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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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2 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.
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