children grow throughout their youth, but the biggest acceleration in growth is seen in the teenage years. In this period, more growth hormone is found in the blood. The pituitary gland sends growth hormone to the bloodstream in surges, about six times a day, with the highest levels observed at night. This is responsible for the growth spurt and the associated growing pains. In the Netherlands, women grow to an average of five-foot seven and men to six feet, making the Dutch among the tallest people in the world. This hasn’t always been the case; until a hundred and fifty years ago, they were among the shortest Europeans.39 What caused this change? It can perhaps be explained by the increased consumption of dairy products, as promoted by the government (children in western countries have been given milk at school since the 1950s). Frequent consumption of cows’ milk has, in fact, been shown to increase levels of growth hormone in children.40 Height also has a genetic advantage; taller, and therefore more muscular men are more attractive as partners from an evolutionary point of view and are also more fertile than their shorter peers.



In the event of normal growth, HGH is therefore released in surges. A continuously elevated level of this hormone is unusual. This is only seen if there is a tumour in the pituitary gland, as was the case with Amy. If this happens at a young age, the bones have not yet grown fully and the result is gigantism (more about this later). If excess growth hormones are emitted after puberty, we refer to this as acromegaly (enlarged limbs). This often leads to abnormally large hands, feet, jaw, nose and ears – features utilised by the Dutch actor Carel Struycken (seven feet tall and shoe size 18.5) for his role as Lurch in The Addams Family. This excessive growth disorder is present in around six in every hundred thousand people. While it’s a rare condition, it’s not uncommon among certain groups, such as basketball players, who are often selected for their height.41 But it’s not always possible to determine whether or not someone suffers from acromegaly based on their height alone; a hormone test is needed for this.

Gigantism is an extreme growth disorder that has been documented since ancient times. In the Periplus, the Ancient Greek version of Google Maps from around 6 BC, used by seafarers to find their way safely along the Atlantic coast of Europe,42 the author describes the mysterious island of Albion, where an army of powerful women lived who reproduced with evil spirits and gave birth to giant children (‘the sons of Anak’). The giants inhabited the island for hundreds of years, until Brutus of Troy arrived. Together with his soldiers, he conquered his ‘Britainnia’ by throwing the leader of the group of giants, Gogmagog, off a cliff. Brutus then founded New Troy. Albion is now known as Great Britain, which owes its name in part to Brutus, and New Troy is known as London.

Britain isn’t unique when it comes to imaginative stories about giants. Think, for example, of Goliath, the giant from the Bible who fought David, and of the children of Anak (‘long neck’) in Canaan. Hereditary gigantism was also seen in Roman imperium families.43,44 The fact that there were really tall people all over the world has been proved by archaeological discoveries of human skeletons. Interestingly, all of these skeletons have a strikingly large sella turcica in the skull, the protective depression in which the pituitary gland is located. Perhaps these giants, like Amy, had enlarged pituitary glands, as a result of a tumour, that produced too much growth hormone.

The connection between gigantism and a malfunctioning pituitary gland was established after analysing the skeleton of the Irishman Charles Byrne, who was seven foot seven inches tall.45 Byrne lived in London between 1761 and 1783 and performed at fairs as a type of ‘Big Friendly Giant’. Like most giants, he died young, at the age of twenty-two; after his death, his skeleton was exhibited to the public in a museum. A good century later, this enabled the neurosurgeon and endocrinologist Harvey Cushing to diagnose his condition: according to Cushing, the gigantism caused by a tumour in the pituitary gland.

What’s striking is that all of Charles Byrne’s descendants were also extremely tall. We had to wait until 2009 for genetic proof that this type of gigantism was hereditary. Márta Korbonits, a professor of endocrinology in London, noticed that gigantism was more prevalent in Irish people who lived near Charles Byrne’s place of birth. Márta and her research team isolated Byrne’s DNA from the teeth of the skeleton, which was more than two hundred years old – a highly complex, technical undertaking. They then compared this DNA with that of the descendants of Charles Byrne who were still alive and… bingo! They found a deviation in the DNA that was responsible for the exceptional height of the entire family.

It is unclear whether this mutation also played a role in the case of the Dutch girl Trijntje Keever (1616–33), nicknamed ‘The Big Girl’. With a height of eight-foot four at the age of seventeen, she is the tallest woman ever documented.46 We do know that Rigardus Rijnhout, nicknamed the ‘Giant of Rotterdam’ (1922–59), had a tumour in his pituitary gland. Weighing seventeen-and-a-half pounds at birth, he grew to a height of seven-foot nine inches, wore shoe size 29 and ended up weighing thirty-six stone! A statue of him was erected in Rotterdam in 2011.47 The American Robert Wadlow, a contemporary of Rijnhout, is the tallest man ever, according to the Guinness Book of Records, which records his height as eight-foot eleven.

Sleeping, exercising, eating and fasting

In the hormonal traffic, nighttime is rush hour. During deep sleep, our muscles relax, our blood pressure decreases and our breathing slows down. It is a phase of growth and recovery; new cells are produced and energy levels are replenished. It is predominantly during the deep, slow-wave sleep that growth hormones are delivered to the blood. It’s just a shame that your typical adolescent isn’t a fan of getting an early night. That said, considering most young people disregard virtually every unwritten rule about sleep, they often function surprisingly well.

The Grand Grenadiers of Potsdam
In the mid-seventeenth century, the Prussian King Frederick William I was fascinated with exceptionally tall men – possibly because he was on the smaller side himself, measuring a stocky five-foot two inches. In 1668, he therefore put together a regiment of the Prussian army made up of recruits who were at least six-foot two inches. The Grand Grenadiers of Potsdam (also known as the Potsdam Giants) grew into a group of 3200 soldiers from the Ottoman and Russian army.48 Friedrich attempted to marry off the men to tall women to create a race of giants. In 1740, after the king died, his son Frederick the Great disbanded the regiment. He was not convinced about an army of ‘Long Guys’, especially when it emerged they had never fought in a war.


This may be due to the fact that those slow waves predominantly occur in the first three hours of sleep in young people. A good quality of sleep in this short period is therefore, in principle, sufficient for recovery and for building muscle tissue. But you have to sleep in accordance with your biological clock, whose timings shift a fair bit during puberty. An adolescent who doesn’t go to bed until late at night can sleep as long as they like, but because the quality of sleep they are getting is poor, their production of growth hormone is impacted.

The use of tablets and smartphones during evenings also throws a spanner in the works.49 This creates a different sleep pattern and inhibits the production of melatonin (sleep hormone) from the pineal gland, which in turn inhibits the production of growth hormone.50 Could this be one of the reasons why, for the first time, we are seeing a generation of Dutch people smaller than their parents?51

Physical activity also naturally stimulates the production and release of growth hormone. Movement stimulates muscle and cell growth, which in turn ensures that the adolescent’s bones are strong. For young adults, running or jumping is more effective than walking or swimming.52

In the 1980s, athletes discovered that growth hormone supplements could improve performance and decrease the risk of long-term injury. Although the evidence was weak – unless the hormone was used in combination with testosterone – synthetic growth hormone became extremely popular with athletes and bodybuilders. In 1989, the International Olympic Committee listed human growth hormone as a banned substance, but because of a lack of effective screening opportunities (growth hormone cannot be detected in urine and can only be detected in blood between twenty-four and forty-eight hours after an injection), its use did not decrease. In fact, the 1996 Summer Olympics in Atlanta were nicknamed the ‘Growth Hormone Games’ due to the abundant use of human growth hormone during the event.53



Besides sleep and exercise, fasting is also a powerful stimulus for the increased production of growth hormone.54 This may seem contradictory – why would a body grow without sufficient fuel? If your stomach is empty, ghrelin – also known as the ‘hunger hormone’ – is produced. The higher the level of ghrelin, the greater your appetite and sense of hunger. The name ‘ghrelin’ comes from growth-hormone-releasing peptides. What ghrelin does (among other things) during short-term hunger is boost the production of growth hormone,55 increasing your blood sugar level and releasing energy to repair your body.

A popular type of fasting is intermittent fasting.56 This is where you restrict the number of hours in which you eat during a day. You might, for example, fast from eight in the evening until noon the next day. More and more people are attempting long-term fasting based on various alleged health benefits (although these have not yet been scientifically proven). Although moderate fasting has a positive effect on the production of growth hormone, the negative effects of extreme fasting can be seen in patients with anorexia. People with anorexia, who are often young, eat very little out of fear of gaining weight. As a result, they end up with chronic deficiencies and serious disturbances to their metabolism, including that of their bones and blood sugar levels,57 comparable with the effects that the Dutch ‘hunger winter’ of 1944–45 had on the human body.

Stress

While acute physical ‘stress’, as caused by intensive exercise, produces more growth hormone, long-term psychological stress can lead to a shortage of it. Children who experience chronic stress can fall behind in terms of their growth.58 This rare condition is referred to as ‘psychosocial dwarfism’ – delayed growth without a physical cause – and occurs in children up to around the age of fifteen who grow up in a stressful environment, such as around domestic violence. This form of dwarfism is relatively unknown in the medical world, but is a feature of various fictional stories and films. In Victor Hugo’s Les Misérables, for example, the eight-year-old Cosette is as small as a four-year-old due to her dreadful childhood, but she starts growing again once Jean Valjean adopts her.

Even if you try to ‘turn on’ the production of growth hormone in these children by synthetic means, the pituitary gland doesn’t respond well. What does help is moving the child to a different, less stressful environment. If that happens, the hormone levels can recover, sometimes within just three weeks.59

If the cause of the growth hormone deficiency is physical, the shortage can be offset with synthetic growth hormone, but that has to be carried out carefully.

Around 1960, the aforementioned Professor Li, who discovered growth hormone, managed to filter growth hormone from the pituitary gland of human corpses. This somewhat gruesome method was used to obtain exogenous growth hormone until as recently as 1985. At that time, injecting children with growth hormone was seen as harmless and was carried out on a relatively large scale but, as is often the case in medical history, it was not without its consequences. The injections resulted in an increased risk of bowel cancer and the fatal Creutzfeldt-Jakob disease, as the disease was transferred to healthy recipients via the pituitary glands of donors who had succumbed to it.60 Since then, doctors have switched to safe, biosynthetic variants developed by pharmaceutical companies, which are identical to the growth hormone that children produce themselves.



Growth hormone is an important hormone for children, and for burgeoning adolescents in particular. A shortage of it is apparent when growth is delayed, whereas too much of it can lead to gigantism. But the more subtle disorders related to growth hormone levels are harder to spot. What you can do as a parent is try to establish a number of simple rules for your teenager to follow: sufficient, good-quality sleep, daily exercise (half an hour a day), a varied diet, limited screen time before bed, and the avoidance of chronic stress (relaxation). As a father of three adolescents, I can only wish you the best of luck!

In the next chapter I will look more closely at how the interplay between hormones and brain development can determine our personality and even our preferred gender.


4 

Homosexuality and Transgender People

About the Influence of Hormones on Our Gender Identity and Sexual Preference

Herman is a 45-year-old man from the tip of the Dutch province of North Holland. At a height of six-foot five and with a muscular physique – he has been a farmer virtually his entire life – he cuts an imposing figure. Manlier than manly, you might say: his handshake stings for a while in the palm of my hand after he enters my consulting room. In the safety of that space he explains that he has felt like a woman his entire life. He dislikes rough sports and has never played football. At home on the farm he wears women’s clothes; that’s the only time he ever feels at ease.

After his children flew the nest he decided to be true to himself and undergo gender reassignment surgery. He has the full support of his wife, who has also come with him to Amsterdam.

I first met Herman in 2010 during my endocrinology placement at the VU University Medical Center, now part of Amsterdam University Medical Center, which has become a leading authority in the field of transgender healthcare. Many stories like Herman’s can be found in Alex Bakker’s Transgender in the Netherlands, which is well worth a read.1 A common feature in these stories, covering the past seventy years, is a feeling of being born in the wrong body, also known as ‘gender dysphoria’, and the ensuing psychological distress.

As human beings were traditionally divided into two sexes – male and female – binary thinking was dominant for a long time. A man was defined by having XY chromosomes, a penis and testes, a certain body composition and lots of testosterone, whereas women had the following characteristics: XX chromosomes, a vagina, ovaries, a womb and the presence of lots of oestrogen. This distinction was based on sex hormones. Sex refers to the biological difference between people, i.e. the physical characteristics with which someone is born, whereas gender includes the cultural and psychological aspects of what it means to be a man or woman.2 A common explanation is: sex is what’s between your legs and gender is what’s between your ears. Intersex is the biological term for a body with both male and female sexual characteristics, like that of the runner Foekje Dillema or the Dutch rock star Raven van Dorst.

This binary thinking led to the assumption that transgender people (people whose gender identity or experience doesn’t correspond with their biological sex) and homosexual people (people who are attracted to people of the same sex) display unnatural behaviour. But a look at nature sheds a different light on the matter.

In the animal kingdom, around 5 to 6 per cent of populations display an interest in a partner of the same sex. Homosexuality has been widely documented in more than 65,000 animal species, including birds, insects, primates, dolphins and the penguins at Amsterdam’s Artis Zoo, all of whom display regular sexual behaviour with members of the same sex.4 But the difference between homosexuality in humans and animals is that animals that exhibit homosexual behaviour often reproduce with a member of the opposite sex.5 In the plant world, hermaphroditism is the norm.6 Certain animal species, like the clownfish featured in the Disney film Finding Nemo, can switch sex during their lifetime. Sea bass can even assume both sexes. According to biologists, they do this to prevent the group from consisting of too many males or females: an imbalance which would threaten their survival.7 There are plenty of examples in nature of animals adapting their behaviour under the influence of various sex hormones.

Gender fluidity among humans is known all over the world and has always existed, the London-based historian Alicia Spencer-Hall claims in Trans and Genderqueer Subjects in Medieval Hagiography (2021).8 According to Spencer-Hall, there are examples of men becoming women and vice versa all over the world. In contrast to the gender binary, the Bugis people from the Indonesian island of Sulawesi recognise five genders: cisgender men and cisgender women (whose gender identity corresponds with their sex at birth), transgender men and transgender women, and intersex people, reserved for spiritual leaders like priests or shamans. Spencer-Hall also describes a monk, Brother Joseph, who lived as a transgender man almost eight centuries ago and was declared a saint by the Church. How differently things turned out for Pope Joan (see Chapter 1).



In this chapter I will first discuss the biological background of gender identity before looking at how our sexual orientation is formed. I will end by discussing our relationship with our sex hormones.

When he’s a she and she’s a he

It’s estimated that 0.3 to 0.6 per cent of the western population is transgender, with more transgender women (women who were born as men) than transgender men.9 In total, there are around fifty thousand transgender people in the Netherlands who have accessed medical health care, but it’s not known how many have had gender reassignment surgery.

Since the 1980s, the level of acceptance towards transgender people in most countries has increased, especially in Western Europe. Unfortunately, however, there are still some countries, such as those in Eastern Europe and Africa, that have only become less tolerant in this regard.10 Even in the Netherlands, the forced coming-out of YouTuber and make-up artist Nikkie de Jager in 2020 showed that taboos around gender identity and biological sex still exist.11 Although many people were surprised that this story made the news, the seventeen-minute monologue by Nikkie Tutorials – as the influencer refers to herself – has been viewed millions of times on her YouTube channel. She didn’t make her statement voluntarily, but as a result of being blackmailed. Thanks to role models like her, it is becoming more accepted that preadolescent children express their gender identity, and increasing numbers of them are doing just that.



Research shows that 57 per cent of the Dutch population has a positive perception of transgender people.12 Dutch TV programmes like Geslacht! (‘Sex!’), Hij is een Zij (‘He is a She’) and Love Me Gender have contributed to this, as have older examples like Dana International, who won the Eurovision Song Contest for Israel in 1998, Kelly van der Veer from Big Brother and, more recently, Caitlyn Jenner, known from the reality series The Kardashians, and Loiza Lamers, the winner of Holland’s Next Top Model, who both came out in 2015.

Pink for boys, blue for girls
Although it is a rather outdated concept, blue is still seen as a colour for boys and pink for girls. However, this was the other way round for a long time – until relatively recently, in fact.
In 1918, a well-known American magazine published a ‘guideline’: pink was the colour for boys, and blue for girls.13 It was the first time that colours had been associated with a sex, possibly inspired by the many religious depictions of baby Jesus dressed in red/pink and Mary in blue. After the Second World War, this trend abruptly reversed. There are various theories as to why this happened, but it is possible that it was a response to the uniforms worn by women during the war. In the 1950s, the American First Lady Mamie Eisenhower set the tone by wearing a tremendous pink inaugural gown.14 Many others followed her lead, including the ‘pink ladies’ in Grease and the ‘plastics’ in Mean Girls, and Hillary Clinton frequently chooses the colour pink when attending meetings about strengthening the position of women.
British research has shown that adults have a preference for blues, but that women respond more positively to mixtures with red hues and men to those with green.15 In the 1920s and 1930s, ‘Das lila Lied’ (‘The Lavender Song’) was the signature song of the German gay and lesbian movement.16 In the last century, Oscar Wilde wore a green carnation to acknowledge his sexual preference, whereas a red tie was seen as a sign of homosexuality in the US.
Dutch children are now calling for less strict divisions. Twelve-year-old Julia, for example, contacted the Dutch department store HEMA via Facebook to ask if they would stock less girly girls’ clothes.17 HEMA thought it was a good idea and decided to merge the ‘boys’ and ‘girls’ sections to form the gender-neutral ‘kids’ section.


To the outside world, someone is only transgender after their transition, whereas for the transgender person themselves the identity is not new; the transition just marks the end of their development. Valentijn, the wonderful documentary by Hetty Nietsch, shows how Valentijn transitions from boy to girl in a society that is predominantly binary and in which you are seen as either ‘man’ or ‘woman’. These strict attitudes explain one of the reasons why depression is almost three times as prevalent in young transgender people than in the general population. Transgender people are also bullied more often than their peers and are more likely to be emotionally neglected or abused at home.18 A fear of confrontation and possible blackmail often hangs over them like a sword of Damocles.

Doctors are getting better at knowing when and how best to carry out hormonal and surgical interventions, and how best to provide psychological support. As there are considerable waiting lists in the Netherlands and the process itself can take between one and two years, there is no longer one set path offered for everyone. Some people may only want hormones, while others want gender reassignment surgery, which is irreversible. At the start of the century, doctors started prescribing puberty blockers to patients after stringent psychological screening. Puberty blockers inhibit the physical changes of puberty in girls and boys, and they marked a significant milestone for the acceptance and emancipation of transgender people. Nikkie de Jager, for example, received hormone treatment from the age of fourteen and had surgery before twenty. As teenagers who receive these hormone treatments do not develop any secondary sexual characteristics (such as breasts or beard growth), they are spared the associated suffering both physically and psychologically. Early treatment leads to better results from a cosmetic point of view than treatment as an adult, as with my patient Herman. Her wife and children fully accepted Herman’s transition. She is still in good physical health and is delighted with the final result.

Greater life satisfaction is an important success factor; after transitioning, both adults as well as teenagers value their lives just as much as their cisgender peers; the percentage of transgender people who regret the surgery is negligible.19 Acceptance and support from parents during the transition process also increase self-esteem.20

Early examples of transgender people

There are many examples of famous transgender people throughout history, such as Elagabalus, a Roman emperor from the second century AD, who frequently wore women’s clothing and supposedly offered a vast sum of money to any doctor who could provide him with a vagina.21 Some well-known historical figures, such as Joan of Arc (1412–31) and Queen Christina of Sweden (1626–89),22 are also considered to have been transgender. It wasn’t until 1912 that the surgeon Richard Mühsam removed the breasts and ovaries of an anonymous transgender man in Berlin. Eight years later, Mühsam performed gender reassignment surgery, again on an anonymous person.23 This intervention is officially considered the first gender reassignment operation.

In the 1950s, a former soldier hit the headlines as a transgender woman. George Jorgensen was born in New York during the Roaring Twenties. He was a shy boy who didn’t fit in at school and was often bullied and called gay. After completing military service, he signed up to study at the Medical and Dental Assistant School in Manhattan. In 1951, he started taking oestrogen supplements. He initially planned to have surgery in Sweden – the only country in the world to perform gender reassignment surgery at that time. However, George’s relatives told him about Dr Christian Hamburger from Statens Serum Institute in Copenhagen, who experimented with sex hormone therapy. This doctor was happy to help George with both hormonal and surgical treatments,24 as long as George allowed him to write a scientific report about it, as he did with 464 patients that followed.25

And so it came to pass: in October 1951, both of George’s testicles were removed and one year later the penis was also removed. Unfortunately the Danish team of surgeons didn’t yet have the technical expertise to construct a new vagina, but that was done later in the United States. And that is how Christine Jorgensen ended up on the front page of the New York Daily News in 1952 with the headline ‘EX GI BECOMES BLONDE BEAUTY’ and the world became acquainted with transgender people. Dr Hamburger subsequently received requests from hundreds of people all over the world for this type of treatment.

Christine became a celebrity; she starred in films and performed as a singer in nightclubs, but also became a role model. As a speaker on the subject of transsexuality, she called tirelessly for a greater acceptance, right up to her death in 1989. Transgender women in the US were, for a long time, referred to as ‘Christines’.

The transgender brain

In the 1970s, thanks to the medical advances helping people to change gender, a debate arose in the scientific world about the possible explanations for the phenomenon of gender dysphoria. Some doctors believed that a transgender identity was the result of strongly suppressed homoerotic feelings and should be treated as a psychiatric illness; psychoanalysis could be a way to achieve self-acceptance. Others believed that the cause was biological: perhaps the brain developed differently in transgender people.

One of the scientists who has long believed gender identity was linked to brain anatomy was the Dutch professor Dick Swaab. With the help of the Netherlands Brain Bank, he has spent many decades researching neurological changes via postmortem studies of people with certain sexual preferences and gender identities. In 1995, he demonstrated that a specific structure in the brain, the bed nucleus of the stria terminalis (BNST),26 plays a critical role in gender identity. The BNST is larger in men than women, but Swaab discovered that transgender women, i.e. those who were born male, had smaller BNSTs than those of the average man in the study. In fact, they were about the same size as those born female.

One of Swaab’s co-authors, Emeritus Professor Louis Gooren, contributed significantly to the professionalisation of transgender healthcare and the acceptance of transgender people in the Netherlands. He helped establish the transgender policy at Amsterdam’s University Medical Center. Swaab’s publication, as well as legislation – such as the Dutch Transgender Act of 1985, which allows transgender people to change their gender designation on their birth certificate – caused a snowball effect. Evidently, a biological basis was needed in order to achieve further acceptance. While the Dutch Transgender Act of 1985 was subject to a number of conditions, such as modifying the body to align with the desired gender and a sterilisation procedure, these requirements were abolished in 2014 with the amendment of the Transgender Act. This helped increase self-determination for transgender people.27

Although the majority of Dutch people view transgender people positively, a quarter have an issue with transsexuality and for 5 per cent of the Dutch population it would constitute a reason to terminate a friendship.28 Social factors like these are slowing down the emancipation of transgender people; on average, transgender people have a lower income and are more likely to be lonely.29 In the years prior to 2014, a change to the gender registration was made an average of eighty times a year; in 2015, 770 changes were made, and by 2017 this number had increased to 850.

Special gender clinics have existed in Amsterdam and Groningen since the 1970s and doctors there are struggling to keep up with demand. As the number of new patients is constantly increasing, additional gender clinics have since been set up in the Netherlands. Besides gender reassignment surgery, these specialist centres also offer psychological support and hormone therapies, which aim to enable a person’s secondary sexual characteristics to better correspond with their gender identity.30

With his photo series Inner Journey: Into Manhood, the Dutch photographer Marvel Harris beautifully documented his transition from woman to man.31 The Dutch philosopher and writer Maxim Februari also wanted to show through his book The Making of a Man that a transition can be a success story.32 Maxim was born in 1963 as Marjolein Februari and started treatment for gender reassignment in the spring of 2012 after a long internal struggle. His personal notes about the use of testosterone and the associated physical effects are astonishing.33 Physically, testosterone had a rejuvenating effect on Maxim’s body, suddenly preventing the approaching menopause. His muscle strength increased, he grew out of his clothes and was constantly hungry. When his voice also deepened, his ‘second puberty’ was complete. Apart from having to get used to a different body, he also noticed emotional changes: he reacted more directly and got annoyed more quickly, but he could also shake off emotions more easily than before. Maxim, like many transgender men, also noticed that he started crying less and no longer lay awake worrying at night. Incidentally, the opposite also generally holds true: transgender women often report that they cry more once they start taking oestrogen.

Before his transition, Februari already referred to himself as a feminist; this conviction has only strengthened since then.34 Despite increasing social understanding that gender is not a binary concept, he can confirm from his own experience that society treats men and women differently. Although it is a physically demanding process, the treatment of transgender people can therefore not only be seen as a liberation, but also as a fascinating phenomenon that enriches our medical knowledge and can be of great significance for patients with endocrine disorders.

As previously mentioned, transgender people are common to all times and cultures; the only thing that is strange is therefore society’s negative response to them. Or, as Maxim Februari puts it: ‘Gone are the times when we could make do with the contours of the body to describe the spirit within them.’35

LGBTQI+

In (pre)adolescence, sexual and gender preferences develop alongside the reproductive organs. While games at primary school often have a ‘girls vs. boys’ element, it’s usually not until secondary school that children start showing an interest in the opposite sex. A smaller number, however, become interested in members of their own sex. The term used to describe this is homosexuality (homo is Ancient Greek for ‘same’) and it is the opposite of heterosexuality (hetero is Ancient Greek for ‘other’). The term homosexuality encompasses both gay and lesbian people. Incidentally, the term ‘lesbian’ goes back to Sappho, a Greek poet from the island of Lesbos who wrote numerous poems about erotic love between women. A more inclusive umbrella term is LGBTQI+, which refers to people who identify as lesbian, gay, bisexual, transgender, queer or intersex, with the + referring to all fluid, pan- or asexual people.

It’s not yet clear how sexuality develops in people. We do know that a group of hormones called androgens leads to a masculinisation of the foetus. Exposure to these hormones (of which testosterone is the best-known) during pregnancy leads to the development of male sex organs, and later also to the ‘masculinisation’ of body and brain. Although there’s no conclusive evidence that sex hormones influence the formation of an LGBTQI+ identity, there are indications that certain nuclei may play a role. Almost thirty years ago, Professor Dick Swaab and his research team discovered a part of the brain called the sexually dimorphic nucleus (SDN): a small group of neurons close to the hypothalamus responsible for controlling the production of sex hormones as well as our sexual behaviour.36

[image: ]

As mentioned earlier, this nucleus is bigger in men than in women. A few years later, Swaab turned his attention to another nucleus,37 the suprachiasmatic nucleus (SCN), which may be involved in our sexual preferences and choice of sexual partners. The SCN appears to be influenced by pheromones, which are passed between people through the air and by touch, transmitting signals to our brain. In women and homosexual men – but not heterosexual men – the SCN responds to the male pheromone androstadienone.38 Vice versa, in lesbian women this nucleus responds to female pheromones such as estratetraenol.39 In bisexual people, it appears to respond to both pheromones.40

Swaab’s findings suggest that a gay or lesbian brain resembles that of the other sex, resulting in a preference for the same sex. It’s unlikely, however, that there is such a clear dividing line.41 Instead the development of sexual and gender preference is probably the result of the complex interplay between human body and the environment in which a person grows up.

The influence of environmental factors

It may seem obvious to conclude that exposure to hormones during pregnancy can impact certain nuclei involved in sexual preference. A 1972 study exposed pregnant rats to chronic stress. These rats had high levels of the stress hormone cortisol in their bodies and their male offspring were more likely to exhibit male sexual behaviour than female.42 Of course, the findings of these studies cannot simply be translated to humans. We can’t (yet) estimate the effects of hormone fluctuations in the womb on human offspring. That said, exposure to chronic stress does appear to be associated with an increased risk of lifelong changes to health, even permanently altering certain genes.43 Chronic stress makes the mother’s adrenal gland produce continually elevated levels of the stress hormone cortisol, to which the foetus is exposed in the womb. As a result, the foetus’s daily rhythm of hormone secretion goes haywire and the body becomes accustomed to the cortisol, which then causes the level of this hormone to increase.

The above-mentioned study on rats revealed that there are critical periods during pregnancy when elevated levels of stress hormone may have negative long-term effects on the foetus. It also showed that exposure to chronically high levels of cortisol in the blood caused testosterone levels in male offspring to decrease to levels more commonly seen in female rats.

There is still a huge stigma surrounding atypical sexual orientation. In many countries, this goes hand in hand with social exclusion. Those who oppose homosexuality often claim that it is unnatural, but it also occurs in the animal kingdom; homosexual relationships are commonly observed in bonobos, for example, as the biologist Frans de Waal established on various occasions.44 The other species of animal in which this behaviour is exhibited to the same degree is the domestic sheep; on average, 8 to 10 per cent of rams prefer a relationship with another ram, irrespective of the number of ewes present.45



Almost ninety years ago, researchers noticed that boys with older brothers were more likely to be homosexual as adults.46 Various studies followed confirming this observation: 15 to 30 per cent of all homosexual men had an older brother.47 Strikingly, this only applied to biological brothers; sisters, half-brothers or adopted brothers made no difference.48 Vice versa, a recent study carried out by Professor Henny Bos on the well-being of a large group of children with lesbian parents (whose development was followed for thirty years from birth) revealed that they weren’t any more likely to be homosexual than children with heterosexual parents.49

Scientists are not entirely sure why homosexuality is more prevalent in families with older brothers. They suspect that the mother’s immune system is involved.50 If a mother is pregnant with a boy, the testosterone level in the womb is elevated and her immune system produces more antibodies against testosterone, so that future brothers release less of this hormone.51 This could influence the formation of regions of the brain involved in sexual orientation. But this is only a theory; hard proof of the ‘maternal immune hypothesis’ has not yet been found.

In 1996, an updated hypothesis was put forward: for every pregnancy with a boy, the mother is exposed to the H-Y antigen, which is specific to male cells.52 As this is perceived by the mother as foreign matter, her immune system responds by producing antibodies. In every subsequent pregnancy with a boy, more and more of these antibodies reach the foetus through the placenta, where they influence the prenatal development of the brain. In order to test this theory, pregnant mice were vaccinated against the H-Y antigen in order to stimulate the production of antibodies.53 A follow-up study on male baby mice revealed that they had very little sexual interest in female peers when they reached adulthood. However, the fact that the majority of homosexual men don’t have a whole army of older brothers means that the maternal immune hypothesis at best describes one of the many environmental factors involved in the development of our sexual orientation.
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Old Choices in a New Paradise

Obesity, Hunger and Hormones

Thirty-five-year-old Maria comes into my consulting room one afternoon with her two young children in tow. She is having financial difficulties and her eyes well up when she tells me about it. She works night shifts in a care home in order to stay afloat. As a result, she is so tired by the time the weekend comes around that she doesn’t have the energy to do anything, and she has barely any friends left. Her self-confidence has plummeted. She smokes to help alleviate the stress, and rarely exercises as she has constant pain in all her joints.

