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Chapter 1

What Is Testosterone Deficiency? (And Why Should You Care?)

Testosterone is different

Before I go into the science of what testosterone actually is, and why understanding this is relevant to you, it is probably worth highlighting the fact that testosterone is unlike any other hormone. We’re all aware of the word ‘testosterone’, and most of us have some idea of what testosterone does to the body. At its core, testosterone is the evolutionary substance that makes something become masculine. Therefore, because testosterone is the ‘male hormone’, it has become synonymous with what it means to be male. This has translated into our common lexicon so that testosterone is no longer just a descriptive noun but a loaded word to describe everything that is stereotypically male; synonymous with strength, and, at times, aggression. Phrases like ‘he’s bursting with testosterone’, or ‘he attacked with a testosterone-fuelled rage’ abound. Simply no other hormone has made it into everyday language in quite the same way. You’d never hear someone saying, ‘he’s just bursting with insulin’, for instance. You’d also never come across non-politically correct men ogling an exceptionally feminine-looking woman and saying, ‘Phwoar, she looks like she’s full of oestrogen!’

Testosterone equates to muscles, virility, power, strength, and youth. No matter your age or level of athleticism, testosterone has become imbued with an ‘elixir of life’ aura, meaning that every man wants more, whether they actually need it or not. In reality, the stereotyped assumption that testosterone makes us look more manly is not wrong, per se, it’s just that, in most cases – health professionals included – that is where our understanding of this hormone stops. But, we now know that testosterone is critical to both our physical and mental health; to longevity, and to our quality of life, rather than merely being a contributor to a six-pack and a raging libido.

The public’s understanding of testosterone’s impact on masculinity and male development has been seized upon by advertising brands to convince us that, no matter how much testosterone you have, you need more. In fact, supplement companies spend millions of dollars every year in an effort to convince men that we probably don’t have enough testosterone, and that we must go to great lengths to boost or add to what we naturally produce. From a marketing perspective, testosterone is the ultimate product, because no matter how healthy you are, you can always do with a bit extra. Unfortunately, it’s just not that simple.

The evolutionary effects of testosterone

You might think of yourself as an autonomous human being; in control of your own destiny; free to make plans and plot out your life as you see fit. I’m afraid to say that you’re wrong. From an evolutionary perspective, each of us is more like a complex transport vessel that has been carefully crafted together over millions of years to ensure that we pass on our DNA and genetic material to the next generation and keep our species alive. Once we hit puberty, sex hormones distort free will, and, whether we like it or not, our subconscious drives us to do things that make us a more attractive mate.

Thanks to our hormones, you might find yourself compelled to speak to people your subconscious tells you you’re attracted to, and you will do any number of stupid or embarrassing things in an attempt to improve your chances of fathering a child. Of course, ensuring the evolutionary success of your DNA is the last thing you’re thinking about when you’re in the middle of making a fool of yourself by asking the girl out who works in the sandwich shop you’ve been going to daily for the last three months, only to realise that she already has a boyfriend. In the moment, you’re just focused on hoping the ground will swallow you up while waiting for them to make you the stupid sandwich before you can leave. Enough about my crippling dating history, though.

Evolution does not care about the finer philosophical aspects of life: our primary reason for existing is to pass on our genes to the next generation and make sure they live long enough that they can do the same. As much as it hurts, everything else is just filler, and testosterone has a massive part to play in this misdirection.

We are continuously and subtly driven to make life choices that ensure our species survives, and we do it without having any conscious awareness of this fact. During a module on reproductive biology at university, I remember a lecturer telling us this unshakeable truth about our genetic purpose. A few of my fellow students got rather upset at the idea that they were being manipulated by their own brains. Key questions like, ‘What if you’re gay?’, ‘What if you have no interest in sex?’, and even, ‘Not everyone wants children!’ were posited to disprove the theory. All of these arguments are valid, but they missed the fundamental principle that applies to population statistics: there will always be natural and normal variations within a large group, but the fact remains that a majority of men will want to have sex with women, and vice versa, and the majority of heterosexual couples will want to have children. None of the alternatives are wrong, of course, but the majority ensures the continuation of the species.

From an evolutionary perspective, humans are essentially split into two anatomical sexes, though cultural or societal perspectives are clearly far more nuanced, and less easy to define. The following paragraphs are not a commentary or statement on the existence or rights of transgender people, or any other LGBTQ+ identity, and refers only to the evolutionary profile of mammals and how this relates to the role of our sex hormones.