A miserable life for such a young woman. Her GP referred her to me after diagnosing her with type 2 diabetes, which is my specialist field. The question, of course, was how I could help her. We could use diabetes medication to slow down the effects, but we wouldn’t be doing anything about the cause. Her main problem was that she weighed twenty stone.

Obesity is a growing problem in our western world. It prevents the cells in the pancreas that produce insulin from doing their job properly. The body then becomes less sensitive to insulin, which can ultimately lead to diabetes.

But what causes obesity in the first place? And how do people experience it?

This chapter will deal with hunger, obesity and hormones. To address these topics we first need to understand how we, as people, are programmed to deal with hunger and how our body protects us against food shortages. These primal mechanisms don’t always match our modern lifestyles. Because of this, many people not only put on too much weight, but also keep that weight on. I will show how your gut is connected with your brain – an ingenious and fascinating construct, but one that can unfortunately also lead to complex eating behaviour.

Obesity through the ages

Descriptions of obesity can be found throughout human history. The Old Testament tells the story of the obese King Eglon, who fell victim to an assassination. A sword entered his belly and disappeared in the enormous layer of fat. Obesity was particularly prevalent in royal households. The best-known example is the German Princess Caroline of Brandenburg-Ansbach, who became queen of England in the early eighteenth century.1 She had become so fat that she could only turn over in bed with the help of her ladies-in-waiting. Although she was never depicted to the full extent in her portraits, her enormous breasts were world-famous. Beauty ideals change with the times; think of the large women that Rubens painted. Bearing this in mind, it’s perhaps not surprising that Queen Caroline was so proud of her body that residents of London would buy tickets to watch her feasting in her palace on Sundays.

The clergy of the Middle Ages listed seven deadly sins including gluttony, sloth and wrath – a combination which appears in various religious texts. Pope Innocent VIII, for example, was known for his immense size.2 He would spend the whole day sleeping and had a very unpleasant character. It was he who incited the witch hunts that led to innocent people being burned alive. He ultimately became so fat and so tired that he could no longer move around. Allegedly, he received blood transfusions from healthy boys as a form of treatment. Whether or not that’s true, it was to no avail; both Pope Innocent VIII and the blood donors died.

With today’s medical knowledge, we can see that the combination of obesity and fatigue experienced by Pope Innocent VIII corresponds with the symptoms of obstructive sleep apnoea syndrome (OSAS): a sleep disorder caused by obesity, whereby breathing stops for more than thirty seconds, several times a night. People with this disorder are unable to get deep enough REM sleep, which makes them feel drowsy, fatigued and grumpy during the day. The English prime minister Winston Churchill, who was well known for his mood swings and his size, also suffered from this. OSAS can also exacerbate diabetes. It also leads to an increased appetite, creating a vicious circle of obesity and sleep deprivation.

This has been the subject of research by the Belgian Professor Eve van Cauter for several decades now. She demonstrated that obesity and type 2 diabetes result in poor, short nighttime sleep.3 In an experiment, she showed that short sleepers have lower concentrations of the satiety hormone leptin, which signals to the brain that you have eaten enough, and higher concentrations of the hunger hormone ghrelin. In addition, short sleepers are more likely to be attracted to meals that are high in fats and sugars. It’s hardly surprising then that short sleep can, in the long term, lead to obesity and ultimately OSAS.

Incidentally, the best-known patient with this condition was described by Charles Dickens in The Pickwick Papers (1837).4 The character Joe had these exact characteristics and that’s why OSAS is sometimes referred to as ‘Pickwickian syndrome’.

An increasingly weighty problem

However sad their story may be, overweight people can generally expect limited understanding from their slimmer counterparts, who often wonder how someone can let things get that far. In their eyes, overweight people aren’t patients with ‘real’ illnesses like cancer, gallstones or a broken hip – conditions that anyone can suffer from. But obesity, too, is a real condition.

In her book Knap voor een dik meisje (‘Pretty for a Fat Girl’), published in 2019, Tatjana Almuli describes her battle with weight.5 In 2015, she took part in the reality TV show Obese and lost around nine stone in ten months, but she continued receiving negative comments about her appearance and size. Scientific studies (and popular weight-loss programmes on TV) reveal that only 30 per cent of obese people who make a serious attempt to lose weight under strict supervision manage to continue eating less in the long term. Tatjana didn’t belong to that group. The message in her book is clear: don’t judge overweight people too harshly in a part of the world and at a time in which slim is the norm.

Despite that norm, almost every other adult in the Netherlands is overweight. Half of these are obese, posing a threat to their health. In total, one in six adults in the Netherlands end up with type 2 diabetes.



Let’s return to Maria. Due to her weight, she is at increased risk of developing type 2 diabetes at a young age. But that’s not all: she is also more susceptible to high cholesterol, raised blood pressure, depression, sleep disorders, fatty liver, asthma, heart attacks, stroke, heartburn, reflux, incontinence, osteoarthritis and infertility. There’s a good chance she won’t live to an old age because of her weight.

If the life of a young woman is already in such turmoil, and the associated risks are so high, how could doctors not take her problem seriously? Maria was unable to go on, literally and figuratively, as if her life had been stranded like a ship on a sandbank.

Based on her weight and height, I calculated that she was over six stone overweight. She had gained that weight during her first pregnancy and had never managed to lose it again. She told me that she could no longer fit in a normal chair and that she struggled to wash herself properly. She looked pale, had an unpleasant body odour and very fine hair. She got out of breath tying up her shoelaces. She constantly tugged at her clothes, which kept getting stuck between her body’s curves. Her children were also clearly overweight.

Maria asked whether her size could have anything to do with hormones. As a specialist in internal medicine, I always make a connection with hormone levels in cases like this. Patients don’t generally do this, as the role of hormones in this field is less well known. Maria had already tried to lose weight many times and didn’t know what to do. Most people would think: just eat less, and you’ll lose weight. Your joints will be under less pressure and your pain will diminish. Move more too, and you’ll automatically feel better and will have energy to socialise. Stop smoking, as that won’t reduce stress but instead perpetuate it, and you’ll save money too.

But that’s all easier said than done. Maria couldn’t afford the gym or a nutritionist, and vegetables cost more than frozen pizzas. Her attempts to stop smoking failed time and time again. Furthermore, she was gaining weight, and dragging an extra six stone around all day was bound to cause pain.

She was clearly consuming too many calories, but why? What was the real cause of her problem? Why had this woman got so big? And, more importantly, why was she staying so big?

She could answer this question easily herself: she was always hungry.

Hunger and metabolism

Hunger is probably the oldest feeling on earth. We have been plagued with it for billions of years and people have tried all sorts of ways to take control of it. Hunger is more deeply entrenched in our bodies than feelings of love, awe and happiness; deeper even than other serious concerns like thirst, fear and shortness of breath. Satisfying hunger is vitally important to every animal. Extreme hunger leads to discrimination, war, murder and cannibalism. In the western world, we only know real hunger from the stories of those who experienced the Second World War and had to eat tulip bulbs, or from fairy tales in which hunger forces desperate parents to leave their children behind in the woods.

Every living thing on this earth, from single-celled organisms to thinking humans, is driven by the same urge to prevent a shortage of food. In humans, this takes place on all levels. Fundamentally, we are cells that each have their own metabolism and their own ‘hunger’. This deep, basic metabolism can adapt to scarcity. Around it, layers have emerged that enable millions of cells to work together in a single body. In mammals, various cells became specialised and thereby formed separate systems – such as the digestive system – which are influenced, together with metabolism, by hunger and excess. All of these different cells communicate via our brain, which can influence virtually all our organs via the nervous system and hormones.

The brain enabled people to establish a food supply; agriculture and livestock farming were invented as a response to hunger, as was the food industry.

If we want to investigate how hunger works, we first need to look at the organs involved in metabolism. After that, we will discover how digestion and hormones are influenced by our metabolism, while the brain carries out its role as conductor, attempting to create a harmonious ensemble.



What happens within one cell, and therefore our bodies, is extremely complex. Building blocks – specifically amino acids, which are organic compounds that can be converted into other building blocks, such as proteins for muscles – are used to store energy in our bodies. This is known as metabolism, the process whereby the body alternately breaks substances down, processes them and stores them as energy. Ever since life existed, these cells have responded to a food supply. If a single-celled organism came into contact with a surplus of food, its metabolism led to the production of a surplus of substances that could be used for processes such as growth, repair or reproduction. If the cell didn’t get enough food, however, the chemical reactions would stop. Any damage would no longer be repaired, the cell would be poisoned by its own waste products, and it wouldn’t have enough energy to defend itself or multiply – essentially, a state of emergency.

This primordial cell will have perceived the scarcity as alarming, which is what still happens in every individual cell in our bodies today. If we encounter a shortage of food, all of our cells individually suffer from hunger. That’s why real hunger can feel so overwhelming and all-encompassing. It is a deep and primitive feeling, and if it persists, everything – the whole body and the person themselves – is dominated by it and only one thing matters: finding food. That is not the same as having an appetite; it is a primitive drive for food, a genuine urge that can be felt in every cell in the body and is enough to make a person go crazy, but it can also cause serious defects because it causes bodily processes to stagnate.

For many of us in the modern, western world, our body’s cells only experience real hunger under exceptional circumstances – if we suffer, for example, from a serious physical illness like anorexia. And in such cases, our body goes into survival mode on a cellular level – a function it has ‘learned’ over aeons of time through evolution. You might find it hard to believe that a single-celled organism can experience something like hunger but it can. It does register a change like a shortage of food and responds accordingly. Thanks to that powerful primitive impulse, species learned to adapt. Microorganisms that were able to store excess building blocks as reserves in times of abundance, and could switch to a power-saving mode in times of scarcity by keeping only the absolutely necessary processes running on a low setting, had a greater chance of survival.

This process represents an important mechanism for coping with hunger. In humans, this metabolic adaptation can take on extreme forms and can even have life-long consequences. Think, for example, of the women who were pregnant during the Dutch ‘hunger winter’ of 1944–45 (see Chapter 1), whose children had an increased risk of obesity and cardiovascular disorders. The scarcity these mothers experienced had a formative effect on the genes of their embryos, who were more likely to be overweight later in life. It was as if the mothers had passed on metabolic signals to prepare their children for a life of scarcity.

During puberty, the opposite can happen. The metabolism of young people (both men and women) who suffer from anorexia can remain in power-saving mode for life. The meagre energy the body possesses is reserved for those bodily processes that are strictly necessary and certain genes are definitively ‘switched off’ by substances released during extreme scarcity.6 The genes, for example, that are responsible for feelings of hunger and satiety (such as the hormone leptin, which will be discussed in more detail later in this chapter) remain present in the DNA, but the cell is unable to make use of them.7 This effect is called ‘gene silencing’ and is the opposite of hunger.

Whereas our metabolism is responsible for maintaining the energy balance of all our body’s cells, digestion is the process of breaking down and absorbing the nutrients we obtain from our food. I will describe the role that hormones play in this ingenious system step-by-step.

The stomach and our digestive system

Our digestive system is so important that its cells develop at a very early stage of life. In the first few weeks of a pregnancy, the embryonic endoderm is formed. This is where organs develop that are important for the intake of food: the digestive system (including gut, stomach, liver and gallbladder), the pancreas and the thyroid gland.

Which organs and hormones are involved in digestion?
Mouth and salivary glands (glandula parotis) – important for grinding food, producing saliva (enzymes that break down sugars) and helping control the quality of food.
Oesophagus and stomach (gastrum) – produce the hormones ghrelin and gastrin, which play a role in the digestion of proteins via gastric acid and the mixing of food.
Liver – produces bile (so that the fats in our diet can be digested and absorbed by the gut) and cholesterol (the building block for hormones).
Small intestine (duodenum) – produces cholecystokinin (CCK), serotonin and glucagon-like peptide (GLP-1), which are important for digestion (the absorption of sugars, fats and proteins) as well as intestinal function.
Pancreas – produces insulin and glucagon. Insulin regulates the blood sugar level and ensures that glucose is absorbed by your body. Glucagon increases the level of sugar in the blood. Both are important for fat metabolism.
Abdominal fat tissue (adipocytes) – produces leptin and oestradiol (from testosterone). Important for your energy reserves.
Large intestine (colon) – ferments sugars and fibres via gut bacteria and absorbs water from faecal matter.


The stomach is one of Mother Nature’s fantastic inventions, designed to protect us from scarcity. But it can lead to obesity. In order to understand how that can happen, we first need to understand how digestion works.
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The first phase begins before we even start eating. Just thinking about, smelling or seeing food can be enough to make us salivate. The Russian physiologist Ivan Pavlov (see also the Introduction to this book) showed how this process works in animals as early as 1897.8 In humans too, this reaction is triggered by the brain acknowledging that food is nearby. Glands in the mouth stimulate the release of saliva so that food can be swallowed more easily. Until Pavlov made his discovery, that slimy goo was certainly not a hot topic, but we now know that saliva contains all sorts of important hormones – a wealth of signalling substances! – including insulin and cortisol. Our brain also encourages the stomach to prepare itself for a meal. The release of gastrin stimulates the production of gastric acid, so that our food can be immediately digested once it arrives in the stomach.9

In the next phase, the presence of food causes the stomach to stretch slightly. This stretching is perceived by special receptors that send a signal to the brain via the nervous system. The brain, in turn, sends a signal back to the stomach to produce additional gastric acid. The food then moves to the small intestine. There, special cells detect the relatively acidic food mush from the stomach and subsequently release the hormones glucagon-like peptide (GLP-1) and cholecystokinin (CKK).10 These hormones cause the pancreas and gallbladder to release digestive juices and enzymes; the digestive enzymes break down nutrients like sugars, fats and carbohydrates into small particles that can be absorbed into our bodies more easily. The liver and gallbladder subsequently release bile, which further aids the digestion of fats. Together, this makes the food mush less acidic and means that the digestive enzymes from the pancreas can do their work effectively.



The digested food is ultimately absorbed into the body’s cells via the bloodstream with the help of insulin. There it forms the fuel that powers all the important bodily processes: from your heart rate and breathing, your hormone levels and digestive system, to repairing and restoring body cells and, of course, reproduction. In humans, the entire process of breaking-down food into nutrients, absorbing these substances and transporting them to all corners of the body, only takes a few hours.
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The stomach’s function is to delay feelings of hunger. I like to use the example of a lion to show how this works.11 Driven by hunger, a lion hunts zebra. It might catch one or two a week: just enough to survive. If it didn’t have a stomach, the zebra meat would be digested while the lion was still eating and it would immediately flow into the lion’s bloodstream as amino acids. Within half an hour, the lion would be full. Hyenas and vultures would eat the rest of the prey and the lion wouldn’t have enough energy to get through the following days. However, because the lion has a stomach, it can eat the entire zebra, because its hunger is not immediately satisfied while eating its prey.

It works the same way in humans. The stomach delays the digestion process and acts as a type of built-in lunchbox, in which you can safely carry your meal around without having to digest it immediately. The stomach itself adds some acid to it, a powerful preservative that ensures the food doesn’t go off in the meantime. It is only digested when you are able to rest. The stomach then opens its sphincter and the food that has been mixed with the acid passes through to the small intestine. This process is controlled by hormones that act as a brake pedal (somatostatin) and as an accelerator (ghrelin).12 These allow the stomach to delay digestion by around three hours in humans: long enough to search for more food in order to secure sufficient reserves to get through a period of hunger. This wonderful mechanism protected our distant ancestors from scarcity.

There are still many misunderstandings when it comes to the stomach. It is not true, for example, that fatter people have bigger stomachs. You don’t get fat from having a big stomach and eating a lot doesn’t make your stomach any bigger. Your appetite doesn’t depend on the size of your stomach either; an excessive appetite is probably the result of a faulty connection between hormone and nerve impulses from the stomach to the brain and vice versa (unless you have had surgery on the stomach, such as a gastric bypass, but we will return to that later in this chapter).

Hunger makes small children big

Many parents are amazed by the sheer quantity of food their teenage children get through. They can eat whatever they want without gaining any weight, while their parents seem to gain weight just by looking at food. This not only shows how much energy the teenage years demand, but also how important metabolism is when it comes to maintaining a healthy weight. Hormones play a role here too. Both the satiety hormone leptin as well as the hunger hormone ghrelin are involved in the regulation of teenagers’ appetites and the rate at which children grow during puberty.13 This growth happens so quickly because their bodies convert carbohydrates, proteins and fats into usable forms of energy. A greater muscle mass and the ability to eat a lot without gaining weight are two of the side effects of puberty.

Unfortunately, there are also negative side effects of such a tightly adjusted hormonal balance. To put it simply, people tend to make decisions more quickly when they are hungry. This can have far-reaching consequences. Research has shown, for example, that hungry judges are more likely to make judgments to the detriment of the person on trial, and that these judgments would have gone the other way if they had been made after lunch.14

Incidentally, this knowledge is not new. In the sixth century AD, for example, judges in the Byzantine Empire were forbidden from making judgments unless they had eaten. A similar pattern is seen with doctors who have to decide whether or not to prescribe antibiotics: a full stomach results in a better-considered decision.15 That’s no different when it comes to adolescents.

During puberty, hunger hormones and satiety hormones therefore impact behaviour. This is one of the many ways your stomach is connected to your brain – a connection sometimes referred to as the gut-brain axis. Nerves run from the gut directly to the brain. By this pathway, but also via the release of hormones into the bloodstream, the gut gives signals to the brain. If you drink a few glasses of water before a meal, for example, you will eat considerably less.

This axis also plays a role after puberty. That’s why it’s not a good idea to go food shopping when you’re hungry; you’ll be much more likely to end up with a trolley full of food that is high in sugar and calories.16

Modern lifestyle

In today’s society, in which abundance is the norm, few people ever experience real hunger. On the contrary, a lack of exercise and an excess of high-calorie food leads to high levels of obesity. Three-and-a-half centuries ago, the Dutch doctor Steven Blankaart had great faith in sugar. In his Borgelyke Tafel (1683),17 he describes his repeated observations of ‘the disorderly way of eating that has crept in amongst certain prominent citizens’ and how he believes sugar can neutralise the acid that makes our bodies sick, which is why its consumption is especially good for our physical well-being.

For a long time after crusaders brought the ‘white gold’ from Asia to Europe in the late Middle Ages, sugar was predominantly seen as something positive. It was a luxury product, which was available as a medicine in medieval pharmacies. In the 1970s, soft drinks were still marketed for babies and other high-sugar products were marketed for exhausted mothers. Today’s scientists, however, never take anything as read; the fact that our amicable relationship with sugar has since cooled is vitally important for our heath. Since the 1970s, the composition of our diet has changed dramatically; products contain fewer nutrients and are combined with more sugars and preservatives, resulting in higher levels of obesity.

Besides not enough exercise and too much of the wrong types of food, our sleep is no longer what it once was; since the industrial revolution, the average person hasn’t been getting enough sleep. In the west, we are sleeping an hour less per night than we were a hundred years ago, sleep guru Matthew Walker writes in his book Why We Sleep.18 Our 24-hour economy means that almost one in five of the working population works evening and night shifts, which disrupts the circadian rhythm. This goes hand in hand with hormone fluctuations, including those responding to stress, or similar.19 A major lack of judgement caused by disrupted sleep patterns may have played a role in the Challenger Space Shuttle disaster and the Chernobyl disaster, both in 1986.20 Doctors are not immune to a lack of sleep either; they are more likely to make medical errors during night shifts.21

People who don’t work night shifts can also experience disrupted sleep; approximately 30 per cent of all adults report sleep problems.22 According to Matthew Walker, long-term exposure to artificial light, changed eating patterns (which means we often go to bed on a full stomach) and the time we spend on a phone, tablet or computer all contribute to disrupted sleep. As a result, we are exposed to artificial light for longer, which impacts the production of melatonin, the hormone that makes us feel sleepy. Walker’s advice is to avoid screens for an hour before bed.

Natural light also appears to have an effect on our sleep. A recent study showed that the average person sleeps twelve minutes less in summer than winter, and twenty-five minutes less in spring than winter.23 That is probably due to the fact that we have almost four hours more daylight in spring and summer than in winter, and daylight has a positive effect on our biological clock.

Our sleep has deteriorated since the industrial revolution in terms of quality and quantity.24 According to the American historian Roger Ekirch, people (like most animals) slept in two distinct phases until around two centuries ago. These phases, called the ‘first’ and ‘second’ sleep would each last around four hours, and the person would be awake in between. The French doctor Laurent Joubert (1529–82) is quoted in Ekirch’s book At Day’s Close25 as advising people to have sex in this interim phase, as this was when people would experience greater pleasure and be able to perform better… The biological basis of this biphasic sleep was partially unravelled in the 1990s by the American psychiatrist Thomas Wehr.26 He showed that when healthy volunteers resided in an environment kept dark for fourteen hours each day, they too began displaying this biphasic sleep pattern – associated with the improved release of hormones such as melatonin and growth hormone – after a few weeks.

Although this sleep theory is viewed with scepticism, an increasing number of studies appear to confirm the link between a lack of sleep, working night shifts and the development of obesity and diabetes.27 In short, the combination of how we are programmed and our modern lifestyle can easily lead to obesity due to disruption of the gut-brain axis. That excess weight and those poor sleeping and eating habits can cause people like Maria to end up in a vicious circle.

Should she therefore consider a gastric bypass?

A balancing act: set-point weight

At the end of the last century, brain researchers discovered a receptor in the hypothalamus believed to be involved in the release of growth hormone. This hormone, which was previously unknown, is produced in the stomach and called ghrelin (growth hormone-releasing peptide).28 We also encountered ghrelin in Chapter 3. It soon became clear that ghrelin doesn’t actually have a lot to do with growth, but is mainly involved in maintaining a stable body weight.29 In light of the west’s growing obesity epidemic, research into this hormone is extremely relevant.

Ghrelin is produced by the empty stomach. The concentrations of the hormone in the blood are highest before a meal and lowest afterwards. It is therefore seen as a hunger hormone, whose role is to announce that the stomach is empty. We now know that men who are exposed to sunlight produce more ghrelin and consume more calories during the summer months. This isn’t the case with women because of the preventative effect of oestrogens.30 Ghrelin also influences the speed at which we make decisions,31 especially in the centres of the brain related to addiction. It stimulates the brain to release dopamine, the feel-good chemical. As we want that pleasant feeling more often, we treat ourselves to something like a glass of wine or a bar of chocolate. That’s how an addiction or dependency is formed and could perhaps explain why some obese people appear to have a genuine food addiction. Maria also mentioned that she ate more whenever she stopped smoking, as if the one addiction replaced the other. Recent research has shown that people are twice as likely to develop an alcohol addiction after having gastric bypass surgery.32 And there are cases where an eating addiction is replaced by a gambling or sex addiction.

The interesting thing about ghrelin is that this hormone, which encourages people to eat, is present in higher concentrations in the blood of obese people than people of a healthy weight. Do obese people eat more because their stomach produces more ghrelin? Or is it the other way round: they are less sensitive to this hormone, so they need higher concentrations of it? It is difficult to say. Evidently, a system is active on a hormonal level that helps the body maintain a stable weight. If you want to stay fat, you will need to eat more. And that’s where a stomach that produces more ghrelin comes in. At the same time, this doesn’t sound logical: you might think – and want! – to be less hungry when you start getting too fat.

Our body seems to do all it can to maintain an increased weight by increasing its calorific requirement. It’s as if we have a type of built-in thermostat that keeps our weight precisely at the right level: the set-point weight.33 This explains the yo-yo effect we often see when people diet, whereby someone who has lost a lot of weight quickly puts it all – or sometimes even more – back on again.

Maria, who weighed over twenty stone at the age of thirty-five, is a prime example of this. The same effect is also seen in people who have gastric bypass surgery due to obesity; if such an operation needs to be reversed for whatever reason, the patient’s weight will immediately increase and end up almost exactly the same as it was before the initial intervention, even if it was carried out years previously.

This set-point weight is controlled by the hypothalamus, the magic place deep in our brain that also ensures our body temperature remains stable. Contrary to our temperature, which fluctuates around 37 degrees Celsius throughout our lifetime, the set-point weight appears to be adjusted upwards over the years.34 Those who eat more over a long period of time not only achieve a higher body weight, but also a higher set-point weight, making it harder to return to the previous weight. This set-point weight, maintained by ghrelin, means that your body weight has a tendency to continually increase (even when we don’t want it to).35 Unlike your salary, which you only ever want to increase, not fall!

In this way, ghrelin forms the perfect keystone for the business model of all fast-food chains. Sell your customers tasty burgers, but serve as much high-calorie food as possible on top for a small amount of money: soft drinks and fries! This small investment will make sure your customers gain weight. And if they eat high-calorie food for long enough, they will automatically develop a higher set-point weight and higher concentrations of ghrelin when their stomachs are empty. As a result, their need to keep eating your burgers will continually increase.

From the perspective of the obesity epidemic, ghrelin is a pointless hormone. Why would the body want to remain overweight? Excess weight leads to cardiovascular diseases, diabetes and knee problems. But from a biological point of view, it is in fact very useful. If an animal manages to live in a place of abundance, it will be successful. Its hunger will be satisfied, it will gain weight and its set-point weight will increase. Humans aren’t any different in this respect. Our set-point weight will have been high at the start of humanity. As a result, our hunger had a powerful additional stimulus, which encouraged us to be inventive. We went out hunting for our food and, while searching for calories, populated the whole world.

Although ghrelin is clearly involved in weight, eating and hunger, the question is whether or not the term ‘hunger hormone’ is appropriate. This is because ghrelin is produced in other places too: the pancreas, the kidneys, the ovaries, the testicles and the lungs. And the opposite effect is seen in the event of gastric bypass surgery for obesity; although the stomach remains permanently empty after a gastric bypass, ghrelin concentrations decrease, rather than increase.36

The gene responsible for the production of ghrelin also works in a more complicated way than you might expect. Perhaps ghrelin and its growth hormone receptor did something a long time ago that was completely different from what we see them do today. Or is the evolution of the hunger hormone just as complex as that of hunger itself?

The sum of energy

Let’s return to Maria and ask ourselves why she is struggling to lose weight. Does her body not want to get rid of the weight she gained? That would only be part of the answer, because an adult’s body weight is not simply the sum of mass, but also the result of energy.

A body gets that energy, expressed in calories, from nutrients. These are continually needed for metabolism, the musculoskeletal system and all other bodily processes. If you consume more than you use, your body stores all the excess calories in the form of mass: you gain weight. If you consume less than you use, your body turns to its reserves and you lose weight. If consumption and expenditure are the same, your body weight remains stable. That’s simple maths. But it’s not the case that ‘eat less + move more’ can solve everything. Unfortunately, it’s not that straightforward.

A person with a higher body mass uses more energy. Their muscles also have to work harder to carry out the same movements due to that additional weight. An overweight person therefore has a higher total consumption of energy. So Maria not only has to eat more than normal to gain weight (the set-point weight), but also to remain overweight. Yes. In line with our knowledge about primordial cells, there are clear indications in the scientific literature that the human body is not inclined to get rid of excess fat tissue.

But my patient told me a different story. She felt that at a certain point in her life – after her first pregnancy – she had gained weight and had since been unable to lose it. Apart from the fact that you eat more as a pregnant woman, it may be the case that you change so much hormonally after a pregnancy (see Chapter 6) that your weight increases. A change to gut bacteria (again, see Chapter 6) could also play a role. You also require less energy as you get older because your muscle mass slowly decreases, and most people are less active after the age of twenty than they were in their youth due to work and family commitments. It’s therefore quite possible that Maria’s obesity was caused by an unfortunate combination of a changed eating pattern, hormonal changes, disturbances to her metabolism and a lack of exercise.

The hormonal brake on obesity

As times of abundance were once rare, we as a species had to find ways to live with scarcity. That’s why all organisms have numerous adaptations for securing as much food as possible – think of the giraffe’s neck, the eagle’s beak and the way ants work together – but hardly anything to protect us from excess.

Animals appear to be virtually insatiable. We use that to our advantage; just think, for example, of fattened pigs and chickens. Vets are also seeing increasing numbers of overweight dogs, rabbits and cats.37 People are insatiable animals too. Currently, the world’s heaviest people weigh more than eighty or ninety stone. However, since not everyone who lives in a world of abundance is overweight, there are obviously certain control systems in place to protect our bodies from overeating.
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Our mind (the brain) has an important brake that prevents us from getting fatter; we are always subconsciously weighing up the pleasure we get from eating against the negative effects of storing too much fat and gaining too much weight. At a lower level too, the body has built-in protection against obesity in the form of a hormonal brake.

There are two endocrine systems that control this: one that works in the short term and provides an immediate feeling of satiety, and another that affects satiety later, but more powerfully. Where the hormone ghrelin stimulates the body to fill the digestive tract with food at the very start of the process, another hormone is produced right at the end of the small intestine that lets the body know when this tract is full. This hormone has the rather uninspiring name, peptide YY 3-36, or PYY, and it’s released into the blood in the final decimetres of your small intestine as soon as food arrives in this remote part of your digestive tract. It promotes digestion in various ways but it also reduces appetite. It says something along the lines of ‘enough is enough’, immediately pulling a brake on your appetite.

There are two other powerful hormones that also create the feeling of satiety after a meal in the longer term: insulin and leptin. These hormones work together to control the storage of sugar and fat. In overweight people, the levels of both of these hormones in the blood are significantly raised.

Leptin

In 1949, a white mouse in a laboratory in the United States had offspring that couldn’t stop eating. The mice ate themselves fat and passed this characteristic on to their offspring too. They had a congenital defect caused by faulty DNA. The mice were referred to as ‘ob’ mice, derived from the word ‘obese’.38 The inherited mutation in the DNA was located in the gene that produces a hormone that was only discovered half a century later: leptin (derived from the Ancient Greek lepto, which means ‘thin’). This hormone is produced by fat cells and suppresses the compulsion to eat in the brain.39 Usually, leptin protects mice from becoming overweight. If a mouse becomes too fat, it has more fat cells that produce more leptin, suppressing the compulsion to eat. As a result, it loses weight. However, because the ob mice didn’t produce leptin as a result of the faulty gene, their compulsion to eat was not suppressed. As a result, they continued eating and got fat.

Diabetes + insulin
The Danish Nobel Prize winner August Krogh had noticed that his wife, who had given birth to their fourth child a year previously, needed to urinate more often, had a decreased appetite and wasn’t able to see as well as she used to. The married couple, both doctors, were quick to diagnose her with diabetes, but in 1921 the only treatment to reduce an elevated blood sugar level was a low-carbohydrate diet.
Thanks to his medical background, Krogh knew that the cause of this disease was the deficient production of insulin by certain cells in the pancreas. These cells had been discovered by the German scientist Paul Langerhans in 1869. Because they looked like little clusters under the microscope, he named them the ‘islets of Langerhans’. Fifty-two years later, the hormone was given the name ‘insulin’. In 1890, Russian researchers had shown that dogs whose pancreases were surgically removed suffered from acute diabetes. Krogh had heard about a pair of young and ambitious doctors in Toronto called Frederick Banting and Charles Best who were able to isolate insulin from a dog’s pancreas. When they readministered this insulin to the dog Marjorie (whose pancreas they had previously surgically removed), Banting and Best stabilised Marjorie’s previously elevated blood sugar levels. Krogh decided to travel to Toronto and ask the doctors whether insulin could also be used on human patients with diabetes.
The pair found the answer in a slaughterhouse, where there were enough pancreases from freshly slaughtered calves to obtain the required insulin. Banting and Best were so pleased with their discovery that they granted Krogh a licence to produce insulin for the European market for just one dollar, on the condition that he would set up a non-profit company. This company, which ultimately became Novo Nordisk, would go on to become a global player in the field of diabetes medication.
This discovery was followed closely in the Netherlands too. The Dutch flagship company Organon was founded in the 1920s by Salomon ‘Saal’ van Zwanenberg with the help of the brilliant chemist Marius Tausk and the professor of pharmacology Ernst Laqueur, known as the founding father of endocrinology in the Netherlands.40 Laqueur was one of the first to successfully produce hormone preparations from the glands and organs of slaughter cattle. Together they built a large international pharmaceutical company based on treatment with hormones like insulin, but also the thyroid hormone T4 and testosterone. They also helped develop the contraceptive pill (see also Chapter 7). A great-granddaughter of Laqueur wrote a wonderful novel about the origins of this factory.41


In humans too, mutations in the leptin gene can cause a child to have an innate, uncontrollable urge to eat. Taken as a medication, leptin helps these children get their weight under control, but the substance is difficult to create synthetically. There’s also another, better-known hormone that is much more effective at controlling our metabolism (more about this in Chapter 6) and has extended the lives of hundreds of millions of people, albeit without the beneficial effects on weight: insulin.



All in all, the insatiability of metabolism may explain why a person can continue to eat too much and gain weight. The digestive system’s hunger and satiety hormones show how efficiently they work and how the body evidently prefers being fat to thin. Being fat in times of abundance is no great feat. For most people, being seriously overweight leads to insulin resistance, which means the pancreas has to work overtime. Like a muscle, a gland can also tire and become depleted. And that’s when type 2 diabetes arises, whereby insufficient insulin is produced. In that case, patients have to eventually resort to insulin injections. This type of treatment is especially onerous because patients have to inject themselves and because insulin causes additional weight gain.

Insulin is both a blessing and a curse.

Hunger and the link between our gut and brain

The hormonal interplay between metabolism and digestion doesn’t fully explain why Maria weighed twenty stone, while most people around her weren’t as heavy. After all, they too lived in a society in which calories are continually imposed on them. In order to understand this, we need to take a closer look at the brain and nervous system.

We’ve seen that metabolism at a cellular level and the hormonally controlled digestive system influence the regulation of hunger and weight. Another factor is our brain – the biggest instigator of almost all bodily processes. Surprisingly, there are close links between the brain and the digestive tract, which has its own fascinating nervous system and is a similar size to our brain. It is with good reason that our gut is sometimes called our ‘second brain’.42

It used to be said that if you weren’t strong, you’d better be smart. But the brain itself uses vast amounts of energy. Fortunately, people had handy ways of consuming as many calories as possible. If you only pluck the ripe fruit, for example, you get more calories from less food because ripe fruit contains the most sugar. You can recognise ripe fruit from its sweet flavour and blue, red or dark-yellow colour. With an animal carcass, most nutrients and calories are found in the muscles and marrow, which contain an abundance of proteins and fats. These can be recognised from the fatty and salty flavour, and dark-red colour. In order to choose the best-quality, high-calorie parts when picking fruit or gutting an animal, our predecessors needed three things: a clever mind, skilled hands and good eyes. Humans are one of the few species of mammal with 3D colour vision, which allows us to perceive subtle differences in colour between ripe and high-quality, and unripe and rotten, from a distance.

The anatomical structure of our hands is also remarkably complex. We can hold something very precisely between our thumb and index finger in a pincer grip. This is extremely handy when it comes to sorting small objects, such as removing unripe and rotten berries from a pile, taking the rotting intestines out of a carcass, separating juicy leaves from hard ones, picking the most tender pieces of meat out from between the bones, digging the best roots out of the ground and peeling fruit. In order to process these 3D colour images, to make the right decisions and to then control the fine motor skills of two complex hands, a big brain is necessary: that’s why we’re called Homo sapiens, which means ‘wise human’.

In the development of obesity, that marvellous brain unfortunately plays a detrimental role. And that is because of something interesting: the fact that people perceive high-calorie food as ‘tasty’. If something tastes sweet or delectable, our brain rewards us for making the right choice with a pleasant sensation. In the animal kingdom, this phenomenon is relatively new. A hungry hyena eats a rotting zebra cadaver whole. It doesn’t care whether or not it tastes good, as every bit of food helps satisfy its hunger. That wasn’t the case for early Homo sapiens: they only enjoyed the most nutritious parts (meat, but also other food with high calorific values, such as fruit and grains), as that’s how they would get most energy from each meal, which could then be stored in the fat tissue.

That new sensation of ‘tastiness’ has replaced the old sensation of ‘hunger’. Humans didn’t only seek food to satisfy hunger; they also sought tasty, high-calorie foods. That’s how humans became selective omnivores, which was extremely beneficial to a small species that had struggled to hold its own around the large predators. With less physical effort, Homo sapiens were able to take in more food of a much higher quality, densely packed with calories and nutrients. As a result of their more efficient diet, they even had time left over to rest, daydream and fantasise, for example about the delicious berries and the mammoth they would find and catch the following day.

The first humans were social beings that lived and ate in groups. Children had a prominent position in society, as the group wouldn’t have a future without them. As children couldn’t eat as much as adults, they would get the best parts of the loot: those parts containing the most energy. This is how they learned from the adults, from a young age, what was high-quality and therefore tasty, and what wasn’t. We still subconsciously teach our children to like sweet, red and flavourful food. It’s not without reason that ketchup is so popular with children. It is as red as fresh meat and has an unmistakably rich flavour, but also contains more than 20 per cent pure sugar.

This is an important cause of today’s obesity epidemic; people spoil their children by giving them the most delicious food. Whereas in the wild, the prehistoric man’s metabolism would quickly convert high-quality and high-calorie food into energy for walking long distances and building houses, in today’s world these are predominantly ‘empty’ calories that we eat purely because the food tastes good. This food acts as a filler as opposed to real nutrition, and our energy utilisation is completely different too. If sweets, crisps and ketchup had been available to the prehistoric man, we would have been too fat for thousands of years already.

Thanks to the brain, humans started making weapons and tools and discovered fire. This enabled them to cook, meaning they could consume food in easier, tastier ways. As a result, they turned their backs on hunting and gathering in order to develop new, hyper-selective ways of producing food: agriculture and livestock farming. One-sided food rapidly became more abundant. It was only a matter of time before something would go wrong.

An ingenious brain results in complex eating behaviour

Our brain consists of various layers. For a basic function like ‘eating’, the metabolism, digestive system, hormones, nerves, muscles and brain are all involved. We have looked in detail at metabolism and the digestive system and have seen how a very complex interaction takes place in the outermost layer of our brain, the cerebral cortex, which results in our complex eating behaviour. This also explains the many types of psychological eating disorder that can lead to obesity, such as emotional eating, bulimia, stress eating and binge eating disorder.

Our behaviour is controlled not by a single layer of the brain, but by multiple layers (see the figure on page 120). The innermost layer of the brain, where the brainstem and hypothalamus are located, is called our ‘first nature’: our reptilian brain.43 There we find the ancient instinct of human beings, the hunter-gatherers from whom we originate, who had to act fast in the event of danger. The vomeronasal organ, which was mentioned in Chapter 1, and pheromones also influence this innermost layer of the brain. That’s why we want to consume anything that tastes good without constraint, our eyes are metaphorically bigger than our stomachs and we prefer to eat our food (after having smelled, tasted and felt whether it’s good for us) alone or with our offspring. Mothers like to see their children eating well.

In humans, another layer formed around this innermost layer. This limbic system is called our ‘second nature’ and controls our emotional life. When humans gave up the freedom of hunting and gathering to become farmers, new rules of life were necessary. We now consider this set of morals self-explanatory; it is the cornerstone of our civilisation, comprising agreements about things like ownership and moderation. Whoever works (or inherits) most has access to the most food. Taking whatever was tasty became theft and waiting for the harvest became a virtue. The difference between poor and rich was expressed in a difference between fat and thin, as we saw with Princess Caroline and the miserable medieval Pope Innocent VIII.

In the outermost layer, our ‘third nature’ developed: the cerebral cortex, which houses our willpower and rationale. This comprises the rules of life for humans who no longer hunt, gather or cultivate. These are the societal rules and regulations, the religious food regulations, the governmental food guidelines, the food pyramid guide, the advice from the doctor, the diets. The ‘third nature’ bombards us with warnings that contradict our ‘first nature’: avoid carbohydrates, sugar and fat, don’t overeat, don’t skip breakfast, keep an eye on your cholesterol, count your calories, weigh your ingredients, use a food tracker app. People are even willing to pay for diets that will help them eat less. To the primitive man, this would have sounded completely bonkers!

The warnings or signals originate in our brain, a type of supercomputer that is also powered by electricity. The transmission of signals by the nerve cells takes place via electrical impulses. However, the actual transfer of an impulse from one nerve cell to another doesn’t happen via electrical impulses, but via chemical substances called neurotransmitters.

An important neurotransmitter in the brain is serotonin, which we are familiar with from the feeling of being in love or having butterflies in our stomach. The substance not only affects our mood, but also indirectly affects our weight. We know this because many antidepressants also increase appetite and cause weight gain due to their effect on serotonin. Serotonin, mood and appetite are all connected.

More than 90 per cent of all serotonin in the body is made in the small intestine and potentially controlled by the bacteria that live there, but it’s not yet clear exactly how serotonin influences the brain. There are indications that microbes in the gut play a role in weight gain, and that the residents of your gut influence not only appetite, but also mood. I will discuss this in more detail in Chapter 6.

Is a gastric bypass a good idea?

Let’s return to the question: should Maria have a gastric bypass in order to get rid of her excess weight? Despite her lack of exercise, she needs to consume an average of two thousand four hundred calories a day in order to maintain her current weight, the way her body wants it. In her case, a congenital defect relating to the production of the hormone leptin is not likely, as she only became overweight after her pregnancies. However, the high concentration of the hormone ghrelin in her blood will stimulate her sense of hunger. This, in the context of set-point weight, may explain why Maria feels so much hungrier than the people around her now that she has become overweight. And the cause may therefore relate to an epigenetic change: because she ate too much over a long period of time, this high food intake has been ‘imprinted’ in her genetic material.

But that’s no reason to simply accept things the way they are. This woman, like everyone else, has a powerful mechanism she can use to combat the weight that is impairing her life: her brain. With her brain, she can choose what she does and doesn’t eat. However, that is precisely her problem. Those choices are what led to her gaining so much weight in the first place, either consciously or subconsciously. If she had lived in the prehistoric period, she would have become a successful hunter-gatherer, with successful children whom she would have taught to make the same choices. The scarcity of food would have kept her calorie intake in check (the reason why our predecessors weren’t overweight, whereas obesity is prevalent today). Her problem is that she is making old choices in a new earthly paradise. The calories are there for the taking – even, or perhaps especially – for those who don’t have much money.

One of the newer treatment methods for obesity is to administer a high dosage of the synthetic gut hormone GLP-1 in order to decrease the sense of hunger. The question around this is: how long does that effect last?44 A bariatric operation on the digestive tract is much more invasive than daily injections with GLP-1, but by artificially restricting calorie intake and recalibrating the metabolism, the procedure can restore the balance.

Operations to tackle obesity are as old as the Roman Empire. Pliny the Elder dedicates a chapter to a fat young man in his Natural History (78 AD): ‘It is also on record that the son of the consular Lucius Apronius had his fat removed by an operation and relieved his body of unmanageable weight.’ The historian also claims that fat tissue is insensitive and does not contain any blood vessels.45 It is likely that this operation was performed from time to time in the Roman Empire; a hundred years later a similar operation was described in the Talmud, with reference to the exceptionally fat rabbi Eleazar ben Simon from Judea: ‘And he was given a sleeping potion and taken to a marble room where his stomach was cut open and baskets upon baskets of fat were removed from it.’46 The reason for the operation was both cosmetic as well as functional, ‘as the good man apparently suffered from the size of his belly in the marital bed’.

It seems unlikely that the abdominal cavity itself was actually cut open in these operations, as Hippocrates had already known centuries earlier that this would be fatal and both men lived for years after their operations. In the case of the son of Lucius Apronius, it was probably not fat tissue that was removed, but excess skin. Apronius had been sent on a mission to Africa, where he probably lost a considerable amount of weight. In that case, the intervention didn’t involve the removal of fat, but was instead what’s now known as a tummy tuck, or abdominoplasty. This technique came into fashion in the 1960s after Ivo Pitanguy, a Brazilian surgeon, performed it on the American actress Elizabeth Taylor.47 In the 1980s, the French surgeon Yves-Gérard Illouz came up with the brilliant idea of suctioning the subcutaneous fat away with a vacuum as opposed to cutting it out. With that, liposuction was invented. We now know that removing subcutaneous fat has a cosmetic effect, but doesn’t do much to help the metabolism, which was the whole point of the procedure.

Other interventions that target the abdominal cavity appear to be more effective in terms of helping people lose weight. In the 1960s, the American surgeon Edward Mason experimented with stomach-reducing operations, with varying levels of success. In his scientific publication from 1969, he claimed that if the patient lost weight, it was as a result of Mason’s surgery; if not, it was the patient’s fault. He later refined the procedure to what is today’s gold standard: a gastric bypass performed using keyhole (laparoscopic) surgery. As a result of this procedure, patients can expect to weigh a quarter less for the rest of their lives.48



Bariatric surgery (commonly referred to as ‘gastric bypass’) has greatly increased in importance in western society over the last twenty years, and is now the most common stomach operation in the world to combat obesity. At first glance, this weight-loss intervention might seem too easy a fix for a problem that someone has ‘done to themselves’. But whatever you think, a gastric bypass operation that leads to improved hormone levels is currently the only treatment with a sufficiently sustainable result. The positive side effects of these operations also speak for themselves. Three quarters of patients with diabetes no longer require medication; the same number experience improvements to their health for the rest of their lives, giving them back the chance to age healthily.49 Of course, the fact remains that an operation on the stomach doesn’t address the root cause of the problem. But is this important if you can treat the effects? You might say: throw the ballast overboard, so the boat is free and can sail again. Remove the excess weight, and the patient can start living their life again.

In a gastric bypass, the intestine is connected to the top of the stomach, so the food passes directly to the intestine after swallowing it, where it can be digested. The food is therefore not subject to the three-hour wait in the stomach. This means that hunger can dissipate while the patient is still eating, but the patient will have to eat multiple small meals a day for the rest of their life.

This is the treatment that Maria received, and her operation was a success. She lost her extra six stone and hasn’t put the weight back on again so far.

The gastric bypass, which is the last resort in the case of morbid obesity, also reduces the ability to perceive sweet flavours. As expected, a decreased desire for sweet things because of a change to our digestive hormones after the intervention contributes to weight loss, and vice versa: a less accurate perception of flavours can lead to weight gain if the body accidentally fails to send signals of satiety to the brain. The discrepancy between what we are tasting and what we are actually eating deceives the body when it comes to estimating the reserves in our cellular store cupboard.

Although the operation is remarkably safe and can be performed in less than an hour, the number of people with obesity or morbid obesity who would qualify for it has become so great that all the surgeons in the world wouldn’t be able to operate on all of them, even if that was all they did for the rest of their lives. Gastric bypass surgery is therefore not the solution to the obesity epidemic. Obesity is an important risk factor for what we refer to as ‘diseases of affluence’: diabetes, cardiovascular disease and cancer. Morbidly obese people therefore have a shorter life expectancy. And this is the case all over the world; while infectious diseases and malnutrition were still the major causes of death in Africa until recently, these diseases of affluence are now increasing there too.

Perhaps the obesity epidemic will lead to a division of our species, and in the future we will speak of a Homo sapiens proprius, the true, healthy human with a long life expectancy, and the Homo sapiens obesitate, the human with obesity. This is precisely why it is important that when combating the obesity epidemic, we utilise our knowledge about hormones and their influence on our eating habits. By analysing this knowledge, we can develop new medicines and treatments. It’s not yet clear whether the best way to do so is to supplement lacking hormones or to surgically intervene in the anatomy of the stomach, thereby indirectly affecting the mutual interplay between the brain, metabolism and digestive system.

Perhaps our gut bacteria also play an important role in the treatment of obesity…


6 

Residents of Your Gut

Key Players in Your Hormone Balance

In autumn 2006, I was training as a doctor in internal medicine at Amsterdam University Medical Center. A melancholy patient in her eighties had been in our department for many months; she had developed chronic diarrhoea from a course of antibiotics used to treat a urine infection. Medication was no longer able to help. The diarrhoea was the result of an infection caused by the bacterium Clostridium difficile, which damages the intestinal lining and leads to severe abdominal pain, fever and cramps. Patients suffer from bouts of watery diarrhoea up to ten times a day, causing them to lose weight and become so weak that they end up completely bedridden.

Twenty per cent of patients with this infection ultimately succumb to it. It’s therefore hardly surprising that many of them feel melancholy. As the woman had been lying in bed in a depressed state for so long, she was completely emaciated and had bedsores all over her body. It was a very grave situation.

The woman wanted nothing more than to go home to be with her husband, who had metastatic cancer. I could understand that only too well, and so off I went, perhaps overconfidently, in search of a treatment that would provide a short-term solution. My efforts were in vain, until I remembered a presentation from a conference a few years earlier, in which Johannes Aas, a gastroenterologist, had explained how he had treated such cases using the faeces of a healthy person after having read a publication about it from 1958.1 By infusing healthy faeces with other bacteria, the proliferation of this troublesome bacterium is slowed down.2 As a result, there is a battle between the bacteria, whereby the healthy type – which is best at multiplying – wins and ousts the bad Clostridium bacterium from the gut. What happens on a daily basis in nature can be supported in a body by means of a faecal transplantation. Only years after the presentation by the Norwegian doctor did the importance of his words become clear to me.

Within a week, after gaining the patient’s consent, I had everything I needed ready for the first faecal transplantation in the Netherlands. I would have never thought you could use a simple food processor to prepare a stool solution… One Friday afternoon we carried out the treatment by introducing stool obtained from the patient’s son via colonoscopy. I sensed the excitement rising in the treatment room as everyone present, nurses and doctors alike, felt that something very special was about to happen.

The patient was safely returned to her room in the hospital that afternoon and, at first, nothing seemed any different. However, when I saw her after the weekend, it turned out that her chronic diarrhoea had, in fact, improved. The woman had been for a little walk for the first time in months and was in great spirits. She didn’t have any side effects from the treatment, except that her melancholia had left without trace. She returned home the very next day, together with her husband. Thanks to the treatment, they were able to enjoy life together for several more years.



In 2014 Gut was published, written by Giulia Enders, a PhD student at Goethe University in Frankfurt, who was twenty-four at the time.3 The book changed the impression that many readers had of their digestive system overnight. More than a million copies were sold in its first year of publication and it has since been translated into forty languages. Gut does away with the notion that the gastrointestinal tract is nothing more than a channel into which food and drink enter at one end and out of which faeces and farts exit at the other. Enders shows how complex and fascinating our gut is. And although this subject is more complicated than she would have us believe, I – as a researcher into the role of gut bacteria in endocrinological processes – completely agree with her on a number of points.

What has this got to do with our hormones? A lot. This is because the bacteria in our gut are indispensable when it comes to maintaining a healthy hormonal balance. They are involved in the release and production of dozens of different hormones.4 Gut bacteria influence the creation of hormones and the function of the brain via the central nervous system.5 Furthermore, bacteria in general often lead to the discovery of new medicines, ranging from antibiotics to cholesterol-reducing drugs.6 In summary, the bacteria in and around us are key to a healthy life!



This chapter is all about the gut and its residents. What do we know about them and why does this subject belong in a book about hormones? And, more importantly, what can we do in order to maintain the right balance between our gut bacteria and hormones?

Perhaps Hippocrates had the right idea all along

What we knew about the gut before the publication of Gut was the following: as your food travels through your gut, nutrients are removed and absorbed into the bloodstream through the intestinal wall. For those interested in the specifics of this process, here are a few details: the breakdown of starch begins in your mouth while you are still chewing. In the process, the first digestive enzyme, ptyalin, is released, which – like its sister amylase in the pancreas – breaks down starch from our food into carbohydrates.7 Ptyalin is deactivated by the stomach acid it encounters when the food pulp arrives in your stomach. As the enzymes from your saliva were thoroughly mixed together with the food pulp while you were chewing the food, the digestion of carbohydrates continues for at least an hour, i.e. also in your small intestine, where the food arrives after passing through your stomach. That’s why it is so important for your digestion to chew your food properly.

The proteins have already become smaller due to the acid in your stomach; now the enzyme pepsin further breaks down the proteins into amino acids, which in turn initiate the production of hormones in the gut. In the small intestine, the breakdown of carbohydrates into sugar (glucose) is then completed with the help of enzymes from the pancreas. Further on in the gut, fats are broken down into fatty acids so they can be burned more easily. Once your food has been thoroughly broken down into tiny pieces, these pieces are absorbed into the bloodstream through the intestinal wall via the lymph (the fluid that consists of white blood cells). The parts that remain, such as indigestible fibres, continue their journey and are combined with other waste products. In the final part of the gut, the large intestine, the remaining moisture, which contains a number of essential vitamins and minerals, is removed with the help of the digestive hormone GLP-1.8 At the last part of the large intestine – the rectum – the waste materials leave our body and disappear down the toilet.

That is a brief version of the classic summary of our digestive system the way we learned it at school and the way it has been taught to medical students at universities for many decades.

However, according to Giulia Enders, our gastrointestinal tract is a much more complicated and also more ambitious organ. Our gut and its residents are responsible for the production of numerous different hormones and who knows how many other unknown hormone-like substances. I have already described the most important hormones involved in digestion: insulin, GLP-1 and CCK. Serotonin (produced in the small and large intestine) can also be added to the list.9 Gut bacteria are important for our bowel movements and we now know that they are involved in the production of cortisol and adrenaline in the adrenal gland, and that pheromones are also produced in our faeces.10 In summary, our gut is so much more than the producer of faeces and farts. You could even refer to it, in Enders’ words, as an ‘elegant ballet dancer’.

Her debut came at just the right time. Over the past fifteen years, our understanding of the true nature and function of the gut has fundamentally changed. Where in the past we could only study gut bacteria per culture using cultivation methods, we can now find out what’s residing in our gut within a couple of hours by reading the genetic codes (DNA sequencing).11 Some researchers over the past decades12 have even gone as far as describing the gut as our second brain due to its influence on our behaviour – after all, your gut communicates with your brain via the nervous system and hormones.

We have actually already known that for some time. Expressions like, ‘I’ve got a lump in my throat’ and, ‘My stomach is in knots’ show that the connection between gut and brain is nothing new. We can be grateful to Giulia Enders for the fact that she has made the gut a bit more popular for a lot of people.

But there is a lot more to be said about this clever organ. Not only do we have a better understanding of how our gut works, but these new insights also contribute to what we know about our hormonal balance. Our well-being appears to depend greatly on our gut bacteria, for instance. A healthy gut not only provides resistance, but also gives us energy and higher levels of concentration. The residents of our gut determine whether we can remember lists of French vocabulary, whether we sleep well, how much and what we eat, and even how the emotional bond with our children is regulated in our brain.

However, besides all of these positive characteristics of gut bacteria, there are also bad bacteria that can negatively impact our body and how we function.13 The University of Cambridge Professor of psychiatry Edward Bullmore wrote The Inflamed Mind in 2018. In this bestseller, he explains how a digestive system with bad gut bacteria can lead to illnesses like depression (through a lack of serotonin), Parkinson’s disease (through a lack of dopamine) and dementia (through chronic inflammation of certain brain cells).14 Hippocrates, the father of modern medicine, committed this same thought to paper 2,500 years ago: ‘All disease begins in the gut.’

Why we don’t always hear about new insights

The complexity of our gut was written about long before Giulia Enders arrived on the scene. Joshua Lederberg, the American molecular biologist who won the Nobel Prize for Physiology of Medicine in 1958 at the age of thirty-three, proved to be a visionary.15 Several decades ago, he recognised that a better understanding of the intestinal flora – and the production of pheromones and hormone-like substances that takes place in the gut – could contribute to a better understanding of how our body works. In 2001, he introduced the term ‘microbiome’: the collective name for the millions of microorganisms that are found in our gut, comprising bacteria, fungi, viruses and yeasts. They keep our gut healthy and protect us against germs. This insight led to a real revolution in biomedical science. But Lederberg still wasn’t the first to recognise the importance of the intestinal flora. In books on Chinese medicine from the fourth century BC, the alchemist Ge Hong recommended a suspension made from the faeces of babies (‘yellow soup’) to treat depression and stomach complaints.16 At the start of the last century, the British army officer and writer Thomas Edward Lawrence, better known as Lawrence of Arabia, was given tea made from camel faeces as a welcome drink by the Bedouins on the Arabian Peninsula. It was said that this would prevent illness. It is only in the past few years that this has been exposed as a myth.17

It sometimes takes a while to hear about new insights, even if they are actually already old, and it wasn’t until the start of the twenty-first century that doctors recognised the practical benefits that the new term microbiome could entail, such as manipulation of the immune system and improvements to our metabolism and digestion. New knowledge often raises new questions: which gut bacteria are actually found in the gut and where exactly are they located? What do they do there? How do they get there? And – an important question in the field of medicine – how can we gain health benefits by influencing the intestinal flora?

Over the past ten years, research into the gut has exploded. The number of publications about the subject has increased seven-fold over the past five years (from 1,178 scientific articles in 2010 to 8,986 in 2021). This is thanks to the way in which the composition of gut bacteria can now be studied. A few years ago, a special science magazine (Microbiome) was launched that focuses on research into the composition and function of gut bacteria in humans and animals. Special microbiome conferences are held all over the world, the topic brings in venture capital, and start-up companies are springing up that want to benefit from the opportunities. Representatives of patient associations and big pharmaceutical companies are also stirring; everyone wants to play a part and get a share of the many opportunities the microbiome offers. These range from better diagnostics to new treatment possibilities. It remains to be seen whether these hopes will be fulfilled or if it is all just hype and hot air. But what does this microbiome mean in terms of improvements to our health? And how can scientists prove that bacteria are actually the cause of certain hormonal diseases?

The residents of our gut

In 2002, I was on placement in the ear, nose and throat department at the Charité hospital in Berlin. I was assigned to a professor who had trained as a doctor in East Germany. The first time I met her, she told me, ‘A good trainee doctor doesn’t ask, but listens.’ So, while I sat beside her on a stool in silence, I became acquainted with all the infections that present themselves in the head and throat region.

That’s where I came under the spell of Robert Koch (1843–1910) and his research into the influence of bacteria on the development of infections. Koch was a district doctor in Wolsztyn in Poland (Prussia at the time) and became fascinated in the saliva, stool and wound exudate of his patients – especially after his wife gave him a microscope as a birthday present. In a small corner of his surgery, he worked on one of the biggest discoveries in the world of medicine, which was deservedly awarded the Nobel Prize in 1905. What did he discover? That bacteria can cause infections.

After Koch started work as a professor in the Charité hospital (and walked the same corridors that I would walk almost a hundred years later), he published his ‘Koch’s postulates’.18 These are a number of rules of thumb that doctors and scientists can use to establish whether certain bacteria and viruses cause human diseases. According to his criteria – as we saw with the COVID-19 pandemic – a bacterium or virus (or pathogen) must first be encountered in large numbers in a person. Secondly, it must then be possible for the pathogen to be isolated and cultured. Thirdly, after exposing a laboratory animal to the pathogen, it must cause the suspected disease (and the animal must be able to be cured again after treatment). Finally, the bacterium from the experiment with the animal must be the same as the one encountered with the patient.

The question remains: how can bacteria be transferred from one human to another in order to strengthen the effect of our hormones?



After successfully performing the first Dutch faecal transplantation at Amsterdam University Medical Center in 2006, the treatment was carried out on a similar group of patients in a large-scale study with equal success.19 Since then, it has been included in the arsenal of treatments for the chronic diarrhoea associated with Clostridium difficile all over the world. As an endocrinologist, I became increasingly interested in the effects of donor faecal transplantations on the hormonal balance. We discovered, for example – this was later confirmed by further research – that a change to the gut bacteria composition makes a body more sensitive to insulin20 and that the effect of serotonin and dopamine decreases in the brains of overweight people.21 Consider, for example, how a lack of serotonin immediately makes people feel gloomy. Sterile mice that have never had a bacterium in their gut are more anxious than mice found in the wild, and less able to learn new things. Their digestive tract is also less well-developed.22 To me, this seemed a good reason to take a closer look at the ‘good’ residents our guts are hosting and the ‘squatters’ we ought to be aware of.

In our bodies, bacteria generally group together in complex communities – referred to by Lederberg as ‘microbiota’ – most of which are found in the gut. Until fifteen years ago, it was only possible to see which bacteria were on the skin or in the stool by growing a bacterial culture. The organ, stool or liquid under investigation would be swabbed and then rubbed around a ‘nutritious’ plate (containing sheep’s blood) a few times to reveal which bacteria were growing.

That was a difficult undertaking, because if there were not quite enough bacteria on the swab or if the bacteria didn’t thrive when exposed to air, for example, nothing would grow. It’s easy to see how this selective method led to a vast underestimation of the number of bacteria in the gut. Back then, it was assumed that only approximately three hundred types of bacteria lived in the gut. Since then, major progress has been made in terms of determining the exact composition of our gut. This is possible thanks to high-throughput screening for analysing bacterial DNA. This state-of-the-art technology has allowed us to establish that every gram of stool in a healthy gut contains thousands of different types of bacteria. That’s considerably more than the three hundred types previously assumed to live there – and that’s before taking viruses and fungi into account. What’s more, these residents of the gut also release chemicals from our food. It was recently established, for example, that a volume of alcohol is produced in our gut each day that is equivalent to two to three bottles of beer in a healthy person and up to half a litre of whisky in an obese person.23 Who would have thought we are running a small brewery in our belly!

So, there are many types of bacteria and they also have a far-reaching impact. The magician’s box that the population of bacteria in our gut constitutes proves much more versatile than the once-held notion of a simple digestive tract. You could think of the gut microbiome (including fungi and viruses as well as bacteria) as an organ weighing roughly two kilograms that fulfils many different functions. As mentioned, it produces desirable hormones such as serotonin and dopamine, important for our mood, but it also generates harmful substances, such as the hormone-like substance kynurenine, made from tryptophan.24 Elevated levels of this substance are found in the blood of patients with inflammatory bowel disease and can cause low mood and fatty liver. We also recently discovered that the immune cells from our bone marrow first travel to the small intestine, where they learn to differentiate between good and bad bacteria – a type of primary education for our immune system – before fulfilling their role as our body’s defence system.25 This ‘training’ sometimes goes wrong, causing the immune cells to turn against our hormone factory, which can result in an exhausted thyroid gland.26

Simply put, your gut bacteria are vital. In addition to taking care of the immune system, they also take as much energy as possible from your food – that is, if it stays in your gut long enough.27 Due to a poorer composition of gut bacteria, people who are overweight have slower bowels (the transit time).28 With mice, the composition of gut bacteria even affects body temperature and metabolism.29 Since a diverse microbiome contributes to a better quality of sleep,30 jetlag can shake up our internal residents in such a way that it disrupts the release of the sleep hormone melatonin.31 It goes without saying that your metabolism is then affected too.