Less developed lifeforms may be ‘unisexual’, and certain insects, plants, and even animals, can reproduce asexually without the need for a partner. But mammals, and in particular humans, are too complex an organism to simply divide in two and carry on. Therefore, we have specifically split into either female or male genders to force us to mix our genes by having sex, and creating new genetic offspring. Mixing our DNA might sound like an odd thing to strive for, especially if you consider yourself a particularly fine specimen of human genetics, but it is only by the mixing of genes that evolution can occur, enabling a species to move forward. If mammals could self-replicate (and I am sure many teenage boys have probably given it a good go), this would lead to a rapid increase in the risk of disease, evolutionary stagnation, and a quick end to the human race.

As noted above, until puberty, one could argue that, although limited, our thoughts are our own. But once the effects of oestrogen in women, and testosterone in men, become dominant, our lives irreversibly change. Genetically, it is the action of our sex hormones that makes us strive to further our species. In men, and to a lesser extent in women too, testosterone is the puppet master that shapes our everyday thoughts and feelings, and it does so without us even knowing. Without testosterone, we would lose our evolutionary focus, and humans would die out in a generation.

Biology − not as boring as it was at school

In male mammals, including humans, testosterone is produced in the testicles (or testes). It then gets released into the blood stream, where it exerts its effects on any cell in the body that happens to have an androgen receptor. As we will see later on, this is actually most of our organs, including our brain. But, before we even start to consider what testosterone does to a growing child, we need to go back to what happens in the womb, because interestingly, men produce testosterone before they are even born.

Humans have 46 chromosomes, with two sex chromosomes: X for women, and Y for men. Two X chromosomes makes you female, and an X and Y chromosome makes you male. A healthy male embryo will contain an XY pair of chromosomes, and once this is determined, it will then start to trigger the production of testosterone in the womb.

In a healthy pregnancy, the sex of a foetus can’t be detected until around seven to nine weeks of gestation. Around this time, in male foetuses, the Y chromosome triggers the development of testicles in the male, which then go on to produce testosterone. So, a baby boy is already producing testosterone in its first trimester, and this peaks between 10 and 15 weeks of life. The testosterone levels then reduce by the third trimester and remain low until after birth. This is worth noting because there is much discourse taking place currently as to whether endocrine-disrupting chemicals (EDCs) – by which we mean things like pesticides, water contaminates, or microplastics that we are consuming – could adversely affect the normal testosterone produced to allow a child to develop normally. The answer to this question is: maybe.[1] The theory makes sense; small particles containing either oestrogen-based products, or other chemicals that disrupt our normal hormonal pathways, are ingested at a frequent and microscopic level so as to harm a child’s development. The problem is that the clinical evidence is mixed, and there is no clear answer as to whether this is correct or not. Could you imagine trying to set up a clinical trial for this situation: ‘Let’s get a thousand pregnant women and see if eating certain particles will harm their baby?’ Unsurprisingly, no ethics boards seem to be going for this one. So in practice, studies are generally observational; we look at the outcomes and then try and work out the cause. It is safe to say that, at this point, we know there are lots of things a mother to be can do to minimise risk to foetus, but there is still a lot of work needed to really understand how EDCs might affect a growing baby.

In the womb, the Y chromosome and testosterone make a baby a male. Once a child is born, although there may be small amounts of testosterone produced, it is in puberty that we start to see the secondary effects of testosterone become apparent.

Boys II Men

I didn’t start to put on any real muscle until I was 17, and for me, puberty didn’t really begin until I was around 13 or 14. I went to a private school in Newcastle-Under-Lyme in Staffordshire, England, in the 1980s and 1990s, which meant it had an obsession with every boy learning to play rugby. Therefore, from the age of 11, with no training, no understanding of the rules, and no skill, all boys were immediately pushed into full-contact rugby union. This meant scrums, mauls, rucks, loss of teeth, and a lot of sweat, blood, and tears (though these weren’t necessarily evenly distributed throughout the group).

School rugby was the ultimate reward for those who started puberty early, and was the supreme demonstrator of the effects of testosterone on the male adolescent physique. During bitterly cold winter mornings, where we were not allowed to wear tracksuits or gloves, I vividly recall my time as a very pre-pubescent 13-year-old being thrown into some sweaty scrum or maul, where some of the other kids in the pack were already over six feet, had beards and moustaches, and for all intents and purposes appeared to have driven themselves to the match after dropping their own kids off at nursery. The disparity was so stark that it felt as if it was literally the men vs the boys.