But what about the ‘squatters’, those bad bacteria you would rather not have in your own four walls? Don’t forget that you have a built-in alarm – your immune system – which keeps intruders out. Your gut bacteria also work together to successfully ward off pathogens. If, for example, a bacterium that is resistant to antibiotics threatens to get the upper hand, the healthy intestinal flora responds immediately by providing extra protection to the intestinal lining.32 The new resident is ‘taken hostage’ and a large-scale squatter movement cannot be formed.

Gut bacteria also work together by producing natural toxins to inhibit the growth of other bacteria. The best-known example of this type of toxin is penicillin, which – like almost all other antibiotics – provides one group of bacteria with a weapon by which to eliminate another group of bacteria. Bacteria can make bacteriocins, which destroy the bad bacteria in our gut, including those able to sustain a chronic stress reaction in our body.33,34 In this way, the human body and gut bacteria have a mutually beneficial relationship.

How do we end up with all those gut bacteria?

During pregnancy, the mother’s gut bacteria change, probably under the influence of pregnancy hormones.35 In the first and third trimester, the gut bacteria of an expectant mother are most similar to those of an overweight person, probably so the mother’s gut can absorb as much energy as possible from food, giving the baby the best possible start in life. The way in which a child comes into the world also appears to play an important role in the development of their intestinal flora and the development of potential diseases at a later age. If the mother has a vaginal birth, bacteria from her gut are transferred into the baby’s mouth and end up in the baby’s gut. These bacteria are presented to the newborn baby’s defence system via both the vagina and the bloodstream, which stimulates and nurtures the baby’s immune system so that it can better respond to any unknown bacteria it encounters.

It therefore appears that bacteria from the gut are more diverse and more ‘pathogenic’ than bacteria from the mother’s skin. A child born by caesarean section is placed against the mother’s skin and, in that case, the skin bacteria will enter and populate the gut via breastfeeding. This does, however, make a big difference. The skin bacteria are received by the gut’s immune system in a friendlier way, which means they can multiply more easily there. At the same time, the child’s immune system is less well ‘trained’ as a result. It is an easier dance – not a tango, as Giulia Enders would say – and a consequence of this is the immune system struggles to master the difficult steps.

This can cause problems at a later age. If you have never learned to deal with these unknown bacteria, pathogens (for example after food poisoning) are more likely to enter your microbiome. They can then take hold and cause great damage – for example, by causing immune disease of the thyroid and pancreas36 – whereas what we want is for these harmful bacteria to have no chance there. Fortunately, it is possible to ‘train’ caesarean section babies. Katri Korpela, a researcher in the field of the microbiome at the University of Helsinki, recently led a study in which babies born via caesarean section were treated with a suspension containing their mother’s faeces by means of a mini faecal transplantation. Through her study, Korpela demonstrated that babies have a much healthier start in life if the mother’s vaginal and gut bacteria (as opposed to skin bacteria) are able to take hold in the newborn’s gut.37

Whether or not you are born by caesarean section, your intestinal flora develops from birth onwards into a complex and stable community of microorganisms. Viruses, fungi, parasites and bacteria live – if all is well – harmoniously together. If one of the residents takes up too much space, this is rectified by the other gut bacteria and their hormone-like substances, as previously mentioned.

The development of such a community has its ups and downs, and the environment in which the baby is raised also plays a role. In the past, it was completely normal for a baby to be breastfed by various women. Recent research shows that whether or not a baby is breastfed has a big influence on the formation of favourable (or unfavourable) strains of bacteria in the baby’s gut, as the immune system is either better or less well adjusted, which influences the likelihood of disease later in life.38

Poop group!
Interestingly, we have discovered that cohabiting family members share microbiota with each other. It even appears that people share up to 50 per cent of their microbiota with their pets.39 People can be divided into groups on the basis of a certain composition of their gut bacteria, the way we do with blood types. These so-called ‘enterotypes’ or ‘poop groups’ are not related to nationality, sex, age or weight, but diet is an important common factor.40 What’s striking is that these poop groups can also influence the effect of thyroid hormone and insulin.41,42
Before long, hospitals may be able to offer tests to determine our poop group. This would then help us detect certain (endocrine) disorders at an earlier stage. Our gut microbiome not only contributes to our general well-being, but may also shed light on our susceptibility to certain diseases, or the effect of a diet, the consequences of alcohol consumption and possibly even the effects of medication. It may well be the case that paracetamol is less effective for person A who went out last night and woke up with an awful hangover than for person B, who also drank too much but, due to their genes, has more bacteria in their gut that don’t break down the components of paracetamol before they are absorbed into their bloodstream. Of course, these are only hypotheses, but there is no doubt whatsoever that further research in this field is called for.


What the future might hold for us

In the same way that a healthy gut microbiome keeps you fit, changes to its composition can lead to endocrine disorders. And even though a lot of research is needed before we can understand exactly how that works, there are already important insights that may be able to help us. According to Professor Martin Blaser, doctor and microbiologist at Rutgers University in New Jersey, the diversity of our intestinal flora can decrease so drastically due to the frequent use of antibiotics and our western lifestyle that it can often take months before it recovers – and in many cases it never manages to fully regain a balance.43 We recently discovered that the intestinal flora of indigenous people of the Amazon, who have never taken antibiotics or consumed a western diet, is 30 per cent richer than ours.44 An interesting detail is that there is virtually no diabetes and obesity in this population. Based on the fact that 50 per cent of your intestinal flora comes from your parents and the other 50 per cent from your environment, Blaser believes there will be a loss of diversity of gut bacteria with every new generation.45 With this information in mind, take another look, without prejudice, at your child’s full nappy.

Is there any hope for people with a ‘poor’ gut bacteria composition? As mentioned, donor faecal transplantations are already available in hospitals and are able to improve the composition of your intestinal flora, at least temporarily. They are currently available as elegant capsules – somewhat more appealing than eating faeces – and some private clinics already offer this type of treatment for big sums of money.46 Although I think it is still too soon for commercial treatments with faecal transplantation, further research could offer insights into the hormonal treasure chest our gut bacteria are likely to constitute for our health. The significance of this new knowledge for the individual patient remains to be seen.

It’s sometimes useful to look back on what was written thousands of years ago. Doctors have known for some time that the thyroid, which acts as our body’s metronome by aligning heart rate, temperature and metabolism, plays an important role in metabolism. It has been known for thousands of years that our gut stops working effectively in the event of a lack of thyroid hormone. That is perhaps why the Greek surgeon and pharmacologist Dioscorides, who lived in the first century after Christ and wrote the pharmacopoeia De materia medica, worked on an early version of faecal transplantation. He tried desperately to help thyroid patients by administering them the faeces of healthy dogs and lizards.47 Although his book doesn’t explain why he chose these species in particular, he was obviously well-acquainted with the relationship between normal stool and an effective thyroid function.

While faeces were, for many years, seen as the useless and malodorous end product of metabolism, it now seems to be becoming a new treatment method. Just think, for example, of consuming of a bacterial strain drink designed especially for you to prevent you from developing rheumatism or diabetes, or of medicines being made from hormone-like substances obtained from your own gut bacteria, which then improve your metabolism. This was once a utopia, but before long it may be the basis for new medical treatments and the discovery of new hormones. While I don’t believe improving our gut bacteria composition and diversity will resolve all of the world’s diseases, I do expect it will give us better control of our hormonal balance.

A new generation of researchers will be able to rein in the power of hormones in our daily lives via interventions to the gut bacteria. As a result, an improved thyroid function could help reduce the severity of an autoimmune disease, for example, or an increased appetite could help patients undergoing cancer treatment. And there are many other conditions in which hormones are important for our physical and mental well-being and for which gut bacteria may be able to have a beneficial role. This is a fantastic prospect – thanks to Ge Hong and Dioscorides, who shared their insights more than two thousand years ago.


7 

Hormones Make or Break the Man and Woman

Adulthood

An American study in 2009 found that between 5 and 10 per cent of the adult population will be affected by an endocrine disease at some point.1 These are mainly the usual suspects: diabetes and thyroid disorders, such as hypothyroidism. However, all endocrine disorders have a big impact on the disease burden and on the chance of survival of patients. If the endocrine glands no longer work effectively, you might think we could fix this by substituting the missing hormones with pills or injections. This is something we are able to do as doctors, but it doesn’t magic the problem away. Medication is unable to simulate the natural regulation and production of hormones. It is the subtle interplay between body and endocrine system that is responsible for our well-being. Or, as Hilary Mantel put it in the Foreword to this book: if your hormonal balance changes, your mind changes too.2

In this chapter, we will take a closer look at the most common hormone treatments – starting with the contraceptive pill – and at endocrine disorders in adults.

The birth of the contraceptive pill

During my time at the University of California in San Diego between 2007 and 2008, I enjoyed attending the weekly academic lunchtime seminars in which famous alumni like the businessman Craig Venter and Nobel Prize winner Paul Crutzen would tell their life stories, in shorts and flip-flops, to an interested and heterogenous audience in a well-filled auditorium. After the seminar, we were invited to have a chat with these luminaries over a cup of coffee.

It was at one of these events that I heard about Carl Djerassi, a well-known American scientist and writer who was involved in the development of the contraceptive pill in the 1950s. In his wonderful autobiography, This Man’s Pill,3 he evocatively describes how the discovery of the production of synthetic female hormone in the lab unfolded before his eyes. Yet he wonders, and rightly so, why a pill for men has not been developed. And why was it that in some countries, such as Japan, the pill wasn’t available from doctors until the end of the 1990s?

However, Djerassi’s main conclusion was that there wouldn’t have been a sexual revolution without the contraceptive pill. Studies from the 1960s showed that frequent use of the hormones oestrogen and progestogen made a woman less fertile. This discovery came at a remarkably opportune moment: on the one hand, certain groups were warning of overpopulation in wealthy western Europe; on the other hand, feminists were keen to see women gain more control over the timing of their reproduction.

The modern contraceptive pill contains either just progesterone, or both progesterone and oestrogen. These two hormones inhibit ovulation (see Chapter 1), which prevents fertilisation by a sperm cell. This is the best-known effect of ‘the pill’, but it can also be used for menstrual complaints such as heavy bleeding and for pre-menstrual syndrome (PMS). It is also used for patients with endometriosis, an often-undiagnosed condition in which endometrial tissue spreads through the ovaries and abdominal cavity. Endometriosis is associated with severe pain, and although treatment with the contraceptive pill reduces the symptoms, it doesn’t address the root of the problem.

In 1995, Saskia Middeldorp, a professor of internal medicine in Nijmegen, Gelderland, whose field of research is thrombosis, raised the alarm when it emerged that the use of a certain pill led to an increased risk of thrombosis (clots in the blood vessels that can prove fatal). The consequence was a drastic decrease in the prescription of pills with high levels of oestrogen.4 At the same time, people became more aware of other side effects of hormonal medications. Weight gain (due to additional oestrogen) and decreased libido are some of the most common complaints associated with taking the pill. It has been suspected for a long time that the pill reduces libido. This is probably because a lengthy period of hormonal ‘supplementation’ suppresses the production of your own sex hormones more and more, resulting in consistently high levels of progesterone and oestrogen, and fewer androgens, relatively speaking. This can have a significant impact on your body, in both positive and negative terms. Through the widespread, global use of the pill, these effects are becoming increasingly evident.5

A contraceptive pill containing progesterone could also lead to fatigue and mood changes. This can be a great burden for some women and reason enough to stop taking it. Some people are more susceptible to the negative effects of progesterone than others.6 In a recent large-scale Danish study, the connection between depressive feelings and the use of female hormones was examined more extensively. Almost half a million women who used hormonal contraceptives were followed over a period of eight years. The researchers looked specifically at the risk of (attempted) suicide and compared the participants with a control group of women who had never used hormones.7 The risk of attempted suicide proved significantly higher among users of the pill than the control group, and the effect was even more apparent in users of contraceptive pills containing progesterone. It’s therefore clear that some women are especially susceptible to this hormone. Doctors are strongly advised to take risk factors into account when prescribing certain contraceptive pills.

Prolonged fatigue is one of the most common side effects of the contraceptive pill. This is related to a shortage of testosterone, which makes women feel less energetic.8 The small amount of testosterone produced by the ovaries also decreases, because the hormones in the pill suppress the stimulation of this organ. A reduction of testosterone is sometimes actually the desired effect, for example if acne is the reason for taking the pill. And when you stop taking the pill, your own production of testosterone doesn’t suddenly return to normal, which is why you can still feel tired months later.9 Fortunately, if the pill doesn’t work for you there are also other types of hormonal contraceptive, such as the hormonal shot or the coil, which are also effective at preventing a pregnancy but have far fewer side effects.

There is one unexpected and beneficial side effect of the pill, however. Women are known for having good memories; they remember details much better than men.10 Research shows that this is influenced by the use of the contraceptive pill. In an experiment, women who did and didn’t take the pill were shown films and then, a week later, asked what they could remember. The women with a natural cycle remembered the emotional components much better, whereas those who were on the pill were able to summarise the story better, as men usually do.11 From this, we can deduce that a natural hormonal balance helps you remember emotional details, but that the contraceptive pill focuses your attention more on the core of the matter. The ability to remember details isn’t something to be proud of; it’s all down to your hormones. Now we just need to remember this detail ourselves.

If your immune system is compromised

I remember my first year of medical studies in Utrecht, in the mid-1990s. Standing in the dissecting room, with the penetrating odour of formalin in my nose (I could still smell it that night), I held them in my hand: a thyroid gland and two adrenal glands. They might be small, delicate organs, but they are incredibly important. Aristotle stated that the thyroid enables our soul to work better.12 In adulthood (from the age of twenty to fifty), it is often the thyroid and the adrenal glands that cause most complaints. The hormones they produce have a direct effect on the brain, energy levels, metabolism and the immune system – all of the tissues and cells that protect your body against intruders such as bacteria and viruses. And if your immune system isn’t functioning properly, it can’t do what it is meant to do: keep pathogens out.

That doesn’t go unnoticed: think, for example, of winter viruses or chronic problems such as high blood pressure. We have some understanding of flu and we recently also become acquainted with COVID-19. What’s less well known is the role that hormones play in our defence against these viruses. Chronically elevated levels of cortisol, for example, make us more susceptible to viral infections, and also more infectious to other people.13 Day after day, various hormonal substances work together to keep our blood pressure under control and to prevent us from fainting. These hormones are vitally important behind the scenes.

Often, we only realise that something is wrong when the endocrine system becomes unbalanced. Gradually, symptoms start to develop that can lead to illness. Complaints vary from physical (weight gain) to mental (depression) and from mild (muscular pain) to serious (death). Hormonal disorders in adulthood are sometimes caused by the deterioration of a hormone-producing gland, but they’re more likely to be caused by a process brought on by an autoimmune disease. This is when your immune system attacks the somatic cells in your hormone-producing glands and damages them. If, for example, you have an underactive thyroid gland (hypothyroidism), you produce antibodies that break down your thyroid gland and lead to scarring. As a result, your thyroid gland slows down and you often need treatment with synthetically made thyroid hormone in the form of pills.14 Doctors still don’t know exactly how to detect a malfunctioning hormone gland at an early stage, and by the time the disease manifests itself, it is often already too late. That’s why some patients need medical treatment for their entire lives. In the next sections, I will explain how exactly that works, starting with the thyroid gland.

Underactive or overactive thyroid

The thyroid is located just in front of the larynx and produces the hormone thyroxin (T4), which is involved in a whole host of important metabolic processes in the body. T4 regulates body temperature and metabolism (how the body obtains energy from food), and ensures that the gut absorbs and burns nutrients. The thyroid also promotes circulation; it is your body’s radiator, and the hypothalamus in the brain is the thermostat. If a thyroid gland isn’t functioning properly, the body uses its energy slower or faster than it ought to.
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The fact that the thyroid gland of a foetus is already formed in the third month of pregnancy, and is supplied with food and oxygen by four arteries – i.e. it is better connected to your circulatory system than many other organs – says a lot about how important this gland is. Your body can’t afford to have a malfunctioning thyroid gland.

How does this organ work? The thyroid gland receives a signal from the pituitary gland to produce thyroid hormone. For it to work as effectively as possible, the thyroid gland first releases T4 hormone into the bloodstream. Your body’s cells then convert this into the much more effective T3 (triiodothyronine). Almost all the body’s cells have T3 receptors, a type of receiving station for this hormone, so it’s hardly surprising that a disrupted thyroid balance can manifest itself in all sorts of ways, both physical and psychological, throughout your entire body. Even your personality can change as a result.

If your thyroid is underactive, it doesn’t produce enough thyroid hormone. This leads to a lower body temperature and cold hands and feet. You may also suffer from constipation, because your gut is no longer working properly, and develop depressive feelings.15

In today’s western world, a shortage of hormones is most frequently caused by Hashimoto’s disease, an autoimmune condition that destroys the tissue of the thyroid gland.16 Certain medications can also seriously affect the functioning of the thyroid gland, for example by increasing or decreasing iodine levels.

However, regardless of the cause, the effect of an underactive thyroid is always the same: patients suffer from weight gain, a lower heart rate, dry skin, hair loss and concentration problems. Strangely enough, this affects some people greatly and others barely at all. I once saw a patient in my clinic whose thyroid barely produced any hormone, but who had run a half marathon with ease, aside from some muscle pain. At the same time, another patient with a slight anomaly of the thyroid gland had so many complaints that he was signed off work sick. Doctors also observe that the outcome of treatment can vary dramatically, depending on the patient.

On the other hand, a thyroid gland can also be overactive (hyperthyroidism), which can result in weight loss and hyperactivity and is sometimes associated with psychiatric complaints such as mania. An overactive thyroid is often enlarged and sometimes the eye muscles are swollen, which leads to bulging eyes. In most cases, the immune system is partially behind any change to the way the thyroid gland normally works – for example with Graves’ disease, also called Basedow’s disease. Art connoisseurs may be familiar with the characteristic neck swelling (goitre) in Mantegna’s Madonna with Sleeping Child or Caravaggio’s Madonna of the Rosary.17 This can be caused by either an underactive or overactive thyroid. It is believed that the Greek philosopher Socrates also suffered from this.18

The American president George Bush Sr and his wife Barbara both showed symptoms of having an overactive thyroid. When their dog developed similar complaints, the CIA launched an investigation into the iodine level in the family’s immediate surroundings. Unfortunately the United States Secret Service didn’t share the results, but it’s rumoured that Bush’s illness affected his mood to such an extent that it impacted the decisions he made as president.19 He ordered the invasion of Iraq in 1991 even though his advisors had urged him not to, for example, and his relatives found his behaviour peculiar. After aggressive medical treatment, not only was his thyroid function exhausted, but also his desire for war. The American troops were withdrawn ahead of time and that’s probably why the severely fatigued president was not re-elected.

A brief history

Leonardo da Vinci was the first to depict the thyroid gland, around the year 1500.20 In 1543, the Flemish doctor Andreas Vesalius included the thyroid gland in his De humani corporis fabrica libri septem, a set of seven books about the structure of the human body. A century later, the English anatomist Thomas Wharton, a fellow at the Royal London College of Physicians, wrote about the importance of this gland for our temperature and mood in his anatomy book Adenographia, published in 1656.21 Around fourteen hundred years earlier, the thyroid was already considered an important organ, although people were not aware of its function. In the second century after Christ, the Greek-Roman doctor Claudius Galen, who dominated medical science for centuries with his theories about the human body, was the first to call the gland the thyroides, after the Greek word for ‘shield’. Galen believed that due to its strategic position in the neck, the quadrilateral cartilage constituted a connection between heart and soul, and that it could protect the physical from the mental (and vice versa), like a type of border control.

Although the actual function of the thyroid gland was only discovered relatively recently through medical research, people who suffered from thyroid problems can be seen in ancient illustrations. The Egyptian pharaoh Tutankhamun, who lived in the fourteenth century BC, appeared to have a swelling on his neck, as did the Egyptian Queen Cleopatra (69–31 BC). The effects of anomalies of the thyroid gland fascinated physicians, philosophers and artists all over the world, from Ancient Greece to India and from China to Egypt. In the second century BC, the Chinese effectively treated thyroid diseases with sponge-like animals, which we now know contain high levels of iodine.22 As we discovered in the previous chapter, Dioscorides also experimented with faecal transplantations in an attempt to improve thyroid function.

To discover the function of an organ, doctors try to identify its tissue type. The cells designated for the thyroid are formed at an early stage in the development of a foetus from the so-called branchial apparatus; in fish and amphibians, this is the place responsible for the development of the gills. It was only in the nineteenth and twentieth centuries that we gained greater insight into the thyroid gland. In 1895, the German researcher Eugen Baumann carried out an experiment in which he boiled the thyroid tissue of a good thousand sheep and used this preparation to successfully treat people with thyroid abnormalities. In order to better understand the thyroid, he observed the behaviour of dogs and monkeys whose thyroid glands he had surgically removed.23 In 1852, the French doctor Adolphe Chatin was the first to suggest a link between goitre and iodine deficiency. He transported salt from regions with few thyroid patients to regions where thyroid disease was especially prevalent.24 He did this because a colleague of his had just discovered that sea salt contained a purple substance called iodine, named after the Greek word for the colour purple: ioeides. And guess what? Salt solved most of the problems of the thyroid patients. However, goitre as a result of an iodine deficiency remained a common problem in remote areas until well into the nineteenth century. In the Netherlands, it took a good century before iodized salt found its way to the table and before iodine was routinely added to bread dough.25
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Painting by Pietro Bellotti (1627–1700) depicting a dowser with an enlarged thyroid gland (goitre)


The first treatment using thyroid hormone came to the market in 1949. The Dutch company Organon was one of several companies that began manufacturing medications containing thyroid hormone obtained from the waste material of slaughtered animals. One of these substances (thyreoidum) is still available on the market and, due to the predominantly natural source of the hormone, is popular among practitioners of alternative medicine. The varying composition of these pills can be problematic for the body, but that’s fortunately not the case with synthetically produced thyroid tablets. Over-the-counter diet pills and products made from slaughterhouse waste are known to pose a risk to the thyroid gland because they respond to characteristics of thyroid hormone that cause your metabolism and fat-burning to go into overdrive.26 Likewise, animal products are associated with thyrotoxicosis factitia, a disorder whereby you are ‘poisoned’ by an overdose of thyroid hormone in your bloodstream. This is why the contamination of beef mince with animal thyroid hormone led to outbreaks of thyroid disease, also known as ‘hamburger thyrotoxicosis’, in the 1980s.27

Stress and thyroid problems

In the case of George Bush Sr, the office of president and the associated long-term stress potentially led to him developing Graves’ disease, causing his thyroid to go wild and his mental health to deteriorate. A hormonal disorder can influence our mood, but serious, long-term psychological stress can also impact our hormonal balance and even result in disease.28

In war zones, for example, there is a clear link between stress and thyroid problems. World wars and civil wars are characterised by periods in which large groups of people are exposed to extreme stress for a long time. After the First World War, doctors and researchers saw a sudden increase in thyroid problems among former soldiers and citizens from war zones.29 After the Second World War, a new peak in cases of thyroid disease was observed. Previously, there had only been a few thyroid problems in Germany’s Black Forest region, but after the war doctors diagnosed a larger number of people with overactive thyroids.30 The same phenomenon occurred in the Balkans around the time of the Yugoslav Wars in the 1990s.31

The link between stress and the thyroid was first made almost two hundred years before those wars. In an article published in 1825, the British doctor Caleb Hillier Parry described a 21-year-old patient who had developed an overactive thyroid a number of weeks after she had fallen out of a wheelchair and suffered from a major shock.32 In 1840, the German doctor Carl von Basedow reported the case of a man with hyperthyroidism after a period of stress resulting from business conflicts.33 The Irish doctor Robert James Graves had discovered the same autoimmune condition somewhat earlier: both are considered to have discovered what is now known as Graves’ disease, or Basedow disease.

Scientific journals frequently report similar cases. One of the most fascinating of these was described in 2009 in an offshoot of Nature. Italian researchers presented the case of an eighteen-year-old woman who had developed an overactive thyroid as a result of stressful life events. They showed how sedative medication (benzodiazepines) had been able to reduce the severity of her condition.34 This is especially interesting because we generally use medication to treat the thyroid, whereas this shows that treating physical stress with tranquilisers can also indirectly have a beneficial effect on the thyroid function itself.

Another example of the influence of stress on the thyroid often reveals itself after giving birth – a stressful event for the body – as inflammation of the thyroid gland known as postpartum thyroiditis. In this condition, the thyroid first produces an excessive amount of T4 thyroid hormone, which makes the patient feel agitated, and then it produces too little, which causes her to feel tired and lethargic. Given that most women feel tired after giving birth, coupled with the ensuing sleepless nights, this condition is often overlooked by doctors. Fortunately, the thyroid function usually recovers within a year and this condition appears to be a manifestation of the physical stress that a pregnancy entails.35



If your immune system attacks your body’s own cells, this is referred to as an autoimmune condition. As mentioned earlier, most endocrine conditions in adults are caused by this autoimmune process. Graves’ disease is not unique in this respect.36 Other glands can be affected in a similar manner, like the pancreas (type 1 diabetes), adrenal glands (Addison’s disease), ovaries (POI or premature menopause) and sometimes even several organs at the same time. In 1901, before these endocrine diseases were officially discovered, the German Nobel Prize winner and immunologist Paul Ehrlich described them as ‘horror autotoxicus’, referring to the horror of self-poisoning, which says a lot about the severity of the symptoms.37 Various treatments are available to manage the symptoms, but unfortunately autoimmune conditions are incurable. Researchers are busy searching for the causes of these diseases and ways to influence their progression.

Strikingly, autoimmune conditions are almost nine times more common in women than men. Research shows that female sex hormones, oestrogens, stimulate certain immune cells in the body, which causes the endocrine glands to wear out, whereas testosterone has a curbing effect.38 After the menopause, women are less likely to develop autoimmune conditions; they have lower oestrogen levels because this hormone is no longer produced during the menopause. That’s why their immune system behaves more like a male immune system. This proves, yet again, that hormones influence the work of the immune system.39

In recent decades, the number of people with an autoimmune condition has almost doubled globally, while male and female hormone levels have remained relatively stable. It therefore seems likely that external influences cause or exacerbate these diseases, including medication or changes to our (western) diet, which is often ultra-processed and packed full of preservatives.40 Excessive hygiene measures can also cause problems; your immune system becomes less ‘experienced’ as a result.

And then there are the key players mentioned in the previous chapter that try to curb the external influences on your immune system: gut bacteria. They work closely together with your immune cells, the majority of which are located in your gut, in the small intestine. Proper training is required for the development of an experienced immune system that responds to intruders but leaves its own cells alone. Some gut bacteria are especially important for specific parts of this immune cell training.41 An effective composition of the intestinal flora may protect you against immune disorders – Dioscorides was on the right track with his dog poo treatment for thyroid complaints two thousand years ago.

Researching the interplay between gut bacteria and the production of hormones appears to be increasingly necessary in identifying both the cause and the development of endocrine disorders. Hopefully, a greater understanding of this in the near future will lead to new treatment methods.

Adrenal glands

The adrenal glands are located just above the kidneys. They are as small as a segment of orange – and weigh just eight grams in total – but produce five different hormones: aldosterone, adrenaline, cortisol, testosterone and noradrenaline. The main function of these hormones is to help us respond effectively to stress: they raise our blood pressure, make us more alert and give us more energy. In periods of rest, such as after a workout or a busy day, the adrenal glands produce hormones that contribute to physical recovery, such as cortisol. In short, an adult needs effective adrenal glands in order to stay healthy.
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The importance of adrenal glands was overlooked for many centuries. Pioneers in anatomy and surgery – such as the Greek-Roman doctor Galen from the second century, whom I mentioned previously – knew of their existence but didn’t assign much importance to the gland described as ‘loose flesh’.42 It took a good sixteen centuries before the English doctor Thomas Wharton suspected that the adrenal glands played a key role in their interaction with the nervous system. This was confirmed in the nineteenth century by the British doctor Thomas Addison and Charles Brown-Séquard (yes, the same man who injected himself with animal testosterone to increase his libido), two big names in medicine who carried out important research and discovered that the adrenal glands and physical well-being were closely linked.

The small but very powerful adrenal glands play an important role in the event of physical or mental stress. How do these organs work? Their inner layer consists of the adrenal medulla, a tissue in direct contact with the nervous system. This explains why it can produce adrenaline and noradrenaline extremely quickly in dangerous situations. Both of these hormones increase your blood pressure so more blood is available to your brain and muscles. This helps you think straight, but also perform better. In the outer layer – the adrenal cortex – steroid hormones such as cortisol, aldosterone and testosterone are produced. Cortisol, also known as the ‘stress hormone’, is probably the best known of these hormones. Cortisol releases sugars from stored proteins and fats in order to generate (additional) energy. It also influences your circadian rhythm and suppresses chronic inflammation. Aldosterone ensures that your blood pressure remains stable. The male hormone testosterone is also produced here. All of these hormones are generated from cholesterol (from food and by the liver) and can therefore be easily transported through the body. Cholesterol is hydrophobic, but it’s also the basis of the cell membranes in our body, which is why the hormones can easily reach the inside of each cell to do their work. If cholesterol calcifies the artery wall then this can cause cardiovascular diseases, as it slowly blocks blood flow in the arteries.

The hormones noradrenaline and adrenaline work differently; they come from the core of your adrenal gland, which is directly linked to your central nervous system. When these hormones are produced, your body acts reflexively, before you can even think about it. This is what happens when, for example, you touch a hot pan. Within a few seconds of the first signs of stress, the quantity of adrenaline and noradrenaline in your blood increases. This improves your ability to react and you get a boost of energy. It is hardly surprising that adrenaline was found to be a mood enhancer.

The British politician Anthony Eden was completely crazy about adrenaline, in the 1950s. Before he became prime minister, he had taken the stimulant Benzedrine, a type of amphetamine that is very similar to adrenaline, in connection with an operation. Perhaps his new job was too much for him to handle, because he continued taking the performance-enhancing amphetamine pills in secret.43 These ‘bennies’ were very popular at that time. In the case of Eden, who was usually so mindful, the use of these pills led to recklessness and excessive self-confidence. The price for that would be paid during the Suez crisis, the conflict around ownership and access to the Suez Canal, with Egypt on one side and Israel, France and the United Kingdom on the other. Eden’s attitude towards the Egyptian president Nasser surprised friend and foe alike when, in 1956, the British politician decided – without the support of the US as its biggest ally – to invade the Suez Canal. According to his biography, this decision could be attributed to the effect of the substance on his hormones. The Suez crisis accelerated Britain’s decline as a major power, and the disillusioned Eden was forced to resign.



The importance of proper adrenal function is still underestimated today. This was apparent during the coronavirus pandemic, when doctors prescribed the synthetic (adrenal) stress hormone dexamethasone in an attempt to increase survival rates for COVID-19 patients.44

If your adrenal glands aren’t functioning properly, they are either overactive or underactive and are producing too many or too few hormones. Underactive adrenal glands are seen in the event of chronic stress. If they have to work extremely hard over a long period of time, they wear out and lose the ability to coordinate with the rest of the body. You could compare this to an overstretched elastic band, which no longer returns to its original shape. As a result, your adrenal glands produce insufficient hormones and this is very noticeable: you wake up feeling tired, have a poor memory, have a high blood sugar level, feel stressed and are oversensitive.45 These symptoms are all also characteristics of burnout. Cortisol does appear to play a role in burnout, although there’s not yet an effective test to show the extent to which the adrenal gland has been thrown off kilter when these symptoms are present. Hopefully further research will help us better understand this connection in future.

If you have the rare autoimmune condition Addison’s disease, on the other hand, your adrenal glands produce too few hormones because of an infection. Your immune system then turns against your adrenal glands (as is the case with an underactive thyroid); the organs become damaged and produce less cortisol and aldosterone. As a result, you feel exhausted, down, crave salty foods, and your skin and mucous membranes turn darker, as if you have spent a long time in the sun. You also lose a significant amount of weight. If this happens, you can use exogenous cortisol, such as dexamethasone or hydrocortisone, to compensate for the deficit. This can be administered as tablets or injections. Today, this type of treatment is tailored precisely to the individual body’s requirements.

This hasn’t always been the case. The American president John F. Kennedy, like his sister Eunice, suffered from Addison’s disease. Doctors established he had the rare disease when he was thirty years old, so a long time before his presidency. At that time, hormone therapy was still in its infancy, and the treatment he received led to serious fluctuations in the cortisol levels in his blood. Before important events, Kennedy’s personal physician Max Jacobson, whose nickname ‘Dr Feelgood’ says it all, really, would boost these levels by means of corticosteroid injections (combined with a considerable amount of testosterone). But this tinkering with synthetic hormones went awry in the run-up to the Cuba crisis in 1961. When the Soviet leader Nikita Khrushchev turned up very late to a political meeting with the American president, he was met by an overtired Kennedy who simply sat there like a wet rag, barely able to formulate sentences. The unfortunate timing meant it was too long since the president had received his cortisol shot.46 A president who was secretly being injected with mind-altering drugs (including testosterone and cortisol) at the most dangerous time in the Cold War: historians believe it’s possible that the failed diplomatic negotiations raised tensions, resulting in the nuclear missiles aimed at Cuba being called off at the very last minute and a nuclear war only narrowly being averted.

The pigment formation was clearly visible in JFK, who often sported a nice tan. Charisma always works well during a presidential election and the fact that presidential candidate Richard Nixon literally paled beside Kennedy during the television debate in 1960 likely contributed to Kennedy’s victory.47

On top of the signs of exhaustion and his ‘White House tan’, JFK also had various physical complaints due to an imbalance between his thyroid hormones and sex hormones. During his presidency, his health further deteriorated, although this was not disclosed to the public until long after his death. Whether or not Dr Feelgood’s daily shots influenced his notorious womanising behaviour – he had several affairs during his marriage – remains unclear, but it’s certainly not inconceivable.48



Adrenal glands can also work too hard. This could be a temporary consequence of stress, in which case it’s not harmful. But if your adrenal glands produce too many hormones (in surges), your body ends up in trouble and could develop an adrenal gland tumour, for example. Lesser-known consequences of the adrenal glands being in overdrive include phaeochromocytoma – when too much adrenaline causes palpitations, sweating and headaches – and Conn’s syndrome, when too much aldosterone leads to raised blood pressure. The most recognisable risk is the adrenal gland tumour that results in an excess of cortisol: Cushing’s syndrome, named after the American neurosurgeon Harvey Cushing. As cortisol influences other (endocrine) processes in your body, you can end up with a whole host of symptoms if you have too much of this hormone in your bloodstream: an increase in fat mass, the absence of menstruation (in women), reduced libido (in men), raised blood pressure, chronic fatigue and muscle weakness.

A 23-year-old patient called Minnie, whom Cushing examined in 1910, triggered his interest in the syndrome; she exhibited all of the above-mentioned symptoms of excessive exposure to cortisol.49 Minnie’s complaints inspired Cushing to conduct a lengthy investigation into the cause of chronically elevated cortisol levels in the bloodstream, which remains puzzling today. One thing we do know is that Cushing’s syndrome can be fatal if left untreated. Minnie lived for a good forty years after her diagnosis. Doctors and patients should be very grateful to Cushing for his research.

Yoga and breathing to alleviate stress

Let’s return to stress. Our bodies are designed to switch ‘on’ in the event of stress. In the past, when we were regularly at risk of great danger, a quick reaction could literally save our lives. But a great deal has changed since then. We are now exposed to completely different stressors and the trick is to retain the positive aspects of stress while leaving the negative ones behind. Stress does have its advantages, as Sonia Lupien writes in her book Well Stressed.50 Stress from time pressure or great responsibility can lead to improved performance, as long as this stress isn’t perceived as chronic. Otherwise, accumulated stress tries to find another way out, and you soon find yourself having to deal with the hormonal consequences.

The discovery of a miracle cure
In the twentieth century, discoveries were made for which Nobel Prizes were awarded. But only one of these discoveries involved a ‘miracle’ cure. Exceptionally, the researchers were awarded this international accolade within two years of the first use of this substance. As with many great discoveries, coincidence played a key role.51
In the spring of 1929, the American rheumatologist Philip Hench noticed that the symptoms of a patient who suffered from a serious form of rheumatoid arthritis disappeared after an episode of jaundice (a liver condition). As there was no treatment for rheumatoid arthritis at that time, this aroused his interest. In the following years, Hench observed the same phenomenon in other patients with rheumatoid arthritis, but attempts to treat it with liver-like tissue came to nothing.
In the meantime, it had emerged that complaints associated with rheumatoid arthritis sometimes decreased after a pregnancy or surgical intervention. In both cases, the level of stress hormone in the bloodstream increased, and this insight led Hench to see if it was due to a mystery substance, and find out what it was. The fatigue experienced by patients with rheumatoid arthritis reminded him of the lethargy experienced by patients with the adrenal gland condition Addison’s disease. He decided to contact the biochemist Edward Kendall, who had managed to successfully isolate thyroid hormone and was now carrying out research into the function of the adrenal gland. The pair of scientists received help from an unexpected source.
In 1941, the US was on the cusp of entering the Second World War. It was rumoured that the Nazis were collecting animal adrenal tissue in order to lift the spirits of their soldiers and increase their resistance to stress. It turned out that they were using Benzedrine, the same pill that would cost Anthony Eden his presidency twenty years later.52 Studies had shown that stress proved fatal for animals without adrenal glands. The researchers therefore suspected that the hormones produced by these glands offered protection against stress. The US decided to invest millions of dollars in the research and production of active stress substances. Many years later, Hench and Kendall successfully isolated a corticosteroid that is produced in the adrenal cortex and has a powerful anti-inflammatory effect. It is now known as prednisone.
The success of the present-day treatment with prednisone, the most effective medication for rheumatoid arthritis, is primarily thanks to an assertive patient, Mrs Gardner. She had suffered from serious rheumatoid arthritis for many years and used a wheelchair. In 1948, she stayed on Philip Hench’s ward for a while and refused to leave the hospital until he had cured her. She insisted that she be used as a guinea pig for treatment with the synthetically produced stress hormone cortisone (referred to as ‘compound E’ at that time). She already felt better by the third day and after a week, all of her symptoms had disappeared.53 Other patients were given the same substance and it proved effective for all of them. It made global headlines and corticosteroids are still used for various diseases to this day, despite the many side effects.
Mrs Gardner died six years after her ‘miracle’ cure. The excessive dosage of cortisone gave her serious physical and psychological symptoms resembling Cushing’s syndrome.


Up to a quarter of the world’s population regularly suffers from anxiety and feelings of depression.54 It’s hardly surprising that stress also has a huge psychological impact if you consider how well attuned your body is to react to danger. Receptors for stress hormones are present throughout your body, including in your brain, which is why long-term stress also affects your memory, attention span and emotions. The popularity of age-old methods to reduce stress, such as acupuncture and yoga, isn’t entirely coincidental.55

But how effective are these ‘alternative’ therapies? Researchers found that cortisol levels improved in people who regularly performed breathing exercises or practised yoga.56,57 As cortisol increases blood sugar levels – the body needs more energy to avoid danger – diabetes patients also appear to benefit from the ancient Indian form of movement. A large-scale study revealed that daily yoga exercises helped improve blood sugar levels, resulting in lower levels in the morning and more stable levels after meals.58 But the influence of yoga on the body is not limited to the hormone cortisol. Cortisol and sugar levels are, for their part, involved in the development of polycystic ovarian syndrome, mentioned in Chapter 1, which is a common cause of infertility in (often overweight) young women, who have ovulation problems. It emerged that yoga stimulated the production of sex hormones in these women, making them menstruate more frequently (and probably also increasing fertility).

Yoga has also been shown to influence growth hormones in older age as well as thyroid levels in women who produce too little thyroid hormone.59 Due to these physical and mental benefits, yoga is cautiously suggested as a type of ‘hormone therapy’.60 However, further research is needed to determine whether it can actually be utilised for chronic endocrine disorders, and if so, how that would work.

Hormones are cash: anabolic steroids

At the start of the twentieth century, it became clear that hormonal substances have a major influence on our physical attributes. An international race ensued between pharmaceutical companies and researchers to become the first to isolate and industrially manufacture an active hormone. The Amsterdam-based research team at Organon, led by the pharmacologist Ernst Laquer, founder of endocrinology in the Netherlands, the endocrinologist Marius Tausk and the chemist Lize Dingemanse, discovered female oestrogens a fraction too late; the US future Nobel Prize winner Edward Doisy just beat them to it when he first isolated the hormones in 1929, and in 1938 created an oestrogen treatment (Femarin). In the case of testosterone, however, Laquer’s team made a world premiere in 1935.61 This was a nice twist of fate for the professor, who was known as a womaniser (and perhaps enjoyed sampling his homemade male hormone from time to time).62

The entrepreneurial spirit of Saal van Zwanenberg, a butcher from Oss in the Dutch province of North Brabant, was at least equally important for this triumph. As he had been looking for a way to earn money from animal tissue remains, there was a constant supply of tissue for hormone research when the successful company Organon was founded in 1923. This enabled the Dutch work to progress much more rapidly. Later, Laquer’s team managed to isolate the female hormone progesterone from this material, and Organon became known for the development of an early version of the contraceptive pill. Organon also succeeded in producing a synthetic variant of the thyroid hormone, which they called Thryax. But it was Organon’s large-scale production of testosterone that made the headlines. Thanks to this discovery, the substance was being produced in laboratories by 1935. Strikingly, it wasn’t the Jewish pharmacologist Laqueur, but the German chemist Adolf Butenandt who was awarded the Nobel Prize in 1939 for his work on sex hormones.63

In order to understand how this discovery was made, we need to return to 1896, when the Austrian physiologists Zoth and Pregl repeated Brown-Séquard’s experiment on themselves, but with a better, higher-quality solution. Although they didn’t yet know which substance in the animal testicles was responsible for it, they established that their injections had a beneficial long-term effect when combined with intensive exercise.64 In an attempt to measure differences in the degree of fatigue before and after the injections, they used a mechanical instrument from Italy: Mosso’s ergograph. This instrument records the number of times in a row you can lift a small weight with one finger. When it emerged that their performances improved, Zoth and Pregl suggested that sportspeople could benefit from this ‘organotherapy’, the first form of doping! Adolf Hitler (referred to as ‘Patient A’) also received injections from his personal doctor, Doctor Morell, which contained a concoction of bulls’ hearts and livers, mixed with amphetamine, designed to boost his testosterone levels and give him more energy and courage.65

Half a century later, the Armenian chemist Charles Kochakian administered hormone injections to dogs. His research proved that testosterone sets anabolic, androgenic processes in motion: anabolic because the hormone stimulates muscle growth, and androgenic because the hormone remains inextricably linked with masculine features.66 While doctors and scientists saw opportunities for patients with protein loss (caused by burns or muscular diseases, for example), the sporting world argued the opposite: giving testosterone to people without a deficit of it could considerably speed up muscle gain. In the 1954 world weightlifting championships in Austria, it was the Russians, a team of remarkably hairy giants, who took home all the prizes. After a couple of glasses of vodka with his Russian colleague, the American team doctor John Ziegler discovered the secret: testosterone. Injections of this male hormone had, in a very short space of time, led to unprecedented muscle mass gains in the competitors.67 Ziegler saw the potential of such injections for weightlifters and took the idea back with him to the US, where pharmaceutical companies invested in the development of the ideal bodybuilding pill. If you physically exert yourself over a long period of time, your body automatically makes hormones like cortisol and testosterone, which help build muscle. The injections were a way to enhance these effects.

Ziegler achieved effective results with the first versions of his testosterone injections that he administered to himself and other bodybuilders, but he soon became aware of the drug’s side effects.68 His own team struggled with liver problems and not long afterwards it emerged that the Russian athletes had developed such large prostates that they were only able to urinate with the help of a catheter. The athletes also appeared to have become dependent on the substances. Against Ziegler’s medical advice, they continued to increase the dosage. The doctor soon advised against the use of the drugs and, until his death – caused by heart problems that he attributed to earlier doping – he maintained that introducing the drugs in sport had been a dark page in his life’s story: a page he would like to have ripped out entirely.

As it has since been shown that testosterone tends to promote muscle growth as opposed to muscle strength,69 it is primarily popular among amateur bodybuilders, for whom muscular form is at least as important as muscular function. In order to get an idea of the influence of testosterone use in this group, you only have to look at the evolution of boys’ toys. Whereas GI Joe was still a lightweight action figure in the 1960s, fifty years later he is virtually bursting out of his own biceps.70

This culturally determined ideal of the everyday Mr Universe has contributed to an estimated one in ten gymgoers suffering from ‘bigorexia’: a fixation on building muscle mass. Although ‘stacking’ (taking more than one supplement at once) has proved very effective, it is not without risk. A study from 2014 showed that athletes who used these types of methods were three to four times more likely to die prematurely, usually between the ages of thirty and fifty.71 The heart in particular doesn’t cope well with hormonal overkill. Heart attacks and heart failure were diagnosed as the cause of death up to fifteen times more often in this group than in non-athletes of the same age.72

The natural steroids your body makes during prolonged exercise can, in themselves, have negative consequences too. Athletes can, for example, suffer from hair loss even if they don’t take steroids, as seen in some Dutch professional football players. The difference is that the misuse of freely available androgens in excessively high dosages over time disrupts your whole endocrine system. The consequences can be far-reaching, including infertility and the development of mammary glands in men. An excess of male hormone therefore causes you to become less manly! This is because your own body tries to convert that excess testosterone into female hormones: oestrogens. These hormone injections also inhibit the production of the body’s own testosterone, causing the testicles to become smaller. This is usually a temporary effect, but it is sometimes permanent.

Anyone who thinks that testosterone is only important for reproduction is clearly mistaken. The use of anabolic steroids is no longer limited to top athletes. In the US, many high school students have discovered that alongside Ritalin, a ‘breakfast of champions’ (the popular term for the steroid methandrostenolone, or Dianabol, which Ziegler also gave his athletes) also helps increase their concentration levels. Despite numerous warnings from the scientific community, the global consumption of these anabolic steroids is continuing to increase.73

Attempts to ban anabolic steroids raised awareness of the use of these substances in the livestock farming sector, where they’re used to help veal calves or pigs rapidly gain weight and are sometimes easier or cheaper to obtain than products for human use. This has not been without its consequences. Since 1988, the importation of American beef has been prohibited in the EU in connection with high levels of active steroid hormones and the associated risks to public health.74 Blood analysis revealed that the hormone values of an eight-year-old increased by 10 per cent after eating just two hamburgers.

Of course, taking synthetic or animal testosterone influences the human psyche. When people take exogenous steroids like prednisone, they often feel like they’re on top of the world. This euphoria can backfire, however, if you take these anabolic steroids over a longer period of time. Well-known side effects include negative feelings, mood swings, fits of rage and aggressive behaviour. In the 1980s, when anabolic steroids were very popular among body builders, the number of criminal offences committed by members of this group increased. In many cases, lawyers argued temporary insanity based on steroid use, a defence referred to as ‘roid rage’ (roid is slang for steroid). This approach led to a reduced sentence on more than one occasion.

The best-known case related to the use of steroids and aggression is that of Oscar Pistorius, the ‘Blade Runner’, who murdered his girlfriend in 2013. When the police searched his house, they found supplies of anabolic steroids; Pistorius admitted feeling agitated that evening. However, it wasn’t possible to prove a direct causal link between the use of steroids and such levels of aggression, so the theory could not be substantiated, even when the high levels of testosterone in the South African’s blood were taken into consideration. Pistorius was found guilty and – partly due to contradictory statements about the reason for his possession of doping substances – received not a reduction, but a doubling of his sentence.

It’s clear that you can’t replace or even simulate the body’s own functions by administering hormones. Playing around with hormone preparations yourself can also be dangerous, especially without medical supervision. It’s therefore the doctor’s job to not only find better treatment options, but also to detect endocrine disorders well before they manifest themselves in adulthood.


8 

The Change

For Women and Men

Menopause The Musical has been running in Las Vegas for fifteen years with great success. The show follows four women and contains virtually all the stereotypes associated with the menopause: they sing about chocolate, memory loss, night sweats, hot flushes and, of course, changes in their sex life. In the Netherlands, Yvonne van den Hurk’s play about the menopause, Hormonologen, has also been a sell-out success.

Around 1.8 million Dutch women between the ages of forty and sixty are going through the menopause transition. In the UK that number is as high as 13 million. And men also experience all kinds of changes to their bodies at around the age of fifty. Here too, hormones play a key role. In this chapter I will explain a bit more about the menopause and the andropause. What exactly happens to your sex hormones during this phase and how do these changes make themselves known? How do we view the change: what did people make of it in the past and how is it perceived in other cultures? What can you do to get through this period the best way possible? Which hormone treatments are available for the symptoms?

Because the effects of the change are, in general, more significant for women than men, I will start with the menopause.

Menopause: the last egg

Contrary to men, women don’t produce new reproductive cells throughout their lives. This means they have to make do with a total supply of around 5 million egg cells; this figure starts decreasing from the moment of conception. By birth, they are left with 1.2 million, and by the start of puberty, ‘only’ three hundred thousand remain.1 The older you become, the faster the number and quality of these cells declines. From the age of forty, your eggs drop in number until you run out completely around ten years later. This phase, the menopause, commonly starts around the age of fifty and lasts between one and two years. During this period, the cycle becomes increasingly irregular and the gaps between periods increase, before finally stopping altogether. The menopause is literally your very last menstruation; after that, the egg cells (follicles) have all been used up. You can only determine exactly when your menstrual cycle stopped a year later. The perimenopause (also referred to as the menopause transition) is the transitional time around menopause.

In the run-up to the last menstruation, various signs of hormonal fluctuations can often already be found in the blood. The ovaries age and the pituitary gland responds to this by producing more LH and FSH, causing oestrogen levels to go from a regular peak and trough to chaotically spiking and plummeting. These erratic spikes and falls ultimately end with oestrogens disappearing from the body, causing the range of hormones to change drastically; because there are no longer any follicles and therefore no egg cells either, the oestrogen level falls considerably while the FSH and LH values in the blood soar (as a reminder: FSH is follicle-stimulating hormone; LH is the hormone that stimulates ovulation).2

The most notorious feature of this phase is hot flushes, which in addition to all the other unpleasant symptoms, can cause considerable discomfort and embarrassment. The night-time version of this is harmless from a physical point of view, but waking up soaking wet every night and having to change your sheets can be rather annoying. Other menopausal symptoms include mood changes, weight gain, joint pain, drier and thinner hair, increasingly wrinkly skin, increased forgetfulness and vaginal dryness.

[image: ]
Release of hormones over one month; ovulation takes place when FSH peaks, followed by an increase in progesterone to allow the egg cells (if fertilised) to implant in the womb.


In this context I like to refer to my patient Iris, a vibrant woman around the age of fifty, who works as a visual artist and travels around the world to give presentations. She came to see me because she was regularly suffering from hot flushes, which were sometimes so bad she would walk off the stage soaking wet and with a red face. Her menopausal symptoms were severely impacting her daily life, and affected her sleep, so we decided to try out oestrogen therapy.

A month later she walked into my office a different woman. The hot flushes and soaked bedding were gone and she was sleeping well at night again. What’s more, Iris reported that her libido had returned to the level it had been before her menopause.



Iris’s case shows just how great an impact hormones can have on our physical and mental well-being.

Some people suffer during menopause more than others. Some women in the perimenopause have oestrogen levels lower than those of an adult man.3 As the production of male hormones (in the adrenal glands and in the ovaries) often decreases less in women, their head hair may fall out and they may experience hair growth in typically male places, such as the chin and chest.4 And although a woman remains post-menopausal for the rest of her life (that means to say that her oestrogen production ceases forever), these symptoms do reduce when a new hormonal balance is found. This process generally takes around five years, although it can sometimes take longer.

The discovery of the menopause

The Bible tells the story of Abraham and Sarah: ‘Abraham and Sarah were already old and well advanced in years, and Sarah was past the age of childbearing.’ (Genesis 18:11) In the Netherlands, people often celebrate this new phase of life by placing dolls of these Biblical figures in their front gardens. The mention of the menopause in the Old Testament is one of the few references to the menopause from the premodern era. Despite her age, Sarah went on to give birth to a son. The parents named him Isaac – ‘laughter’ – supposedly after Sarah’s reaction when she heard the happy news.

It’s strange that books about medicine from the Middle Ages barely mention the menopausal transition. This is probably because life expectancy back then was lower, at around twenty-five or thirty, meaning that most women didn’t reach the age of menopause onset. Aristotle was the first to report that female fertility has a time limit. In his De partibus animalium from 350 BC, the Greek philosopher and scientist states, probably inspired by the Ebers Papyrus, that women reach a reproductive limit around the age of forty-five. The Byzantine doctor Paul of Aegina confirmed this, but also referred to the influence of physique, stating that heavier women lose their menstrual cycles earlier, sometimes around the age of thirty-five. The Trotula, a set of three Italian books on women’s conditions, treatments and aesthetics, written in the twelfth century by the female doctor Trota of Salerna, also mentions a critical moment for fertility, coming to the same conclusions as Paul of Aegina.6

Signs of perimenopause and reduced fertility in both men and women were referred to at that time as ‘climacterium’. This term comes from Ancient Greek theories that a person’s life is divided up into multiples of seven. These climacteria are ‘critical periods’ that, according to Greek philosophy and astrology, together form the ladder of life.7 According to the Ancient Greeks, a phase of greater maturity and new responsibilities follows each successfully completed climacteric period. However, transitioning between stages is critical and ages divisible by seven entail more deaths.8 Of all the transition phases, a number were known as the most dangerous – namely the age of forty-nine, followed by the switching point between late adulthood and early old age at sixty-three, with the ‘annus climactericus maximum’ in between: the age of fifty-six or ‘androklas’ (literally: man-killing).9

It was only at the start of the nineteenth century that the British royal and society physician Henry Halford drew attention to a climacteric ‘disease’.10 He had noticed that patients were often unwell for a period in middle age. Their ‘vital forces’ declined for a while, but later recovered. He suspected there was a disease that manifested itself at an older age but didn’t follow the corresponding pattern of decline. For women, this climacteric disease occurred just before, after, or at the same time as their last menstruation. Shortly after this discovery, as is almost always the case when there is significant scientific interest, the phenomenon was given a name. In 1821, the French doctor Charles-Paul-Louis de Gardanne put forward the name ‘la ménespausie’, which in pseudo-Latin is derived from the Greek words for ‘end’ (pausis) and ‘month’ (mèn). He also coined the more controversial term l’âge critique for the ageing of men and woman.

Golden years?

Our current impression of the menopause is a rather negative one. It mainly entails problems: you become infertile, cranky, fat, hairy and forgetful. Only one in five women don’t experience any symptoms at all, but almost a third have so many symptoms that their work and social lives suffer.11 The first negative reference to the menopause came from Galen (who further developed Hippocrates’ ideas). Galen’s ‘humoral theory’ was considered the standard in western medicine for centuries. According to this theory, in which everything revolves around balance, disease is caused by an imbalance of the four bodily fluids: phlegm, choler (yellow bile), black bile and blood. Galen believed these bodily fluids symbolised temperament and also determined your mood. Menstruation was seen as a natural way of removing any toxic substances from the body. According to this theory, the menopause leads to an internal accumulation of waste, which makes the woman hysterical. While doctors recommended therapies like bloodletting, ‘hysterical old women’ were often denounced as witches – with consequences.

This situation improved, to some extent, in the nineteenth century, when women ended up in psychiatric institutions as opposed to at the stake. But it was the obsession with the womb and associated sexuality in the prudish Victorian era that turned the menopause into a disease with psychiatric implications. While the French doctor Gardanne initially used the neutral term ‘ménespausie’ to refer to the menopausal transition, he later added ‘the critical age of the woman’ to the title of his book on this topic. The sex organs were seen as the new culprit for menopausal complaints (described as hysteria, a word derived from the Greek word for ‘womb’), which is why the womb was often surgically removed at that stage. Even when the modern era of scientific innovations and technological progress dawned, negative opinions of the menopause remained. Whereas the Ancient Greeks spoke of an imbalance of the humors, researchers in the early twentieth century discovered that changes to hormones were the real cause of declining fertility.

Historically, the menopause was considered a natural transition; the introduction to a new phase of life that went hand in hand with greater wisdom and the ability to carry out more important tasks. It was often a desirable change for precisely that reason. Today, non-western population groups in particular focus on the positive aspects. The Japanese word for menopause is ‘konenki’, which means ‘years of renewed energy’. In a Dutch article (with the telling title ‘The menopause is the road to death’ – about Yvonne van den Hurk’s show Hormonologen), reference is made to the Thai term ‘thoi po ming’, which means the ‘golden years’.12 In cultures in which menstruation is seen as impure, women are relieved when they reach ‘the end of unclean days’.13 Traditional tribes in Australia were at most amused when researchers asked them about symptoms of age-related sterility in women, for which they didn’t even have a word.14 Indigenous groups elsewhere in the world also view the menopause positively, with post-menopausal women regarded as sages, holding higher positions and enjoying greater social freedoms.15

Researchers believe it’s possible that your own attitude towards the menopause influences how you experience this time.16 While women in Asian countries suffer from few hot flushes or none at all, this is the main complaint among western women. In other cultures again, joint pain is the main symptom. But just as not all cultures with the same view of the menopause experience the same symptoms, it seems that multiple factors are at play here. Hormonal levels before the start of the menopause may also play a role. In certain groups and cultures, women breastfeed for longer, for example, which results in lower and more stable oestrogen levels during the perimenopause.17 Lifestyle and body weight are also key factors when it comes to the pattern of symptoms. Eastern diets contain more phytoestrogens (see Chapter 2), which can affect the condition of your heart and blood vessels. Non-western women who live in cities often suffer more from insomnia and behavioural changes during the perimenopause than their family members who live in the countryside,18 possibly because they’re less active and are exposed to higher levels of toxic substances.

Evolution and the grandmother hypothesis
Homo erectus differentiated itself from its predecessors as an upright species through its shorter arms and larger brain.19 The latter adaptation proved crucial for its future. The larger skull meant that children were forced to be born earlier – otherwise they simply wouldn’t fit through the birth canal – and were more dependent on their caregivers in the first stage of life.
Theories about the evolutionary benefits of the menopause relate to the evolution of early births. The role of the individual became less important and the role as a member of society more important, because more could be achieved together.20 If you no longer have offspring in need of care, you can put more energy into bringing up other people’s children. Female ‘elders’ fulfil an important role in the survival of the group. This was true in the past, but also today; just think of all the grandparents who regularly babysit and give children chocolates and other treats ‘for the journey’.
According to this ‘grandmother hypothesis’, the presence of grandmothers has an evolutionary advantage; fewer young children die and the mothers are more fertile because they don’t need to use as much energy bringing up their children. As a result, they have more time to take care of their own supply of food. This phenomenon can also be observed in other animals. Orcas and short-finned pilot whales are the only other species that go through the menopause like humans, and in these animals, grandmothers are vitally important for the survival of the species.21


Hormone therapies

You will no doubt recall Professor Brown-Séquard. His experiments with injections of sex hormones were soon replicated by others. Researchers also experimented with removing glands that produced sex hormones to cure certain diseases. We’ve known since ancient times that libido decreases in eunuchs – men whose testicles have been removed – but never before had specific interventions been made to the body’s hormone production in order to reduce the disease burden. At the end of the nineteenth century, the Scottish army officer and doctor George Beatson suspected a link between female hormones and cancer.22 He came up with this idea because farmers near Glasgow were removing the ovaries from their cows in order to guarantee a life-long production of milk. As the son of the personal physician of Queen Victoria, he was not afraid to experiment, so in 1899 he tried out this treatment in three women with metastatic breast cancer. And guess what? After removing their ovaries, the metastases of the tumour disappeared for a long time.

Beatson didn’t receive the Nobel Prize for this discovery, but his Canadian colleague Charles Huggins was more fortunate later.23 He applied the same principle and stopped the endogenous production of sex hormones in men with metastatic prostate cancer by removing the endocrine glands through castration. He too discovered that the metastases of these tumours temporarily receded following this intervention. So it’s hardly surprising that from the 1960s onwards, when it became possible to produce sex hormones in larger quantities (firstly from animals and later synthetically), experiments were also carried out using female hormones to treat diseases.

In 1929, oestrogen was one of the first hormones to be discovered, in female urine. As women have measurably lower oestrogen levels after the menopause, the perimenopause was considered a ‘state of deficiency’. From there it wasn’t a big step towards treatment for menopausal symptoms. In the 1940s, the first substance came onto the market. It consisted of hormone extracts taken from the urine of pregnant mares and was given the name Premarin.

In his book Feminine Forever, which was published in 1963, the American gynaecologist Robert Wilson speaks of a ‘menopause tragedy’.24 The menopause was increasingly seen as a period of loss: a loss of youthfulness, vitality, femininity, hormones and, of course, fertility. Wilson referred to a mismatch between an increased life expectancy and an endocrine system unable to keep up with the rapid changes. But he believed it ought to be possible to help a post-menopausal woman with her ailments by giving her hormone supplements. Wilson’s book was heavily romanticised; women started taking hormone pills en masse, which by then were made from the pulverised ovaries of horses and cows and later from synthetic oestrogens manufactured by the Dutch flagship of the pharmaceutical industry, Organon.

From the 1960s to the 1980s, the perimenopause was strongly medicalised. The menopausal transition shifted in people’s minds from a natural and inevitable phenomenon to be endured to an illness that required medical attention. We now know that women who start menstruating before the age of eleven suffer more from symptoms of the perimenopause like hot flushes and migraines when they are older, and that these symptoms last longer.25 The same applies to women who are overweight; the heavier you are, the more likely you are to suffer from hot flushes, joint pain and vaginal problems.26 These are all symptoms that the doctors under the guidance of gynaecologist Wilson reportedly treated with oestrogen tablets. Despite increasing awareness of the side effects, these synthetic oestrogen variants became the most widely prescribed medications in the western world. Almost a quarter of all post-menopausal women used them over an extended period.27

Around the turn of the century, two major studies put an abrupt end to this. Although follow-up analyses and studies later showed that the risks associated with combined oestrogen and progesterone supplements were smaller than initially suggested by these trials, there still does appear to be a small increased risk of breast cancer and cardiovascular disease.28,29 The question is whether this can outweigh the benefits, such as stronger bones and reduced risk of bowel cancer. Hormonal treatments do, however, work especially well in the short term for serious complaints, as was the case with my patient Iris, for whom the treatment proved very successful. When prescribing hormone treatment, most doctors now apply shared decision-making with their patients, counselling them on the risk-benefit ratio, after which the patient herself can decide. Doctors will also take into consideration other lifestyle factors which impact the risk of breast cancer, like alcohol consumption and obesity. If a doctor prescribes HRT they may recommend reducing alcohol consumption, for example, to offset the increased risk.

Hormones are also widely prescribed in alternative medicine. These include (but aren’t limited to) food products rich in phytohormones, such as soya and red clover.30 It’s well-known that alcohol, red pepper, ginger tea and caffeine can trigger hot flushes, so avoiding these products can be another way to curb symptoms. Certain variants of our sex hormones such as DHEA (dehydroepianrosterone) are also recommended, although their effectiveness has not been scientifically proven and the long-term use of hormone treatments can also suppress your own production of hormones. In the alternative scene, animal hormones (such as thyreoidum, mentioned previously) are more common than in conventional medicine. Although their effectiveness is generally satisfactory, it is difficult to estimate the dosage because it is often unclear exactly how much of the hormone is contained in the capsules. In short, the discussion about whether ‘natural’ hormones should be combined with synthetic hormones, and if so, in which combination, is far from over.

Hormones and how our memory works

The huge influence that sex hormones have on our lives is clear from the whole host of physical symptoms that can occur as soon as your hormone levels start to fluctuate. This influence also extends to the area of mental well-being; as mentioned earlier, sex hormones are involved in the development of the brain (see Chapters 3 and 4). Men seem to have a greater natural aptitude for spatial orientation, whereas women tend to have better verbal skills and long-term memory. In Chapter 7, we saw that women with stable hormone levels have a better memory as a result of the contraceptive pill,31 and vice versa: fluctuations in hormone levels during the perimenopause lead to increased forgetfulness.32 This phenomenon isn’t only observed during pregnancy (‘mumnesia’ or ‘baby brain’) but also during the other major hormonal change in a woman’s life. Memory problems during perimenopause are sometimes so severe that women fear they are starting to get dementia. While some people see an evolutionary benefit to ‘pregnancy dementia’ (your body is helping you focus on the most important task, namely caring for your unborn child), an evolutionary advantage to memory loss during the perimenopause is hard to find.

At the end of the 1940s, adult brain function was linked to female hormones for the first time. In a study into the endometrium, researchers noticed that treatment with oestrogens appeared to make participants more alert and improved their memory.33 An American scientist decided to examine this unofficial finding in more detail and became the first to show that hormone therapy can improve the cognitive functions of post-menopausal women. This interesting, but still preliminary, finding came just at the right time for Robert Wilson, who keenly referred to it in his book Feminine Forever, thereby promoting both his book and the treatment.

It has since been repeatedly confirmed that a lack of oestrogen can, in fact, cause memory problems. An interesting example of this is in a 31-year-old American woman who unexpectedly experienced a decline in performance while training to become a pilot.34 Doctors were puzzled for a long time, until they discovered that her hormone levels were indicative of early menopause. She made a full recovery after she started taking the contraceptive pill.

The oestrogens in the pill are known to protect a whole range of tissue cells, including those in the brain. They can even cause the grey matter, which contains the neurons, to increase in volume and hinder the accumulation of proteins (a symptom of Alzheimer’s disease).35 The hippocampus and frontal cortex, two areas of the brain that are primarily involved with memory, can produce sex hormones and help the maintenance of neurons.36 Early menopause without the right hormonal supplementation could therefore increase the risk of memory disorders like Alzheimer’s.

Optimal timing of the female jubilee

With age-old attributions like ‘great joy’ and ‘complete freedom, salvation and abundance’, reaching the age of fifty – as with Abraham and Sarah – is traditionally seen as a special moment. In Biblical terms, it is a ‘jubilee year’: the year in which a field shouldn’t be worked. And if the owner has had to rent it out to pay his debts, it should revert back to the rightful owner after another seven years have passed (the seven climacterics).37

A person’s life expectancy has continually increased since the start of the twentieth century and puberty is commencing at an ever-younger age (see Chapter 3), but the age at which a woman reaches menopause, strangely enough, continues to hover around this magic number.38 In ancient times, Aristotle and his followers reported that women usually had children up to the age of forty, some could still become mothers close to the age of fifty, but no cases were known after that age. Compared with other physiological functions of reproduction, menopause appears to have found an ideal point from which it rarely deviates. Evolutionary biologists in particular struggle to come up with an explanation for this phenomenon. If you base it on the principle of ‘the more offspring, the greater the chance of survival of the species’, it doesn’t seem logical to put an end to it halfway through life. But the human population is still growing more rapidly than that of many other species, who have more offspring in relative terms. Scientific models suggest a type of ‘optimal moment’ for the menopause; until around the age of fifty, a woman’s body can obviously still afford to get pregnant and bear children; after that, it is more beneficial to invest energy in ageing in a healthy way in order to be able to raise these children. Homo sapiens appears to favour quality over quantity, which ironically benefits the latter.



A modern-day sage who regularly emphasised the importance of timing was the Dutch footballing icon Johan Cruyff: ‘There’s only one moment you can be on time. If you’re not there, you’re either too early or too late.’ Of course, he was talking about football, but this wisdom also applies to the menopause. As the timing of the menopause has remained the same for centuries, any deviations from this were seen as unhealthy. For a long time, menopause before the age of forty was known as POF: premature ovarian failure. The more neutral term primary ovarian insufficiency is now favoured, or the medical term ‘climacterium praecox’. Whatever we call it, these women go through the menopause much earlier than is usually the case. In Europe, roughly one in a hundred thirty-somethings and in one in a thousand twenty-somethings go through the menopause. In most cases, the cause is unknown.39

In extreme cases, even children can go through the menopause. Take Amanda, for example: an eleven-year-old British girl who saw her weight double in the space of a few months and suffered from mood swings and hot flushes. Initially, doctors assumed these symptoms were caused by pubescent hormonal fluctuations. The diagnosis of a severely premature menopause was only made two years after her symptoms started. Amanda is the youngest post-menopausal female to have been reported.40 Since she started taking hormone pills, which she will have to take until the age of fifty, she is doing much better, but if she ever wants to have children she will have to use an egg donor.

Besides being early, average or late, menopause can also come about naturally or unnaturally. As mentioned, a natural menopause is when you release your last few eggs, with the final egg leaving in your last period.41 But you can also abruptly end up with an unnatural menopause – for example if the ovaries are rendered inoperative due to chemotherapy or an autoimmune disease, or if they are surgically removed. A famous example is the actress Angelina Jolie. She lost her mother to ovarian cancer and learned that she herself was carrying a mutation in the BRCA1 gene, which put her at increased risk of both ovarian and breast cancer.42 Jolie therefore decided to have her ovaries and breasts surgically removed. She announced the news in a letter to the New York Times, which attracted so much attention that an ‘Angelina Jolie effect’ was observed in the healthcare system, with large numbers of women having tests for this gene or undergoing preventative surgery. Jolie spoke openly about suddenly going through the menopause, and although she had relatively few symptoms, she started hormone therapy – probably to retain her quality of life.



A number of years ago, it was assumed that the mother’s age of menopause onset was a good predictor of when her daughter or daughters would go through the menopause.43 The age that women have their first child has been increasing since the 1970s, which begs the question: is it possible to predict the moment at which fertility starts to decline? It was believed that if you wait too long, you might end up leaving it too late. Fortunately, there are now all sorts of technical and medical ways of extending a woman’s fertility (such as freezing eggs, embryos and even ovaries – more about this later). These measures are, however, expensive and therefore not accessible to everyone.

In 2012, Danish researchers confirmed the long-held suspicion that around 50 per cent of the variability in menopausal age is attributable to genetics.44 Identical twins have a menopausal age that is more similar than twins with different DNA.45 At the same time, they shouldn’t forget that around 50 per cent is not set out in our genetic blueprint, and that environmental and lifestyle factors can also influence this timing, which has evolutionary roots.

On an individual level, smoking – and even passive smoking – always comes up as the most important predictor of menopausal age.46 The toxic substances in cigarettes – endocrine disruptors – cause an irreversible decline in both the quality and quantity of egg cells, which can cause perimenopause to begin up to four years sooner. Smoking can accelerate the drop in your oestrogen levels because the toxic substances in cigarette smoke impact your liver function, meaning that oestrogen is broken down more quickly. It’s not surprising, then, that smoking causes so many fertility problems.

So why is research into how other endocrine disruptors influence the timing of the menopause so slow to get going? It’s partly because of the long period of time between exposure and the development of symptoms. The Seveso disaster highlights this.47 In 1976, there was an explosion in a chemical manufacturing plant in the Lombardy region of Italy, which suddenly exposed the young women of the population to the toxic chemical TCDD. (The Vietnam War had already proved how harmful TCDD is to human reproduction, when the US army used Agent Orange, which contains this dioxin, as part of its herbicidal warfare programme.) Around thirty years after the Seveso disaster, a group of researchers compared the menopausal age of women who lived near the chemical plant with that of women from other regions. They found that the greater a woman’s exposure to the toxic substance, the younger she was when she had her final period.48

It was recently also discovered that the menopause can start earlier due to exposure to per- and polyfluorinated substances (PFAS), used for the non-stick layer in pans or for packaging and popular because of their stain-resistant and waterproof properties.49 It will come as no surprise to the reader at this point in the book that a slower operation of the thyroid gland is also associated with increased exposure to both PFAS and TCDD.50,51

The effects of endocrine disruptors have been of interest to toxicologists and fertility experts for some time now. Future research will either confirm or disprove whether the frequent use of cosmetic products (which contain endocrine disruptors) can also lead to early menopause.52

Contraception and menopause: from putting off to bowing out

Since its introduction in the 1960s, the contraceptive pill has led to a dramatic decrease in both the number of teen pregnancies as well as the number of unplanned pregnancies in Dutch women over the age of thirty-five.53 Thanks to this family planning, Dutch women are having their first child at an ever-older age; this figure has risen from an average age of twenty-four in the decades after the Second World War to around thirty today. This trend towards ‘putting off’ can cause problems for women.

Ever since the pill solved the problem of contraception – How do I not get pregnant? – we have struggled with the issue of conception: How do I get pregnant? As already mentioned, the quantity and quality of egg cells dramatically decline with age. The contraceptive pill doesn’t change that. Years before the menopause, fertility can decline so rapidly that a natural pregnancy becomes very unlikely. The disparity between biological and societal clocks has meant that the demand for medically assisted reproduction has increased significantly.

Around ten years after the arrival of the pill, technological feats like in-vitro fertilisation (IVF), whereby fertilisation of the egg takes place outside the body, increased opportunities for less fertile (and often older) couples. But with a success rate of just 20 per cent, this method didn’t always lead to the desired result.54 This is also because women often only considered IVF at a later age. In the late 1980s, ‘cryopreservation’ (from the Greek word for ‘icy cold’) offered a solution. With the help of this technique, biological material such as egg and sperm cells – or even fertilised embryos – can be frozen and stored for future use. In the same way our food keeps for longer if we store it in the freezer, lowering the temperature from 37 to –196 degrees Celsius causes the cells to go into hibernation, which keeps them young. This method can therefore be very useful to couples with anticipated fertility problems.

In the meantime, researchers have continued working on solutions for infertility in women who experience early menopause. In 2013, the new method of ‘in-vitro activation’ (IVA) was presented as a type of plug-in for IVF.55 In this process, the less active ovaries of these young women are surgically removed and stimulated in a laboratory, which causes them to miraculously awaken from their sleep. Reimplantation of the activated tissue in combination with hormone stimulation therapy has already led to the birth of hundreds of healthy children all over the world.56 In the Netherlands, this technique is currently only an option for women who experience early menopause, but it’s becoming increasingly accessible to wealthy couples in the US who wish to decide for themselves when they want to start a family.



If younger egg and sperm cells offer so many advantages, and fertility treatments are increasing, you may wonder why we don’t, as standard, freeze our egg and sperm cells when we’re young. After all, there are currently no indications that test-tube babies or ‘thawed’ children develop less well than ‘fresh’ embryos.57 The reason, besides the fact that it would considerably increase healthcare costs, is that a natural pregnancy is, to date, the most successful, not only in terms of the number of children, but also in terms of the health of the children and the mother. Our valiant attempts to imitate the complex hormonal plan via fertility treatments (together referred to as ‘assisted reproductive technology’) lead to striking hormonal peaks. Scientists are becoming increasingly fearful of the as-yet unknown consequences of this.

Ice babies
In 1984, the world’s first ‘ice baby’ was born in Australia. As an embryo, Zoe had spent two months in the freezer.58 The cryopreservation technique was developed in order to reduce the number of multiple pregnancies in IVF and to minimise the associated risks. If you can store the embryos, you don’t have to transfer them all at the same time and can choose an ideal moment to do so: when the mother has the most favourable hormone levels. A mother’s eggs also don’t have to be ‘harvested’– a powerful stimulation using hormonal medication, with all the associated pain and risks – as often. All in all, cryopreservation offered a greater chance of pregnancy: by up to 65 per cent.59
That’s a lot of benefits! After the seemingly unproblematic procedure with Zoe, many other ‘ice queens’ and ‘ice kings’ (or ‘Eskimos’, as they are sometimes called) soon followed. For a long time, this experimental technique was reserved for couples with a medical condition. After six hundred thousand successful births, this technique also became available commercially in 2012, which led to a huge rise in the number of treatments. The main reasons women cite as to why they decide to freeze their eggs are that they are still looking for the right partner or that starting a career is incompatible with starting a family. A number of large US companies, such as Facebook, Apple and Google, even offer their employees financial support if they wish to carry out this expensive procedure.60


James Watson, who played a crucial role in the discovery of our DNA in 1953, was one of the first to criticise fertility technology. He didn’t think embryo transplantations were a very good idea, to put it mildly, and four years before the first successful IVF procedure he predicted that ‘all hell will break loose, politically and morally, all over the world’.61 The new techniques were received somewhat more favourably than he predicted, but it’s not inconceivable that exposure to high concentrations of hormones could have long-term consequences. An example of this was already mentioned in the Introduction, whereby the side effects of DES, an oestrogen preparation that was mainly prescribed to prevent miscarriages in the Netherlands before the 1970s, were more drastic than expected for the mothers as well as their children and even grandchildren.

With fertility treatments, synthetic antioestrogens are used to promote follicle growth, after which FSH induces ‘superovulation’. In its guidelines, the Dutch Society of Obstetrics and Gynaecology also lists other hormone treatments, such as progesterone or the pregnancy hormone hCG, corticosteroids or substances that stimulate ovulation.62 The huge range of hormone treatments for fertility can be very confusing (not just for the body), and because these treatments are relatively new, possible long-term effects, including those for future generations, can’t be ruled out.

This uncertainty around long-term effects leaves room for speculation. It has been claimed, for example, that children conceived via a test tube could be at increased risk of autism-like disorders. However, a large-scale Swedish study carried out in 2013 rejected this claim.63 It’s more likely that specific characteristics of those parents who undergo fertility treatment (such as an older age, health problems and more frequent multiple births) have a greater influence on the health of their children than the treatment itself.64

With all the statistics about success rates with fertility issues, these procedures can still seem like a lottery, except that we likely have a considerable influence on the outcome. This is because our own hormones are key when it comes to the success of fertility treatment. In short, if you have reduced fertility you should schedule the embryo transfer for spring, and you’d do well to lay off the coffee for a while. Research has shown that exposure to springtime light activates cells that stimulate the release of LH and FSH: two hormones that are important for egg cell maturation and ovulation. Spring is the winner when it comes to the likelihood of getting pregnant after fertility treatment. Caffeine, on the other hand, has a negative effect: drinking more than five cups of coffee a day is just as disastrous as smoking cigarettes when it comes to the likelihood of a successful IVF attempt.65

Pregnant with your own granddaughter
As well as providing solutions to fertility problems, technological progress and knowledge can also lead to ethical and societal dilemmas, as James Watson predicted. Thanks to synthetic hormones, cryopreservation and IVF and IVA techniques, it’s now possible to get pregnant even after the menopause: by fertilising premenopausal eggs and transferring them, if necessary, to a surrogate mother. In 1999, a 66-year-old British woman became the oldest woman to give birth to her own grandchildren, after her son and his partner struggled to carry babies to term. The honour of the oldest mother, however, ever goes to Omkali Charan Singh from India. She and her husband had only daughters, who were unable to inherit any possessions due to their sex. At the (estimated) age of seventy-four, she therefore desperately attempted to have a son via IVF.66 And it was successful!
In the Netherlands this is prohibited by law; for many years, the maximum age for these procedures was forty-five in order to protect the health of both mother and child. As the strict criteria often pushed women to go abroad for these procedures, and because life expectancy has increased, the maximum age was recently increased to forty-nine. Experts suspect post-menopausal pregnant women won’t be an unusual sight in a few years’ time.
Another scenario that no one had considered when medical assistance for fertility issues was in its infancy was the way unborn children can experience time travel. An example of this is the Chinese boy Tiantian, who was born with the help of a surrogate mother in Laos in 2018, four years after both of his parents died in a car crash.67 As the surrogate mother didn’t give birth in China, his grandparents fought for Tiantian to be granted Chinese citizenship.68 Emma, another such example, is only actually one year younger than her surrogate mother. During a round of IVF twenty-four years earlier, her biological parents had a number of embryos frozen, not all of which were transferred.69 When they donated the remaining cells to a young couple, a successful pregnancy caused a bizarre journey through time.
Slowly but surely, attention is shifting from outstanding technical features of hormonal treatments to ethical dilemmas: how far can we take this? Could a woman, one day, get pregnant with her frozen brother or sister?


ADAM and the andropause

So far, the ‘male menopause’ has generally remained out of the spotlight, probably because it is a much more gradual process. But it’s long been known that men also experience changes during this period of transition. The German neurologist Kurt Mendel (1874–1946) borrowed the term ‘climacterium’ from the Ancient Greeks to describe symptoms such as lethargy, loss of strength, attacks resembling hot flushes and emotional instability in ageing men: climacterium virile.70 He couldn’t fully explain it, but his research was still extremely important. In his systematic search for possible causes of these symptoms, he stumbled upon the products of the gonads before these hormones were discovered. He assumed that these substances were responsible for sex-specific characteristics, and that a decrease in these substances would therefore make a woman more masculine and a man more feminine, relatively speaking.

Not much later, the English gynaecologist Robert Barnes made a strong statement in response to Mendel’s comments about the climacterium virile: he stated that the andropause is in no way similar to the complete revolution the female body experiences when the hormonal deterioration of the ovaries begins. By advancing the term ‘menopause’, the male half of the world’s population has been excluded from the hormonal midlife crisis for the past century. Attention has mainly been focused on the abrupt changes to the female body, with the consequence that male symptoms of this period of transition have been virtually forgotten.

It’s true that women experience more hormonal changes than men. As there’s no abrupt moment of transition in men as there is with menopause, Barnes appears to be right; men often experience fewer effects of the hormonal ageing process and their symptoms arise more gradually. The main male hormone, testosterone, doesn’t fluctuate monthly and its production doesn’t stop abruptly like the production of oestrogen in women. Instead, it gradually decreases by 1 per cent each year from the age of thirty. In the 2016 book How Men Age,71 the American medical anthropologist Richard Bribiescas lists the biological and social advantages of the andropause caused by lower and more stable testosterone levels: more fat deposits (better chance of survival during famines), less reckless behaviour and greater knowledge of social group processes.

Thanks to the work of Mendel and the discovery of many hormones shortly afterwards, there has been continued interest in hormonal changes as we age.72 With our current knowledge, we can respond to complaints about the transition years in a more focused manner. We now know that testosterone levels start to fluctuate on a daily basis in men over the age of forty, after which they gradually decrease to around 70 per cent of the normal level by the age of eighty.73 The term ‘andropause’ has therefore been replaced by the more appropriate term ‘androgen deficiency in the ageing male’, abbreviated to ADAM.74 Due to the functions of testosterone, a shortage of androgens can, as Mendel observed, lead to a lower libido, decreased muscle mass, fewer red blood cells, weaker bones and a gloomier mood – an obvious parallel to the loss of female hormone.

The memoirs of the Dutch doctor and writer Ivan Wolffers highlight the impact of these types of changes. He was diagnosed with prostate cancer in 2002. As testosterone sends a growth signal to prostate cells and can therefore trigger (metastatic) cancerous cells to grow, he was ‘chemically castrated’ by means of hormone-blocking substances – a less invasive procedure than full castration, for which Charles Huggins won his Nobel Prize. In his book Heimwee naar de lust, whose title, ‘A Longing for Lust’ refers to what the author regards as one of the most unpleasant side effects of hormone therapy, Wolffers shows that a dry summary of symptoms falls short of the actual experiences of patients.75 He also explains how rapidly he noticed himself changing from the tough, self-confident man he had always been to a ‘soft, hairless eunuch [and] impotent cry-baby’, who was hypersensitive and seriously questioned ‘where [he] began and the hormones ended’.

His book provides a useful insight into physical changes, such as loss of muscle mass and hair, but also into the consequences for mental health and personality. Wolffers also suffered from hot flushes as a result of the treatment. Though we associate hot flushes with post-menopausal women, they’re not unusual for men with ADAM either. It’s not yet clear what exactly causes hot flushes, but researchers think sex hormones might affect the centres in your brain responsible for temperature regulation. The case of a 32-year-old British soldier is particularly striking. He lost both testicles in an accident in Afghanistan and ended up in a ‘traumatic andropause’.76 In the first few weeks, his body temperature fluctuated, apparently without reason, and doctors tried to treat the symptoms with antibiotics. It was only after intramuscular injections with testosterone that his temperature stabilised, which proves just how important (male) hormones are for everyday bodily functions.

Testosterone for eternal youth?

It is estimated that only one in every fifty men who believe they suffer from ADAM actually has a shortage of male hormone.77 That’s why treatment with testosterone is generally not the most appropriate solution. Despite this, the substance is more popular than ever; over the past ten years, the sale of testosterone preparations has increased fivefold. In the nineteenth century, Brown-Séquard and his followers announced that they had ‘rejuvenated’ themselves with injections containing animal testicular extract. We now know that this was a placebo effect, but the neurologist’s enthusiasm led to global interest in what was reputedly a key to eternal youth, with many daring doctors experimenting with testicular extracts or even with transplantation of the organ. After the discovery of testosterone, hormone therapy – in parallel with oestrogen supplementation for women – became extremely popular for a long time.

The supplementation of decreasing hormone levels in men hadn’t yet been proved a good idea. For example, a recent paper showed that topping up testosterone did not have any beneficial effects on bone fractures, and even increased fracture incidence for those individuals.78 Yet, the masses believed in it and this belief was bolstered by books like The Male Hormone by the American microbiologist Paul de Kruif.79 In this book, which was published in 1945 and inspired by scientific experiments with the recently discovered testosterone, he praises the ‘magical’ substance, which he believes is essential for the golden older years (‘when life is richest and its demands the heaviest’). He believed that many success stories would ensue. Despite the lack of scientific evidence for the theory that testosterone fulfils its promises, the number of low-testosterone clinics (or ‘low-T’ clinics) where people can go for a rejuvenating formula is on the rise.80

It may be the case that the restorative effect of a testosterone boost is due to an increase in red blood cells.81 Testosterone stimulates the kidneys to produce more EPO, a glycoprotein hormone naturally produced by the peritubular cells of the kidney, which (as we also know from various doping scandals) helps transport oxygen to body tissue more quickly. Of course, this benefits your endurance and overall condition, but it doesn’t mean that you actually get any younger. One side effect of testosterone injections is that the body retains more salt and water thanks to ADH (antidiuretic hormone or vasopressin), which can cause an increase in blood pressure. In general, men have a lower life expectancy than women, and testosterone supplementation further reduces this.82 Studies with eunuchs have repeatedly shown that they live up to twenty years longer than their uncastrated counterparts.83 For the time being, testosterone is therefore not the end point in the search for the elixir of life.

The exceptionally high number of age-related ailments in young body builders is also inconsistent with the belief that an extra dash of testosterone increases vitality.84 But that ‘dash’ is key: the amount used for sporting purposes is many times greater than the amount needed to supplement the body’s own production.85 And even if you were to limit yourself to that small amount, it would still not solve symptoms of the andropause in a middle-aged man. This is because a low level of testosterone is sometimes not the cause, but the result, of deteriorating health. This makes the approach for treating this type of complaint especially complicated.

With weight gain, for example, the body fat of an overweight man converts testosterone into the female oestrogen.86 One of the first symptoms of a low testosterone level is a decreased sexual desire, as Wolffers describes so well. The America and UK of the 1940s used that knowledge to give young homosexual men a controversial and experimental ‘treatment’ with testosterone preparations. It was long believed that their ‘female constitution’ could be ‘rectified’ by immersing them in male hormone.87 We don’t know whether their libido increased, but the anticipated change in sexual orientation certainly did not take place.

All in all, the decrease in testosterone levels in middle-aged men is part of a natural process that has been going on for thousands of years, and which appears to predominantly have biological and sociological advantages, as Richard Bribiescas describes. Despite all the success stories, treatment with testosterone can’t indefinitely hold off the decline of the young, athletic, male body. That’s why the healthiest conclusion at this point is that it’s more effective for middle-aged men to improve and maintain a healthy lifestyle than to go grasping at straws with a daily dose of testosterone. Ultimately, Mother Nature is fair and gives both women and men, in the menopause or andropause, a nudge towards the next phase of life.
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A New Balance

After a Hormone-filled Life

At the start of the 1990s, the American relationship counsellor and author John Gray achieved global success with his book Men Are from Mars, Women Are from Venus.1 By highlighting recognisable aspects of both sexes and linking these to day-to-day examples and explanations, he tapped in to something we are all curious about: the fundamental differences between men and women. In nature, it is generally accepted that these differences exist. During a trip to a children’s farm we learn that a colourful peacock is the male and a plainer specimen the female. Compared with animals, the difference between the human sexes doesn’t seem as distinct, but appearances can be deceptive, as there are numerous sex-specific differences in appearance, build, organ function and even in the way in which men and women get ill, recover and age. Our hormones – of course – play a key role in this.

Whether we are male or female depends on a single biological difference: the presence or absence of the Y chromosome in our genetic makeup, which consists of a total of forty-six building blocks. The information on this male chromosome is responsible for the development of testicles and therefore the production of testosterone (see also Chapter 2), which shapes the male body for the rest of life. Even before birth, the sex hormones ensure that the physical structure develops differently in men and women.

In general, men are taller and have a different skull shape (and therefore a different face) to women. As women are designed to be able to give birth to a child, they generally have wider hips. With the stereotypical female hourglass figure, the navel is under the waist, whereas with the male V-shape (with broader shoulders than hips), the navel is above the narrowest point. We also differ in terms of fat distribution: men store surplus energy in the belly, whereas this is generally stored around the hips and thighs in women.2 If you look carefully, you even notice that flat feet are more common in older men than in older women.3 In turn, women blink more often than men, and the frequency with which they do so increases with age.4

There aren’t only external differences – we are different on the inside too. Not only are the thyroid, liver and kidneys smaller in women, but the brain, heart, lungs and oesophagus are also significantly larger in men. Why is it important to know this as you age? Because knowledge of the differences between the male and female body is crucial when it comes to providing appropriate medical care. It was only recently discovered that many age-related ailments progress differently in men and women and that changes to sex hormones promote this. In short, ageing is a broad term; ‘senior’ means ‘older person’ as well as ‘more experienced’. The experience of ageing is just as individual as the senior-citizen discount on public transport is universal. One person may still be full of vitality, even in sexual terms, while another is afraid of getting sick and yet another has already started deteriorating due to ill health. In this chapter I will show what happens physically between the ages of sixty and seventy-five. In this phase of life, the body experiences a hormonal U-turn, through which it prepares itself for old age. What’s fascinating is that men and women start to become more similar in hormonal terms.

Changing of the hormonal guard

Biological sex is one of the first distinctions we make, often subconsciously, for ourselves and others. You are either a man or a woman – even though these categories are increasingly experienced differently. There are all sorts of ingrained stereotypical assumptions attached to that distinction: girls cry more than boys, adolescent boys don’t talk, the study of psychology is for women and the man of the house repairs the kitchen cupboards. And while research has shown that women cause fewer traffic accidents than men, we always hear about their inability to park.5

When they hear the word ‘hormones’, most people instantly think of all the differences between men and women. And many of these differences are caused by sex hormones. However, something unusual happens in old age. As we age, the hormonal differences between men and women slowly dissipate. Despite the fact that oestrogen drops abruptly in post-menopausal women, whereas testosterone falls gradually in ageing men, there are similarities between the sexes in biochemical terms. While oestrogens are in power in women from puberty onwards, a change of the hormonal guard takes place at around the age of sixty: testosterone originating from the ovaries and adrenal glands begins to take charge. In most older men, androgens maintain a narrow majority, but compared with younger men, they suddenly have up to three times as much oestrogen.6 If you are already overweight as an elderly man, you gain even more weight because the fat tissue itself also produces oestradiol, a form of oestrogen, from testosterone.

After a life of hormonal and other physical differences, men and women start to become more alike in this phase of life, which some married couples emphasise by sporting matching waterproofs and hairstyles. The hormonal shift is reflected in the way in which the older body adapts physically. In women, changes to hair, skin, voice and behaviour are somewhat more noticeable than in men. Let’s take a closer look at these conspicuous features, starting with body hair.



In many people, the ageing process results in hair loss: men lose hair on their legs, chest, arms and head. Meanwhile, an altered hormonal balance can lead to hair growth in older women. This increase in body hair, brought about by testosterone, is mainly seen on body parts where men typically experience hair growth: the chin and the upper lip. This phenomenon is also known as ‘hirsutism’. Even though testosterone levels in older women remain lower than that of their male peers, they experience significantly more problems with facial hair growth – and baldness – in comparison with younger women.7 The fact we don’t encounter women with beards on a weekly basis is more down to the dominant beauty ideal (and the opportunities to remove unwanted hair growth through epilation and laser removal) than a lack of hormonal effort.

Hair = power
Physical and spiritual power have been attributed to body hair for many years, long before testosterone’s role in this was discovered. Just think of Samson from the Bible, whose strength resided in his long hair. And if you know your saints, think of Saint Wilgefortis, also known as Uncumber.8 She had firmly decided to dedicate her life to God, but her father – the king of Portugal – had other plans and sought a husband for her. Her prayers to ‘unencumber’ herself from both men were answered: Wilgefortis grew an unattractive beard that gave her an even more powerful appearance. Unfortunately for Wilgefortis, her beard was seen as a sign of the devil and she was crucified. Her story resembles that of the first female Pope Joan, who may also have suffered from adrenogenital syndrome.9 In later times, women accused of witchcraft had their heads shaved prior to their trials to do away with any unseen forces.
Men attach great importance to their hair. The Kenyan Masai, for example, are convinced that the loss of facial hair in their chiefs goes hand in hand with a loss of leadership qualities; at various stages of life, the women would shave the men’s heads (for example, when they get married or when they reach the age of an elderly wise man).10 You might think this knowledge even made it as far as the White House, where the former president Trump did his utmost to maintain his blonde coiffure so as to demonstrate his vitality and power. He reportedly still takes finasteride for this on a daily basis,11 which hinders the breakdown of testosterone and therefore also suppresses hair loss. His personal physician doesn’t reveal whether the former president also suffers from the common side effects of this, which include loss of libido, impotence and growth of mammary glands. But as long as his hair looks good…


Skin and bone structure

Besides hair loss or growth, skin also changes as we age. Whereas cosmetic treatments and hormonal remedies based on testosterone (such as finasteride) sometimes make it difficult to estimate a person’s age based on their hairdo alone, our skin appears to be a better predictor, especially for women.12

Wrinkles can give such an accurate impression that researchers train computer systems to estimate the age of fugitives on this basis.13 Of course, not smoking and avoiding alcohol also help, as do healthy sleep, using a good night cream from a young age (without complicated additives) and protecting yourself from the sun when outside. However, hormones also play a role in the deterioration of the skin. The oestrogens that give a woman smoother and younger-looking skin than a man for most of her life let her down relatively abruptly after the menopause.14 Her skin becomes wrinkly and loses elasticity and robustness; wounds also heal less quickly.15

The assumption that men age more attractively than women, with men like George Clooney, Pierce Brosnan and Richard Gere as examples, appears to be based on rising oestrogen levels in ageing men. On the other hand, this can also cause men to gain weight (the so-called ‘dad bod’).16

Whereas a decrease in oestrogen levels mainly affects the skin, the shape of the face of older women appears to change under the influence of testosterone, which is now dominant.17 In particular, this affects the ratio between the length and width of the face. The higher the testosterone level, the wider the face becomes related to the length. For boys in puberty, this leads to the formation of an adult face,18 but women with PCOS also notice similar changes to their facial structure.19 Broader jawlines and more prominent eyebrows are sometimes also observed in female bodybuilders who increase their androgen levels through the use of steroids.20,21

Testosterone is not the only factor, however. In this phase, we not only observe changes to the skin, facial structure and hair of ageing women, but also to their personality.

Male and female roles

By losing its task of reproduction, it seems that the female body goes through a role reversal and expresses its power in a different way. Research carried out by the American scientists Margaret Zube and Esther Perelman, experts in the field of relationship issues in older people, showed that older men tend to become more introspective, whereas women are more likely to take on new projects and to raise their profile outside family life.22

A man not only becomes gentler as he ages, but also somewhat gloomier. He is more likely to feel downcast than in his younger days. On this psychosocial level too, men and women become more similar. Women have a higher risk of affective disorders such as depression throughout their lives. This is related to the quantity of monoamines: hormone-like signalling substances in the brain that play a role in emotions and resemble neurotransmitters like dopamine and serotonin.23 In healthy, adult women, those monoamines are erratic; the cyclical variations to their sex hormones are, in part, responsible for fluctuations that make women more susceptible to depression. But the change in sex hormones as a woman ages causes steroids to appear on the scene, which appear to have a beneficial effect on monoamines in women. Ultimately, the risk profiles become even more extreme; research shows that 86 per cent of all suicides in older people are committed by men.24 Due to the complex nature of depression and the factors involved in suicide, the exact role that our hormones play in this is, of course, difficult to establish.

Broader jawlines can also benefit women in their work. A more masculine look is often associated with dominance and success. Research shows that CEOs of international companies and leaders of major organisations tend to have broader jawlines, relatively speaking.25 Evidently we think of people with broader jawlines as more competent. In electoral campaigns, the appearance of the top candidate is also crucial. It takes only a fraction of a second for voters to form an impression of someone’s competence,26 which seems to be the decisive factor when we walk into the polling station, overloaded with information. In an experiment, children between the ages of five and thirteen were shown photos of electoral candidates and asked: who would you choose as the captain of your boat? Here too, those with broader jawlines were favoured,27 and these children were able to predict the electoral result with relative success.

Let’s return to the behavioural changes in people as they approach retirement age. Many a management guru is aware of the sex-specific change to the behaviour of older employees.28 As they age, male employees care less for hierarchy and become more personal and human. Women are more likely to become rationally motivated as opposed to emotionally motivated. Although these are generalisations, this knowledge helps us better understand group dynamics and therefore better manage older employees.

The ageing voice

Finally, old age sometimes gives itself away even if we can’t see the person in question. This is because your voice also changes as you age. Men’s voices usually gradually get higher, whereas women’s voices deepen.29 For female professional singers, this ‘post-menopausal voice syndrome’ can be problematic for their careers.30 Women are often familiar with the effect that their monthly cycle can have on the pitch of their voice.31 Many singers have therefore learned to schedule their work according to their menstrual cycle, or they take hormonal contraceptives to protect the quality of their voice. On the other hand, the higher pitch of a man’s voice may indicate that his fertility is coming to an end. From an evolutionary point of view, a deeper voice is an effective way of attracting female interest. Scientific research confirms that women are more attracted to men with deeper voices – especially when they are at their most fertile.32 In addition, men appear to change their voice based on the (presumed) social hierarchy between them and their conversation partner; if this is another man with whom he is competing for the attention of a potential partner, his voice will deepen.33 An ageing man, with changed interests and lower levels of testosterone, therefore loses the lower notes – as he no longer needs to reproduce.34

As you can see, there is plenty of evidence that men and women become more similar as they age. However, sex-specific characteristics continue to exist. You can count the number of knitting grandads on one hand, for example. The fact that the body is controlled by a female or male cocktail of signalling substances for an entire lifetime certainly leaves its mark.

Different symptoms of the same condition

First of all, general anatomical differences between the male and female body can explain why one sex is more susceptible to a certain condition than the other. For older people this difference becomes even more apparent, for example with cystitis. After the menopause, women become more susceptible to this than they were previously, because the thickness of the lining of the urethra decreases when the oestrogen level in their blood drops.35 For men, the number of urinary tract infections remains relatively constant throughout adulthood. The anatomical reason for this is that a woman’s urethra is straight and short (just four centimetres long), whereas that of a man is on average twenty-two centimetres long and curved.36 Only an extremely determined pathogen can therefore reach the male bladder. However, as the prostate grows over time, bladder infections become more common in older men. Often, such an infection requires more intensive treatment than before, to ensure that it doesn’t lead to pyelitis or sepsis.

There are differences relating to the skeleton too; male bones are generally stronger. Older women, on the other hand, are more likely to suffer from collapsed vertebrae and arthritis in the knee.37 This is also related to the shape of the female pelvis, which is positioned in such a way that a mild form of knock-knees is more common in women. The knee joints are therefore under greater pressure throughout a woman’s life, which causes them to wear out more quickly than a man’s.38 It might seem unfair, but it’s true: because worn-out knee joints can make you less mobile more quickly as a woman, you are more susceptible to conditions caused by a lack of movement and obesity, which in turn increases the likelihood of adult-onset diabetes.

Men also have better alcohol tolerance, which means they can stay sober for longer. A woman’s liver is not only smaller, but also produces less alcohol dehydrogenase, which is the group of enzymes that accelerates the breakdown of alcohol. After the same glass of wine, more alcohol is left in a woman’s blood than a man’s.39 As women generally have relatively more body fat, alcohol is also excreted less quickly, and they become tipsy more quickly.

Do women always draw the short straw as a result of these differences in metabolism? Not always. In some cases, they benefit. Because they metabolise fat more effectively, for example, women can store more energy in the form of sugar, which means they naturally have a greater endurance.40 Despite the fact that, in relative terms, men have more muscle mass, a bigger heart, a greater lung capacity and a greater capacity for the transportation of oxygen, they are no match for the more energy-efficient women on a long bike ride.41

Incidentally, these are just a few examples of demonstrable differences between the male and female body. But until recently, this knowledge was rarely applied to the treatment of conditions, and this has put individual patients at risk. The differences between our bodies and how they behave is crucial, not only in terms of recognising symptoms, but also in terms of determining the best course of treatment. It was recently discovered, for example, that cardiovascular disorders present themselves differently in women and men. Chest pain (the well-known sign of an impending heart attack) usually radiates to the left arm or the jaw in men, whereas women usually experience pain in their back or neck – and sometimes they don’t experience any pain at all.42 The perceived atypical nature of their complaints (such as dizziness and fatigue) means that female patients and their doctors often fail to recognise signs of an impending heart attack.43 ‘The woman’s heart is coveted, but also gravely misunderstood,’ cardiologist Janneke Wittekoek writes in her book Het vrouwenhart (‘The Woman’s Heart’).44 The cardiologist and professor Angela Maas brought global attention to the female heart with her research into the differences between men and (post-menopausal) women in terms of the risk of cardiovascular disease and its treatment.

The fact that diseases also behave sex-specifically makes it especially complicated when it comes to recognising symptoms. In the case of coronary artery calcification in women, the smaller arteries constrict over their whole length, whereas in men, constrictions in the larger vessels of the heart are more localised but also more serious.45 Female former smokers are more likely to have a heart attack than non-smokers for a good fourteen years after their last cigarette, whereas the effect of smoking disappears in men within eight years of their last cigarette.46

Even if we use tried-and-tested technology, a suspected heart attack is still more difficult to prove in women than men. An electrocardiogram (ECG), for example, is considerably less reliable for a woman due to the different shape of her chest.47 Better detection methods are possible, but these are often more expensive and less user-friendly. That’s why an ECG is still considered the gold standard for the diagnosis of a heart attack. Another important objection to the ECG is that this technology, just like many medications, was developed on the basis of research using male test subjects. The cardiologist Angela Maas explains: ‘The man was the norm; heart complaints in women were vaguer and were dismissed by male doctors as either symptoms of the menopause or as whingeing.’

The assumption that the man is the norm can also be observed when it comes to screening for bowel cancer, the most common cancer in women after breast cancer. The procedure relies on detecting miniscule quantities of blood in faeces but this doesn’t appear to be a good indicator in women. Not only is the tumour of the bowel often in a different location – in women it’s usually at the right of the stomach, where it can’t be examined as easily, whereas in men it is usually on the left – but the passage of the contents of the gut is slower in women.48 This means that more blood can be reabsorbed into the bowel, as a result of which it doesn’t end up in the faeces, where it would be possible to detect it using the available screening test.

Bikini medicine
If a woman’s body functions so differently from a man’s body, why has the female physiology been considered a ‘light version’ of the male body for so long? The answer is simple but crude: since the emergence of modern medicine, a lot more research has been carried out on men than women.
According to Marek Glezerman, an Israeli emeritus professor of obstetrics and gynaecology and author of the book Gender Medicine (‘Ook getest op vrouwen’),49 first published in 2016, the dramatic results of medical studies carried out on pregnant women in the 1950s and 1960s played an important role in this. When it was established that the children of the participants displayed abnormalities, the American Food and Drug Administration (FDA) deemed that reason enough to prohibit certain forms of medical research being carried out on women of fertile age. Men are the preferred choice when it comes to testing medicines because they don’t have a menstrual cycle, so their hormone levels are much more stable. As sex hormones can influence the metabolism of drugs, however, this exclusion led to a considerable shortfall in knowledge of how illness presents in women and an associated lack of knowledge about treatment with medication.
This shortfall is so great that it takes much longer for women to receive a diagnosis from a doctor, and they often end up with the wrong diagnosis.50 Research from Oxford University suggests that not only is medication prescribed later for women than men, but also that medication, such as that used to treat heart failure, would have to be prescribed in different dosages for women in order to be effective.51 Experts in the field of biological differences between the sexes refer to this as ‘bikini medicine’: a dangerous blind spot that arises from the long-held assumption that women only differ from men in the places hidden by a bikini.52 The result of this is that women live in poorer health for longer than necessary.
Is the solution, then, to simply carry out more scientific research on women, to fill the gaps? Glezerman and his colleagues call – and rightly so – for a more in-depth analysis of the differences between the sexes. These differences, they assume, developed as a result of diverging physical demands many centuries ago. Our distant ancestors divided up day-to-day tasks in order to increase the chance of survival. Put simply, the women’s task was to reproduce and give birth, for which they needed enough stability and energy stores in their lower body. Men went out hunting and developed a talent for spatial awareness.53 The fact that we have mainly moved away from these roles in today’s society doesn’t mean that the physiological differences have suddenly disappeared. Glezerman and his colleagues are committed to enriching medical knowledge through sex-specific research and teaching. They expect that the ensuing improvements to medical healthcare will save lives. The hope is that the emancipation of women in the twenty-first century will also extend to medical healthcare so that women too will get an approach and treatment tailored to their body.


Being aware of the differences between the sexes is absolutely vital when it comes to cardiovascular disease. Despite the fact we’ve known about the different course of the disease for men and women since the 1990s (known as ‘Yentl syndrome’ – as depicted in the 1983 Barbra Streisand movie of the same name),54 we are only really starting to pay attention to this difference now, thirty years later. In its recent campaigns, the Dutch Heart Foundation decided to focus specifically on cardiovascular disease in women.

Winter body

The shift in the role of sex hormones in the bodies of older people also affects other endocrine systems. One such ‘affected hormone’ is the thyroid hormone. The declining production of sex hormones leads to less effective thyroid hormone receptors, which in turn means that thyroid hormone is less able to fulfil its role. As a result, processes in the energy system slow down and fat tissue increases.55 That excess fat tissue produces less leptin due to a decline in sex hormones. This satiety hormone (see Chapter 5) ensures an appropriate supply of energy during adulthood. Leptin influences your eating behaviour so that you stop eating when you’re sufficiently nourished. In practical terms, it prevents you from eating until you burst and storing that surplus energy as fat. The system is wonderfully designed; if your reserves are too low, your fat percentage decreases, as does your leptin level, which increases your desire to eat.

But the ageing body can become resistant to leptin,56 similar to how it can become resistant to insulin in the case of diabetes. As a result, you don’t get that feeling of satiety and your body is encouraged to eat more. Compared with the sex hormones, leptin plays only a supporting role as you age, but we shouldn’t underestimate its influence. When researchers gave mice a small quantity of additional leptin, the animals lost up to 40 per cent of their body weight.57 Despite the fact that fat mass is the main producer of leptin, the release of the hormone is mainly controlled by the sex hormones.58

In the autumn and winter our metabolism slows down, which causes us to gain weight – this is why we temporarily develop a ‘winter body’. In older people, the shifted production of hormones results in more physical changes. In general, people gain weight as they age; fat mass increases and muscle mass decreases.59 This makes it especially difficult for older people to maintain a slim figure. It’s just a matter of time before their winter body becomes a year-round body. But it is increasingly important to stay fit as we age. Your muscle mass percentage is a good indicator of how many years you have left: the higher the percentage, the longer your life expectancy.60 Both men and women benefit from physical activity as they age if they want to prevent muscle loss.

Old is the new young

Like in other life phases, major hormonal changes clearly accompany incipient old age. And while men and women become more alike in that respect, these changes unfold in different ways. For both sexes, endocrine problems present themselves rather atypically in old age, and not always as described in medical textbooks. And while we collectively appear to fear old age, we each experience the changes in our body differently. On birthdays we only admit how ‘young’ we are when cajoled into doing so. We associate old age with decline because our body functions less effectively. We suddenly can’t hear as well, run as fast – or run at all – or learn as quickly as before. Everyone wants to become old, but no one wants to be old.

As part of the ageing process of the human body, the endocrine system faces a similar downwards spiral; most hormonal, signalling chemicals decrease.62 But if you study the ageing of the endocrine system more closely, you will notice that these changes are adjustments that contribute to your health as opposed to hindering it. In order to understand how ‘old is the new young’, we need the biological terms ‘homeostasis’ and ‘feedback’. Our body has the ability to continually monitor our health. It ensures that the inner environment can recover and remain in balance even when conditions change. This physiological process is referred to as homeostasis. If the hormonal balance fluctuates, there is a problem. If, for example, your insulin and blood sugar levels are ‘too high’, this could be a symptom of a pancreatic disorder, which may result in insulin resistance. In that case, older people are treated with medications or synthetic hormone preparations to stabilise these levels as quickly as possible. But is such treatment even necessary?63

The demands placed on our physical functioning remain the same for a long period of time. They only change when we age and our body becomes less able to recover. In order to carry out the different functions in the body as effectively as possible, new ‘set points’ for hormones are established. A higher insulin level means, for example, that you can retain more energy so that you have reserves to use if you need to recover from a potential illness. When you are thirty and your body is still able to recover effectively, it doesn’t need that. But once you reach old age, new hormonal set values are established for the first time in a long while.

The production of prolactin, the pituitary hormone that stimulates the mammary glands to produce milk, decreases – after all, it makes no sense for a sixty-year-old woman to produce breast milk. For reasons that are not yet clear, the activity of the thyroid gland also decreases in older people. Initially, doctors suspected that this organ functions less effectively due to old age,64 but they later established that a less active thyroid gland actually reduces the risk of strokes and heart rhythm disorders. The reference values for blood tests in older people have since been amended. As a result, we don’t have to treat every older person with deviating hormone levels – which are the result of a newly configured balance – for illness.

The same also applies to insulin, the hormone that keeps our blood sugar level low. In a fasted state, older people often have a larger amount of glucose in their blood, and higher insulin levels, than younger people.65 This fits the picture of insulin resistance. But we now know that this is a normal response, so we shouldn’t immediately jump to the conclusion that older people have ‘age-related diabetes’.

How are the set points for this last phase of life established at the right level? Researchers suspect that the answer lies in the operation of our in-built hormonal feedback system. This is another example of just how clever our endocrine system is. It closely monitors all hormone levels and works like a thermostat, continually adjusting hormone levels depending on what our body needs at that time. Is there too much of a certain hormone? If so, the stimulus that promotes the production of this substance is suppressed. Vice versa: if there is a hormonal shortage, the brake is automatically released so production can be resumed.

In most cases this type of hormonal feedback system ensures that the balance – the homeostasis – is maintained. On the other hand, sometimes the aim is to adjust hormone levels when our body is going through a certain developmental phase. This applies to fertility, for example. In early puberty, the sex organs become more active. So as not to impede this process, the body adjusts the sensitivity of the sex hormone glands with regard to the feedback signal, so the stimulus from the pituitary gland can remain high and the process of becoming fertile can be initiated.66 Something similar happens as you enter old age, and the pituitary gland plays an important role here too. In the same way that becoming fertile is one of the first new set points in the human body, a decreasing level of sex hormones represents the start of your ‘second adolescence’, which starts around the age of sixty. For the operation of the pituitary gland, see the diagram on page 49.

Other hormones also start acting differently as you age. The growth hormone variant IGF-1, and the adrenal gland hormone DHEA, similar to testosterone, drop to extremely low levels,67 while levels of LH and FSH increase – which has additional benefits, as you will see. This can all cause considerable fluctuations to the blood levels, and considering how many different functions each of our hormones have, it is almost as if the body has to learn to walk all over again. In this case, the saying ‘once learned, never forgotten’ doesn’t seem to apply.

An adjusted homeostasis is one of the clearest manifestations of the ageing process. Your body is developing. If the ‘healthy norm’ doesn’t change, you and your doctor may see anomalies and symptoms of disease. This may make it difficult to differentiate between certain physiological changes associated with ageing and symptoms of disease. Think of the menopause: what may be a hindrance for one woman may hardly bother someone else. As hormones often have more than one function, our new set points can also present themselves as blessings in disguise.

Take, for example, the rising levels of LH and FSH, which stimulate your sex organs. As the reproductive task is dropped, the continued stimulation of the depleted ovaries and other glands may seem like wasted effort. So scientists wondered whether these hormones controlled by the pituitary gland might fulfil other roles in older age. And they were right; it turns out LH and FSH have several strings to their bow: they’re also important for bone density, fat storage, body temperature and an effective memory.68 Did you know, for example, that Alzheimer’s disease is twice as common in women as it is in men? This difference is caused by different LH levels in their blood;a lower LH level in women negatively impacts their memory. 69,70,71,72

Interfering with these processes isn’t necessarily wrong and can even have a positive effect, but only if the complex process has been properly understood and well researched. Supplementing hormones is thus not always the best decision.

Coming and going

‘There’s a time for coming and there’s a time for going.’ These words, written by the Dutch poet and theologist Petrus Augustus de Génestet, also apply to our hormones. They not only have their daily and monthly rhythms, but they also rise and fall during the various phases of life. In older age, sex hormones drop to levels comparable with those before puberty. And although pituitary hormones go into overdrive to compensate for this, they too naturally fall after a few years.

The two lines that follow from de Génestet’s poem, ‘That’s what you heard, but did you understand it too?’, are no less applicable. That’s precisely the question, if you consider all the desperate (and failed) attempts to rejuvenate ourselves by boosting our hormone levels to those of our younger selves. To date, all efforts to develop a hormonal rejuvenating cure have failed to deliver (and more often than not have led to negative outcomes). But it’s understandable that people continue to experiment in this field; research shows that a decrease in specific hormone levels brings with it so many physical and mental complaints.

Other hormones display a decline similar to sex hormones, but science hasn’t yet established a reason for this. As hormones generally fulfil more than one role in the body, Richard Bribiescas – whom I mentioned in the previous chapter – believes that hormones may provide an evolutionary advantage besides their primary role.74 Many genes in which hormones are involved have remained well preserved for thousands of years – even in animal species without endocrine systems – and this suggests that these hormones fulfil more functions than we may realise. Think, for example, of the role of FSH, which acts as the catalyst of oestrogen production during an earlier stage, but may also be involved in the regulation of body temperature in older women.75 It’s possible that the relatively recent changes to our living conditions, such as greater food security and increasing obesity levels, will mean that these functions will disappear in the distant future.

Hara hachi bun me

Instead of supplementing hormonal deficits to restore them to the levels experienced during puberty, it would make more sense to ask ourselves how people can age in a healthy way.76 The simple answer is: by not eating too much and by embracing old age. We can actively influence how we age through our diet simply by only eating until we are 80 per cent full. We can use the population of the prefecture of Okinawa in southern Japan as an example. With their motto hara hachi bun me (‘eat until you are eight tenths full’), the residents of this region joke that eight of the ten mouthfuls serve the person, and the remaining two the doctor.77 With their low-calorie but extremely nutritious diet, they are residents of one of the world’s ‘blue zones’: places where life expectancy and health are strikingly higher than average.78 Besides lower concentrations of insulin, the people of Okinawa have more of the adrenal gland hormone DHEA – similar to testosterone – in their blood.79 This steroid hormone normally peaks in young adults, after which it drastically decreases, ending up at between 20 and 30 per cent of that value in western adults between the ages of seventy and eighty. This makes it a good marker of someone’s biological age. DHEA is also very active in our brain, where it fuels the nerve cells.80 Researchers investigating the link between DHEA and the health of the residents of Okinawa hoped that this might be a way to boost our health.81 Extra DHEA does not, however, halt hormonal ageing.82 Increasing the DHEA concentration in the blood by taking tablets therefore doesn’t, in itself, make you any healthier. It seems more likely that the levels of this hormone in these healthy Japanese people are so high because they move a lot and consume fewer calories: both stimulate the release of DHEA. It is therefore more an effect than a cause of healthy ageing.

The fact remains that there’s a lot going on in hormonal terms during this phase of life for elderly people in the west. Women become hairier, more wrinkly and more authoritative, whereas men become balder, gentler and somewhat gloomier. Although women and men become more similar as far as hormones are concerned, they remain different in many other regards. The main conclusion is: where lifestyle changes can’t help, some supplements can be used to alleviate the worst symptoms that come with old age. But we should exercise caution when considering medication, remembering that our endocrine system is complex and side effects are common.
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Old Age

The Beginning of the End

Once a year, Ludo comes to my surgery. At the age of 94, the widower is still full of life and spends half the year on one of the Spanish costas. Although he shuffles into my surgery with a slightly hunched back, it strikes me that he always seems younger and sprightlier than his age would suggest. He often makes a remark about how he likes to flirt with the ladies and how he hasn’t ‘lost his touch’. With his sumptuous grey hair, Ludo still looks extremely good and, above all, jovial; I’ve never once heard him complain. He has a slim, wiry build and, despite an arthritic hip, shoulders and knees, he gets up out of his chair with relative ease.

As he leaves, he cheerfully announces that the array of age-related diseases – an underactive thyroid, prediabetes and high blood pressure – won’t get the better of him and that ‘the glass is still half full’. Even after his recent cataract operation – ‘I can see like an eagle again’ – he has managed to continue living independently with just a bit of assistance. He doesn’t eat a lot and normally sticks to fish, vegetables and a small glass of wine. Ludo doesn’t feel old (‘Doctor, I feel about fifty’) and as a retired PE teacher he is used to plenty of exercise; this is something he kept up after retirement. In Spain, he swims in the sea every day and walks along the beach to the neighbouring village to do the shopping. The six-mile round trip, which he would have once been able to run in under an hour, takes him four to five hours. His optimistic outlook and his constitution (which he has managed to maintain his whole life through lots of exercise) make Ludo a healthy old man.

In this final chapter I will describe the role of hormones on mental and physical health during the last phase of life in elderly people. I will also discuss what we can do (sometimes even decades in advance) to grow old in the healthiest possible way.



What happens, in terms of hormones, from the age of eighty onwards? Three changes take place in the oldest senior citizens: they lose contact with their circadian rhythm as a result of worse sleep quality, which disrupts the production of hormones; the quality of their bones and muscles continues to decrease; and their sense of smell deteriorates. As people aged eighty and above experience loss of appetite and therefore eat less, they are also less fit in general. These factors mutually reinforce each other – a reduced appetite and lower intake of food in turn cause worse sleep and fewer hormones being released.

The first person to refer to the disruption of this hormonal balance in elderly people, before the Second World War, was the American physiologist Walter Cannon.1 He developed the theory of homeostasis, building on the findings of his French colleague Claude Bernard. Cannon claimed that a person’s physiological reserves, which can restore their physical equilibrium, decrease as the person ages. This results in poorer outcomes in the event of illness. This is why I often tell junior doctors that with an elderly patient, once the house of cards starts to wobble, things rarely end well. The limits have been reached.

It’s no different for their hormonal balance. As already mentioned, the 24-hour rhythm of our biological clock (also known as the circadian rhythm – circa means ‘around’, dies means ‘day’) is disrupted when our sleeping pattern changes, which also disrupts the release of hormones. The concentrations of hormones during the day have less-pronounced peaks and troughs (a lower pulsatility), similar to low and high tide. The elderly body responds to this by continually producing more hormones such as insulin or leptin, resulting in a type of resistance.2 It’s precisely the fluctuations between high and low concentrations that ensure the body functions properly, enabling it to respond flexibly during periods of illness. The loss of hormonal flexibility, which leads to slightly elevated cortisol levels, is a reliable predictor of dementia and premature death among elderly people.3,4

Another important hormonal change is that the sex hormones (notably testosterone) decrease even more at this age, which leads to a dramatic decline in muscle quality.5 The body also produces less vitamin D and the gut therefore absorbs less calcium, which means the production of parathyroid hormone (PTH) has to increase for sufficient calcium to be released from the bones for adequate blood levels. The result is osteoporosis. Decreasing sex hormones make the optic nerve and the ear work less effectively, causing our sight and hearing to deteriorate.6,7 The consequences can be disastrous for elderly people; as we are more prone to falls, we’re more likely to break bones, which are then less likely to heal properly.

Eternal life

Although we now know our hormones can do many things, there is one feature in particular that attracts a lot of interest: the opportunity to extend life.8 In 1939, the English scientist Aldous Huxley (yes, the author of Brave New World) wrote After Many a Summer,9 set in California (to where Huxley had just moved at the time), in which he ridicules the temptation to stay forever young. The main character, Jo Stoyte, is a millionaire who is scared to death of dying and therefore wants to live as long as possible. He decides to hire Dr Obispo to see what is scientifically possible. Obispo, inspired by the diaries of the Fifth Earl of Gonister, who had frantically attempted to find the secret to eternal life two hundred years earlier, suggests that the consumption of carp guts and their contents (i.e. a type of faecal transplantation) may have a beneficial effect. At the end of the book, Stoyte and Obispo visit the Fifth Earl of Gonister, who is still alive but now lives in a dungeon and resembles an ape. Jo Stoyte decides not to undergo the treatment after all. What’s interesting is that a few years before Huxley finished his novel, he studied carp to find out how they can live for so long (more than a hundred years, he believed).

The British gerontologist and bioinformatician Aubrey de Grey is the oft-quoted apostle of the ‘immortality gospel’, which is based on growth hormones. His interest in human immortality (and what we can learn about it from other animal species) is certainly nothing new – in fact, this fascination goes back hundreds of years. De Grey believes that, as in the Old Testament, we can live to a thousand as long as we ensure our organs have regular maintenance.10 This would involve the body’s cells being consistently replaced with stem cells. This is what his research has focused on for the past two decades, and one of the substances he puts his proverbial money on is the hormone melatonin.

One of the first accounts of the pursuit of eternal life dates back to around two and a half centuries before Christ. After watching the suffering and death of his best friend Enkidu, Gilgamesh, demigod and king of South Mesopotamia,11 decided to make the discovery of a rejuvenating elixir his life goal. Out of fear of suffering the same fate as his friend, he visited numerous sages to find out how he could prevent his own demise. One of his advisors was Utnapishtim – literally, ‘he who saw life’ – the heroic survivor of the oldest flood myth (similar to that of Noah) and himself immortal due to his relationship with the Goddess of Life.12 Utnapishtim told Gilgamesh that eternal life could be found at the bottom of the ocean.

Gilgamesh’s own pursuit failed, but his example has been widely followed. Around thirty years ago, the German biology student Christian Sommer made a chance discovery while researching plankton in seawater off the coast of northern Italy.13 Miniscule jellyfish were found in the water samples, but once they entered the laboratory these animals appeared to change form. Slowly but surely, they reverted back to their primary state, like butterflies becoming caterpillars again. The animal in question was Turritopsis dohrnii: the ‘immortal jellyfish’. This is still the only known species of animal that, after successfully developing into an ‘adult’, can revert back to its original state and subsequently resurrect itself as a healthy creature.14 This process takes place in response to physical or environmental stress. One of the internal triggers for the reverse life cycle of the jellyfish is reaching a certain age: old age. Three guesses for which actors hold sway here: hormones! Believe it or not, the rejuvenating hormones that regulate this process in jellyfish appear to be controlled by substances akin to our growth hormone.15

Everyone as old as Father Christmas?

Over the past fifty years, life expectancy in the Netherlands has increased by around 13 per cent, or almost ten years.16 The life expectancy for a baby born in 1970 was 70.9 for a boy and 76.5 for a girl, but by 2021 this had increased to 79.7 for men and 83 for women. In future, it is looking less likely that we will be able to speak of a population pyramid. More and more people are living longer, and not only in the Netherlands. It’s estimated that by 2050, there will be just as many over sixty-fives in the world as fifteen-year-olds. This is mainly thanks to the improved living conditions that are reducing the risk of death in our younger years. It doesn’t mean that people didn’t get old in the past, but the chance of getting old was smaller.17 With a record of one hundred and twenty two years of age, Homo sapiens are still a way off the awe-inspiring age of Methuselah, who is said in the Bible to have lived to nine hundred and sixty nine years old. Humans don’t fare well in life expectancy compared to related animals, like apes, which can live up to four times longer. While we have to make do with made-up stories about growing younger – like the film The Curious Case of Benjamin Button or Virginia Woolf’s novel Orlando, the life story of a young poet who changes from a man into a woman throughout his three-hundred-year life – this is the order of the day for the immortal jellyfish.

Research shows that humans can, however, add years to their life, and this understanding has consequences for our attitudes towards old age and death. Although most scientists and inhabitants of the earth see our demise as an unavoidable part of life,18 others (led by Aubrey de Grey) believe it must also be possible for humans to push back manifestations of ageing and thereby prolong life. In future, old age could fall under the list of ‘conditions’ we can treat. This different way of thinking has inspired researchers to seek the limits of our physiological possibilities in the way an elite athlete works towards a new personal best. With a growing population of older people, it’s important for the sustainability of a society that its oldest members become healthier. Health will enable them to live longer without relying on the support of the younger generations.

The opportunity to live for centuries, like Enoch and Methuselah in the Old Testament, is not yet within arm’s reach, but a better understanding of our hormones (among other things) could change this. In the previous chapter we saw that simple hormone supplementation isn’t the solution. But the more studies that are carried out and hypotheses tested, the more we’re seeing results gradually improving. Scientists are gaining a better understanding of what happens, on a hormonal level, as we age. It seems that in this phase a reorganisation takes place in the hormonal head office. And the chief conductor of all of this is hidden deep within the brain.

The hypothalamus as the clock of life

As far back as 1929, the American neurosurgeon Harvey Cushing said that the hypothalamus is where the source of our life is located.19 It’s fitting, therefore, that it’s located close to the pineal gland, which Descartes said was the seat of the soul.20 In the previous chapters, we have already encountered the hypothalamus a few times. It’s as small as a thumbnail but extremely influential. It acts like a type of traffic controller to ensure good hormonal health. It controls our behaviour for survival: it makes sure (via hunger, thirst and satiety stimuli) that we eat and drink enough so that we have enough energy for a ‘fight or flight’ response in the event of danger (preparing your body for action) and that we have sex in order to reproduce. The hypothalamus also controls our biological clock (circadian rhythm) and body temperature.

What’s striking is that the bodily functions that the hypothalamus controls often get disrupted in old age. This led scientists to wonder whether, in addition to the circadian rhythm, the hypothalamus also controls the timing of the phases of life, like a treasure chest full of life energy. It seemed that Cushing was right, because now, a good century after his hunch, researchers are presenting proof that the hypothalamus plays a prominent role in the initiation of the ageing process throughout the body.

The ‘jewels’ in the treasure chest (the ‘source’, according to Cushing) could well be our stem cells: special undifferentiated cells that can develop into almost any type of cell from which our body is made: skin, blood, muscle, brain. It’s been known for a long time that bone marrow contains stem cells, but research has now revealed that the hypothalamus also has a supply of them. These stem cells in the hypothalamus, at least in mice, appear to be the key to the cause of ageing, as stem cells are no longer found in the hypothalamus of two-year-old mice (the equivalent to a seventy- to eighty-year-old person). An additional dose can extend life expectancy by the equivalent of a good eleven human years.21

This is all to do with cell division. The cells in our body are renewed in an assembly line; a type of continuous maintenance activity whereby worn components are replaced. This is how the body keeps tissues healthy. Old, damaged cells are cleared away by the immune system, and healthy cells then divide to restore the cell’s power. The cells in some organs have to be replaced more quickly than others, but generally this process means that every seven to ten years, a large part of a person’s body (including all of their fat tissue) is replaced.22
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If you are young your cells are continually renewed, and this process becomes increasingly important as you age. Stem cells are found in organs throughout the entire body, including the skin, brain, liver, blood and, above all, bone marrow. They’re responsible for the renewal impulse and can, for example, cause a large part of a liver to regenerate. The supply may appear endless – a stem cell can also generate new stem cells – but it isn’t. That’s because even though the constant renewal of stem cells would be handy for age-related ailments, the maintenance team of stem cells also declines. And that could mean the beginning of the end of our existence.

Stem cells, hormones and the ageing process

As you age, the supply of stem cells decreases and the stem cells in the hypothalamus suffer the same fate. You might think that the lower the supply, the closer to the end you are, but the study with mice described above showed that supplementing stem cells keeps physical ageing at bay. What’s the connection with hormones? These stem cells are primarily found in the parts of the hypothalamus involved in producing the hormones that control our biological clock. This suggests that hormonal factors may influence ageing, and vice versa: ageing sets hormonal adjustments in motion too.

The same researchers investigated this theory in mice and determined that the tiny gland communicates the start of the ageing process to the body via so-called signalling molecules. These make the ‘life clock’ influence the biological rhythms of certain organs. We’re already familiar with one of these signalling molecules: GnRH, produced by the hypothalamus itself (see Chapter 1). The main function of this hormone is to stimulate your sex organs to produce sex hormones. A decreasing supply of stem cells corresponds with a lower production of GnRH, as this hormone dips as you age.23 Mice with elevated GnRH levels not only lost fewer brain cells and performed better cognitively, they also remained young in other regards, such as muscle strength, bone mass and connective tissue. The rejuvenating strategy in these mice also led to an increase in sex hormones, which could explain why we age more rapidly as soon as our fertility comes to an end.

GnRH is not the only signalling molecule produced by the hypothalamus. The stem cells themselves also produce signalling proteins that keep everything in balance; a smaller quantity of stem cells also results in fewer signalling proteins, causing your whole body to age.24 This can lead to the above-mentioned changes to the daily hormone levels.

Your biological age: healthy ageing

When we talk about age, we automatically think of someone’s calendar age: the time that has passed since they were born. But this number doesn’t always correspond with the biological age, which describes whether someone is ageing in a healthy way. Two people over the age of eighty could have a similar calendar age but differ drastically in terms of fitness (and therefore life expectancy).25 Using the slogan ‘Je echte leeftijd’ (‘Your real age’), TV advertisements, programmes and books familiarised the Dutch public with this concept a few years ago. People were invited to fill in a questionnaire on special websites to calculate the difference between their calendar age and biological age.26 Information about lifestyle (exercise, diet, smoking and drinking habits), stress and body weight was then used to produce a positive result – a lower biological age than calendar age – or a negative one. Participants were then provided with advice depending on the results. Although these factors can give an impression of health behaviour, this kind of questionnaire can’t precisely determine a person’s physical fitness.

So how should we establish someone’s biological age? We currently use measurable data like eye lens thickness and grip strength, which are a good reflection of someone’s biological age.27 The search for objective biological markers (biomarkers) that can be used to assess fitness is, however, not a straightforward one. Since the 1960s, scientists have been looking for pieces of the puzzle to use to determine a person’s biological age. As part of this they’ve investigated hormones like DHEA, which cropped up in the previous chapter in connection with the senior citizens of Okinawa in Japan, who remain remarkably fit as they age.28 This adrenal gland hormone, known as the ‘mother of all hormones’ because it can be converted into sex hormones in the body, has been the subject of great interest because researchers believed that higher concentrations in the blood could be associated with better health in older age. As we saw earlier, however, treatments using this hormone didn’t have favourable results.29,30

Searching for the land of Nod

In Chapter 3 I outlined the importance of sleep, diet and exercise in the hormonal health of adolescents. It’s not entirely coincidental that these factors also apply to the elderly in the last phase of life. In the hormonal traffic, rush hour takes place at night. During the deep, slow-wavelength sleep in particular, lots of growth hormone is released into the blood. Like adolescents, elderly people lack the good quality of sleep necessary for the regeneration and development of muscle and bone tissue. Their sleep is less efficient (shorter and more superficial) with fewer deep, slow-wave sleep phases.31 In older people, the neural pathway between the retina and the hypothalamus (the retinohypothalamic tract, which controls the release of melatonin in the pineal gland) functions less effectively, impacting the production and release of the sleep hormone melatonin.32,33 Incidentally, the same thing happens with blind people, who appear to be afflicted by a disrupted circadian rhythm throughout their lives because the neural pathway no longer functions.34

A large-scale Dutch sleep study carried out by Eus van Someren, a professor of neurophysiology at VU Amsterdam, revealed that older people are especially prone to insomnia: the inability to fall asleep.35 But if you want to make it to a hundred, research shows just how important it is to get at least eight hours’ sleep a night – an afternoon nap is certainly not the solution.36 Most elderly people don’t have such a favourable sleep pattern and, as with adolescents, a disrupted circadian rhythm directly affects the production of growth and stress hormones, which are already compromised. This ultimately results in elevated cholesterol and blood sugar levels, which diminishes the body’s ability to repair itself.

There is hope on the horizon, however, for elderly people who sleep badly: daily melatonin taken in the form of low-dosage tablets appears to have some effect.37 A healthy lifestyle is still much more effective than medication, though: don’t sit around too much, and get plenty of exercise outdoors and in the sunshine. Movement increases the production of melatonin and improves sleep quality.38 You’re also advised to avoid blue light from your phone the hour before you go to sleep and to move heavier meals to the afternoon.39,40 In other words, you can help yourself find the way to the land of Nod by embracing a healthy lifestyle.

Physical activity

Physical activity naturally stimulates the production and release of sleep hormones like melatonin,41 but has an even bigger effect on growth hormones. As you age, the levels of muscle-building (anabolic) hormones like testosterone and growth hormone decrease, yet physical activity can boost hormonal levels in the elderly. More muscle mass means less chance of falling and a more effective metabolism (as was the case with my patient Ludo). On average, an eighty-year-old man has already lost around half of the muscle mass he has built up over his lifetime.42,43 The greater the loss of muscle mass, the greater the chance of age-related disease and death.44 That’s why it becomes increasingly important to regularly do both endurance and strength training as you age.

A case like Ludo’s shows that sometimes calendar age says nothing about someone’s biological age.45 The same applies to the elderly people in the documentary Autumn Gold who train daily for the World Masters Athletics Championships.46 Despite the lower basic levels of testosterone and growth hormone with age, research shows that regular exercise increases growth hormone in men over the age of eighty. The effect of exercise has been less well-researched in women, but we can safely say that thirty minutes of physical activity a day is an effective way to counteract the loss of muscle and bone quality in older women too (supplemented with half an hour of brain exercise like solving a crossword puzzle).47

About people and their smell

The only thing Ludo complains about is that people tell him he doesn’t smell particularly pleasant after exercising. ‘Can you not do something about that, doctor?’

Smell gives us an indication of how healthy or ill a body is: our nose can make us aware of this. We certainly know someone who always smells of musk, while someone else often seems to be surrounded by an odour of rancid butter. But we also use our nose in the medical field on an almost daily basis. Every doctor knows the strong smell in the breath of a liver patient in the final stage of their disease. And they’re also familiar with the pungent odour that accompanies the start of a urinary tract infection or the sweet-smelling urine that doctors once used to establish the hormonal disease diabetes mellitus (without having a cure for it). I use my nose mainly in the foot wound clinic when I try to guess, on the basis of a sickly-sweet smell, which bacterial infection corresponds with a wound (of course a bacterial culture provides the definitive answer a few days later).

We’re fascinated with smells in our daily lives too. As far back as 200 BC, Aristotle tried to determine why our armpits sweat.48 His answer: because there is hardly any ventilation and cooling there. And why doesn’t our body smell when we eat something smelly? According to the Greek philosopher, as soon as you eat something that smells bad, its smell is replaced by your own smell!

Besides emitting odours via pheromones, we also emit them through our faeces, breath, urine, blood, saliva, vaginal fluids and, of course, our skin. In the skin, we have two types of glands that secrete fluids: exocrine glands secrete the watery sweat solution from the skin, and apocrine glands in the hair follicles secrete sebum, an oily substance that protects your skin from drying out. It’s usually the latter, in combination with skin bacteria and UV light, that give us a bad smell. While freshly produced skin oils (lipids) may still smell like sweet lemon, after contact with air and sunlight this pleasant smell changes to a cutting, musk-like odour. The amount of sebum secretion also differs between people of European and African origin and those of Asian origin. The apocrine sweat glands of African and European people produce a sticky type of sebum that results in a cheesy body odour, whereas Asian people don’t have this so-called ABCC11 transporter and therefore produce a dry, crumbly sebum.49 Our sex hormones also influence our sebum production.50

Our diet and our gut microbiome (see Chapter 6) determine what our faeces smell like. They can be sickly sweet or sour, if we’ve eaten lots of dairy products, and can smell like ammonia or sulphur if we have eaten lots of protein or cabbage. The question is whether food also influences the way our skin smells. The substances that are removed remain behind in our faeces, but also travel throughout our whole body and can produce pleasant or unpleasant smells there too. Research confirms this. In one study, the smell of breast-fed babies had a pleasant effect on mothers who had just given birth as well as those who had never had children. Brain scans clearly showed that the dopaminergic reward system in the adults was activated.51 Other research has shown that mothers with more cortisol (stress hormone) in their saliva – those who are therefore more ‘switched on’ – are better able to recognise the smell of their own baby and become calmer as a result.52 Speaking from experience, this also applies to men. When my son was in his hospital bed for months on end for his cancer treatment, I often sought comfort at home by sniffing his pyjamas, to shake off those feelings of stress.

TMAO (trimethylamine N-oxide) is one of the best-known odours from our faeces and can give us an indication of our health as adults. It smells like rotten fish and is released by proteins in our gut microbiome.53 The smell is an important indicator of cardiovascular disease and kidney damage. Faecal transplantation studies have shown that cresols (which smell likes a horse’s stable) can also be an indicator of these conditions, and that we ought to be aware if there’s a lower presence of butyric acid and acetic acid in our blood.54,55 This is because butyric acid and acetic acid have a beneficial effect on our food intake, energy balance and the immune system.56 We’re all familiar with the bad breath you get after a night out; this says a lot about your body’s metabolism at that moment. Medical technology is currently being developed based on a type of electronic ‘nose’ that picks up certain smells in exhaled air for the early detection of cancer, gastrointestinal disorders and lung disease.57

Let’s now return to Ludo and his concerns about his body odour. It is true that older people have a different body odour to younger people.58 Older Americans apparently smell like aromatic beeswax, whereas older Japanese people smell like cucumber.59 In both cases, younger people find the smell of old people less pleasant than their own smell, which is like butter.60 The Japanese refer to the body odour of older people as kareishu, which means something akin to ‘old man’s smell’, as Harold McGee describes in his book Nose Dive.61

I can hear you saying: Haven’t I already read something about that? And yes, these substances could very well be pheromones, which give us an indication of the age and intentions of a person before we have even spoken to them. This enables us to estimate someone’s age relatively reliably based on their body odour. And like pheromones, some body odours (produced by skin bacteria) send signals to our hypothalamus to control our production of hormones.62,63

None of this solves Ludo’s problem, but it does explain why he doesn’t smell great to the outside world. One positive, however, is that our sense of smell continuously declines as we age, so the older person themselves is less and less bothered by it.64

Digestion and appetite: compliments to the hormones

The effects of hormonal changes are also reflected in the eating habits of older people. Many people over the age of eighty start eating differently due to their age, but also to reduced fitness levels. While adolescents can stuff their faces and rarely feel full as they approach adulthood, older bodies generally release fewer hunger cues.65 Their appetite decreases and they snack less often too.66 Older people also crave certain foods less,67 which is probably related to changed levels of digestive hormones such as cholecystokinin (CCK) and the satiety hormone leptin.68,69 This, in combination with slightly altered ghrelin levels,70 means that older people become less interested in food.

The finding that digestive processes work differently in older people is a recent but important one because malnutrition is prevalent in this group. Another age-related ailment that contributes to this eating pattern is a dry mouth and a distorted sense of taste. In all cases, these processes are the result of hormonal changes.71

The complex process of digestion starts in the mouth, where food products are literally ‘prepared’ by the saliva. In Chapter 3, we discovered that saliva contains important hormones that enable you to taste whether someone could be the right partner for you. At an older age, you produce less saliva, which makes chewing and swallowing more difficult.72 Your taste itself is also controlled by hormones via receptors on the tongue – this is how leptin, for example, reduces cravings for sweet things.73

The combination of a dry mouth and an altered sense of taste due to changed digestive hormones therefore directly influences the quantity and quality of our food intake and our appetite. One of the best-known examples of this is the ‘changed sense of taste’ during pregnancy, when the expectant mother suddenly no longer enjoys her favourite foods (see Chapter 1). In older people too, a disrupted sense of taste is probably also an evolutionary adaptation mechanism that makes mammals instinctively choose food and drink containing nutrients suited to a specific life phase. So it may not be entirely surprising that young children aren’t so keen on grandma’s salty stews, whereas more salt for grandma increases her blood pressure, decreasing her risk of falling or fainting.74

Older people who (partially) lose their sense of taste can end up either underweight or overweight. If you eat less or a very limited range of foods because you can no longer taste certain flavours well, you’re at risk of losing weight. This applies especially to people over the age of eighty, who already have fewer reserves due to their age and are at greater risk of illness in the event of weight loss.75 Of course, the question that then arises is whether here, too, the hypothalamus can be the catalyst for maintaining a healthy weight in older people. This makes this hormonal head office an interesting target for anti-ageing strategies.

The hypothalamus appears to be involved in both the release of hormones by endocrine glands and the quality of bone and muscle mass, and the perception of taste and hunger.76 For that reason, scientists from all over the world believe it must be possible to reset the personal life clock of various organs via the hypothalamus, and even attempt to turn back the biological clock by transferring blood from young animals to old ones.77 Apparently the blood of young animals contains substances that counteract ageing. Unfortunately we don’t know yet which substances these are in humans. In the pursuit of an elixir of life, blood transfusions are therefore not seen as a real option. So much for the modern Dracula myth!

The big clean-up

Why wouldn’t anyone who can afford it want to invest money into research regarding eternal youth? For the Amazon billionaire Jeff Bezos, it has never been in question. He invested millions of dollars in a start-up company called Unity Biotechnology, which develops medicines designed to counter ageing.78 This decision has likely either financially motivated or a result of his eternal competition with the founders of Google, who established Calico – a company with the same objective – in 2013.79 But in view of Bezos’s recent escapades in space, it may well be the case that he wants to contribute to his own immortality.80 If we want to turn back our universal biological clock, like the immortal jellyfish, it seems sensible not only to boost our hormone levels, but also to counteract the natural demise of stem cells.

One of the physical processes that causes the supply of stem cells to rapidly decrease is the formation of so-called zombie cells. Here, we need to return to cell division, which cannot continue indefinitely. There is a limit to the number of cell divisions that can take place before our DNA is damaged. The chromosomes of our DNA have protective ends – telomeres – that become slightly shorter with each division. From the moment that these telomeres become too short to permit another cell division without important DNA information being lost, a cell finds itself in a type of zombie mode: division is no longer possible, but ‘self-destruction’ is not an option either.81

These zombie cells are our old-age cells. They’re found throughout our entire body and appear in all tissues sooner or later. They make our skin wrinkle and our organs less fit. And however inactive the word ‘zombie’ may sound, these cells unfortunately remain very active in one field: inflammation. The more these cells accumulate, the more readily our body responds with a chronic inflammatory reaction, including in the hypothalamus.82 Stem cells are very sensitive to this inflammatory environment, causing them to rapidly decrease in number. Recovery of the organ becomes impossible and we noticeably decline.

Experiments into the field of extending human life are being carried out using medicines that selectively clean up the zombie cells. This is a bit like a big spring clean. These experimental drugs are called senolytics, which literally means ‘dismantling of ageing’. One of the pioneers in this field is the Dutch cell biologist Jan van Deursen, who, together with his American research team, gave a senolytic drug to mice for the first time in 2011.83 This drug relieved the animals of their old-age cells and the associated ailments by reducing the number of zombie cells by around 30 per cent. As a nice side effect, the bone quality and hormonal balance of these lucky mice also increased. The treatment is based on a previous experiment that had the same cleaning-up effect in fat cells.84 It emerged that there’s one specific messenger that influences our metabolism as well as our life expectancy: human growth hormone. We already know from the events in puberty that our growth hormone is crucial to our metabolism and the storage of fat. But the hormone is also increasingly being associated with a longer, and above all healthier, life expectancy.

These results made Aubrey de Grey wonder whether hormonal interventions held the key to eternal life.85 But some individuals – like the American real estate millionaire Darren Moore – don’t want to sit around waiting for the results of the companies associated with Amazon and Google, so have instead decided to offer themselves up as human guinea pigs. Moore is injecting himself with FOX01, the substance that may be responsible for immortality in the eponymous jellyfish, and he takes senolytic drugs on a daily basis.86 He hopes that the ageing process will grind to a halt or, better still, that his biological age will decrease.

It’s worth stressing that scientists like Van Deursen warn us not to look at the current situation through rose-tinted glasses.87 Senolytics may seem promising when it comes to keeping our hormone levels in check, but so far they have mainly been tested on mice; they’ve not yet been proven to be effective in humans too. Prematurely giving people senolytics could lead to health problems.

As yet there’s no hormonal miracle pill to prevent our dreaded cellular decline, but as long as there’s life there’s hope. And under the motto ‘prevention is better than cure’, there may be another way of using hormones to counteract ageing.

The first immortal woman

Henrietta Lacks was born in the US state of Virginia in 1920, where she spent her life as a tobacco worker. At the age of thirty-one she went to the Johns Hopkins Hospital in Baltimore complaining of severe stomach pain. There she was diagnosed with metastatic cervical cancer, from which she died a short while later. But Henrietta Lacks is technically still alive today, and not only in the book by Rebecca Skloot.88

Without Lacks realising it, her doctors removed tumour cells during her stay in the hospital for the purpose of research into possible treatments – something that would not be permitted under today’s regulations on medical ethics. Human material often has a limited life, but Henrietta’s cells, now better known as HeLa cells, survived for an exceptionally long time. In fact, they simply wouldn’t die. The miraculous immortality of her cells enabled medical research to be carried out on a huge scale. I was involved with such research myself in the laboratory in San Diego; the cells really grow like crazy! Research into these cells has led to significant breakthroughs in medicine, including an effective vaccine for polio and knowledge about diseases like AIDS and some types of cancer. Tens of thousands of patents have since been linked to the cells, of which there are now so many that their weight is greater than a good hundred Empire State Buildings put together. Unsurprisingly, Henrietta’s family started a court case against the company that earned millions from the HeLa cells as well as the hospitals that use the cells in their labs for research.89

The reason why the HeLa cells were immortal remained a mystery for a long time, until a trio of scientists discovered the enzyme telomerase in 1984. This discovery, for which Elizabeth Blackburn, Carol Greider and Jack Szostak received the Nobel Prize for Physiology or Medicine in 2009,90 proved vitally important. Telomerase is a protein found naturally in our stem cells and ensures the extension of a person’s telomeres, thereby preventing zombie mode and enabling the cell to survive for longer. If the protein remains active, as was the case with Henrietta, the cell can even survive indefinitely. In her case, there was a mutation in the genetic code which also stimulated the non-stem cells to start making telomerase. This led to uncontrolled growth of tissue and the formation of tumours and cancer. Henrietta died of this disease, but at the same time this genetic deviation gave her cells eternal life.

This makes telomerase extremely interesting when it comes to the pursuit of a longer life.91 Our telomeres become shorter as we age and shortened telomeres are associated with the start of age-related diseases like cardiovascular disease, cancer and diabetes as well as reduced muscle strength.92 If we can find a way to control the activity of telomerase – for example, by turning its production on and off – we may be able to rejuvenate our cells. Compliments to the miracle substance that manages that, I hear you say. The good news is that these substances have already been discovered: hormones. While cortisol and chronic stress make the telomeres shrink,93 a higher level of growth hormone in the blood causes an increased length of the telomere.94 Exercise and sleep therefore help indirectly too. And then there’s the effect of nutrition.

Quid pro quo

Consume grapes and the red wine derived from them, green tea, and hard-to-pronounce food supplements which can absorb oxygen free radicals in our bodies: this is some of the recent nutritional advice for a longer, healthier life. A number of years ago, the book The Food Hourglass by the Belgian doctor and researcher Kris Verburgh drew attention to the influence of our eating habits on the ageing process.95 In it, Verburgh calls for a new scientific discipline: nutrigerontology, which is a cross between geriatrics and nutrition. He is not the first doctor to recognise the importance of a healthy diet on long-term health, but he is one of the first to partially blame our sugar metabolism for the fact we aren’t living as long.

According to him, the chief culprits here are the high-calorie sugars like fructose, which are prevalent in our diet and age our bodies. Scientific proof of this is not always clear,96 but recent research shows that the hormonal mechanisms activated to digest sugars not only shorten our life expectancy but also increase the number of years we spend in worse health. In laboratory animals, for example, fructose is well-known to impede a longer life.97 In people too, a diet containing less fructose appears to be important for a healthy old age,98 as fructose shortens our telomeres.99 This highly calorific sugar appears, in turn, to directly affect the hormone-regulating functions in laboratory animals via the substance FOX01.100 Poor nutrition and a lack of exercise reduces this protein in the organs, whereas good nutrition and more exercise increases it.101,102 This is exactly the same FOX01 mechanism the jellyfish uses to activate its immortality trick.103



Living up to eleven years longer because healthy (sugar-free) nutrition leads to more growth hormone and a well-adjusted hypothalamus; a 40 per cent increase in life expectancy by taking certain anti-ageing pills (senolytics): these are significant figures. But if you think that’s an impressive example of hormonal power, there’s news: it gets even better!

Just before the turn of the century, Nature published the findings of American researchers who had discovered that a worm that hadn’t reproduced lived longer than its conspecifics who already had offspring.104 This mechanism again took place via the growth hormone axis. And the same also appears to apply to humans – although mainly to mothers,105 probably due to all the energy expended and the physical toll a pregnancy can take on a mother’s body.106 Fathers, on the other hand, reach an older age after having daughters (strikingly, having sons doesn’t make a difference). The reason for this is unknown, but it’s possible that a stereotypical upbringing and the division of roles between men and women, and associated chronic stress levels, play a part.107 There aren’t many young people who would exchange their potential offspring for a longer life. For most people, that’s too high a price to pay. Nevertheless, the most reliable way to increase your life expectancy is by not bearing children and avoiding sugar.108 Studies show that worms with this lifestyle lived up to six times as long, for up to 124 days as opposed to twenty. With this experiment too, researchers are cautiously optimistic about discovering similar mechanisms in people.

What can you do yourself?

The only question left is: beyond all the promises of medical advances for the future, what can we actually do to age in a healthy way? The answer is easier than you might think: how old you feel says something about how healthy you feel.109 While this may be difficult to measure in the consulting room, older people who have a positive attitude and/or are people of faith, are often healthier and actually live a number of years longer.110,111

Research shows that positive people over the age of eighty-five live a good 10 to 15 per cent longer than their more negatively inclined peers. Gloominess and a poor memory in old age are associated with low concentrations of male and female sex hormones.112,113 But (as you will have already guessed) treatment using sex hormones doesn’t suddenly make gloominess and depression disappear.114,115

If pills aren’t the solution, what can you do? Write down what you’re happy about and grateful for each day and repeat this out loud several times (positive affirmation), spend time exclusively with positive people and have a goal in life (varying from spiritual experiences to living with and for the grandchildren). This will stand you in good stead. A study has shown that mindfulness could also help slow down the ageing process.116 In short, there aren’t yet any pills that extend our life, but there is increasing hope for the modern and positively minded Gilgamesh.

So here are your doctor’s orders to maintain your hormonal balance as early as possible in life by eating healthily and getting enough exercise. You should also keep your circadian rhythm on track. There is certainly some truth to the old Dutch saying, ‘What you learn in youth, you learn for life.’


Epilogue

I hope I’ve been able to convey my fascination with our endocrine system through this book. Over the past century, a great many mysteries have been unravelled about the interaction between hormones and society, as demonstrated in the story of the female pope Joan. Research into endocrine glands and the treatment of endocrine disorders is still far from complete, however, and that is frustrating for a doctor.

It might seem like we can easily detect and treat endocrine disorders, but we’re still in the dark about a lot of things. We can’t accurately chart the release of hormones from a gland in healthy people, let alone in a sick endocrine gland in the event of deviations. As practitioners and patients, we have to make do with a blood test to judge the status of an endocrine gland, and this is only ever a snapshot. If we then start treatment, the process is not all that different to how it would have been half a century ago. Since we can manufacture hormones synthetically, we give our patients medications that they have to take or inject on a daily basis. And although these treatments often result in balanced hormone levels, we can’t replicate the ingenious way in which a gland in our body releases hormones.1 Basically, it’s still a rather crude form of treatment and that’s probably also the reason why so many patients still have complaints.

I have high expectations of the treatments for diabetes patients, whereby insulin and glucagon are injected into the body by means of a small pump. The most recent version of these insulin pumps has a sensor that can directly measure the effect on blood glucose levels. As the sensor has a self-learning algorithm, this type of insulin pump increasingly becomes part of the patient’s body and better imitates the function of a pancreas. In this way, this piece of equipment can predict how much insulin the body needs to keep the blood sugar level as normal as possible.2 Of course, this is much better than having to inject yourself with insulin four times a day. How great would it be if there was also smart equipment like this for people with an underactive thyroid gland or a defective adrenal gland, or for the production of growth hormone? Fortunately, a recent paper showed that there is a possibility of measuring daily fluctuations in adrenal gland hormones over time with a sensor.3 This is a promising first step.

However, in my opinion, there’s still a lot to be done in the coming decade. It’s still difficult to establish how endocrine disorders actually come about and what the connection is between genetic factors, the environment and gut bacteria – let alone having a reliable test that can identify exactly who in our society is at risk of developing a certain disease. We want to be able to offer these people a treatment that can slow down the progression of their disease or, better still, combat it. Only time will tell whether that succeeds – it will, in any case, be very exciting.

Writing this book has been a process of blood, sweat and tears. I underestimated how long it would take to get my thoughts down on paper. This was especially difficult because, as scientists, we are trained to report our research findings in a concise way, but I had to do the opposite here and learn how to get my message across as a narrative. It was an informative process, especially because I kept arriving at the sobering conclusion that we actually know so little about the cause of our diseases.

We live in harmony with the world around us. It’s fascinating to see that people in ancient times already knew this and felt inspired to find new treatment methods to alleviate the suffering experienced by their peers. In the oath that doctors take, they have to say: ‘I shall promote the medical knowledge of myself and others.’4 I hope this book has contributed to that.
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