Despite my sports teacher screaming at me that success was all down to technique, no amount of good skill was ever going to allow me to catch, tackle, and drop someone a foot taller with at least 20 kilos or more of pure muscle. And the aggression! I just could not compete with the pure drive and motivation of those kids who had boils and pimples on their faces and smelt like my gym kit does now after a week languishing in my laundry basket. The pure physicality was unmatchable. The difference was not just their height, but the way the body changes under the influence of testosterone, with bones getting thicker, and muscles and tendons developing a new raw size and power.

Therefore, my sole winning tactic, pre-puberty, was that if I got the ball, I would run so hard it felt as if my life depended on it. In some ways, it probably did, because if one of those hormonal monstrosities caught me, I could potentially die under their crushing weight alone, or as a result of asphyxiation caused by the stench of their over-sprayed Lynx Africa.

This example, while a little over-exaggerated, and perhaps providing too much information into the psychological challenges of my childhood, beautifully demonstrates what testosterone does to the human body.

Before puberty, except for our external genitalia, boys and girls look pretty much the same. Between the ages of 10 and 15 in boys, and a little earlier in girls, our genes switch on our respective sex hormones: oestrogen in girls and testosterone in boys. What follows are the final stages of growth and development that lead to humans reaching full maturity. Essentially, testosterone’s function for boys during puberty is to turn an infertile, ambisexual child into a fully developed adult, able to fight, defend the tribe, and of course, procreate – although just because one can physiologically father a child by the age of 15 does not in any way mean that that one ought to.

What does testosterone actually do?

Testosterone is a hormone. A hormone is simply a chemical messenger that travels through the blood stream and then binds to any organ or cell it has a receptor to, either switching on or off a specific chemical process. Generally, hormones are designed to help regulate and coordinate bodily functions. For example, to stay healthy, we need to keep our blood sugars in a specific range, so if you were to eat a packet of Haribo sweets, your body would release the hormone insulin, to keep your sugar levels from going too high and causing damage to your body. In type 1 diabetes, where your body stops producing enough insulin to keep your blood sugars in a healthy range, you get sick very quickly. Patients complain of an insatiable thirst, they urinate excessively, develop abdominal pain, lose muscle and fat stores, and this can eventually lead to a change in the body’s pH, resulting in coma and even death. Thankfully, we now have insulin injections, which have saved the lives of millions of diabetics like myself.

Unlike insulin, which is primarily a hormone designed to regulate blood glucose and metabolism, testosterone is dual purpose: it is both androgenic and anabolic. Anabolic means promoting metabolism and the synthesis of proteins (like muscles and bone), and androgenic means making something masculine. We are all familiar with the androgenic effects of testosterone as illustrated by what happens in puberty, but it is the anabolic effects of this hormone that make testosterone so important throughout every stage of our lives. The table opposite illustrates the external and visible effects of testosterone on our bodies in puberty and beyond.[2]




	
Table 1. The external changes associated with the effects of testosterone





	
Skin – increased oily skin and changes in skin consistency – ever noticed that a man’s skin looks and appears different to a woman’s?





	
Hair – the development of body and facial hair, as well as changes to sebum and hair quality.





	
Height – testosterone stimulates bone growth and also fusion and closure of the bone growth plates.





	
Muscle mass – testosterone stimulates skeletal muscle tissue to grow.





	
Cartilage – the larynx (voice box) grows under the influence of testosterone to produce the characteristically deeper male voice.





	
Masculinisation of facial features – this includes squaring of the jaw, facial shape, and changes to other features like hairline.





	
Changes in fat distribution – more abdominal fat and less fat focused around the hips and thighs.





	
Enlargement of the genitals – the impact of testosterone causes the testicles and penis to enlarge to give the ability to have sex.







Most of us are familiar with how testosterone affects our appearance, but it is what testosterone does under the surface that is so much more interesting. It is these hidden effects of testosterone that continue to influence our health and wellness throughout our lives, and which have become the focus of interest of many in the field of longevity. Some of the more common, indirect effects of testosterone are listed overleaf.[3]




	
Table 2. The hidden effects of testosterone





	
Brain function – testosterone stimulates aggression, aids cognition, memory, and feelings. You also need it to help produce drive and motivation.





	
Kidneys – testosterone promotes the process of erythropoiesis (the making of blood). More testosterone will increase your red blood cell count, which has obvious advantages in terms of exercise, organ function, and metabolism.





	
Heart – testosterone affects cardiac output and coronary artery and peripheral blood flow.





	
Bones – in addition to bone length, testosterone also affects bone growth and density, reducing bone thinning and osteoporosis.





	
Fertility – although testosterone is needed for sexual desire, it is also required for appropriate fertility levels in men.







How does any of this apply to you?

Puberty can take up to five years for boys to reach physical maturation, and even after this time, many young men take several years for their hormone levels to settle, with acne, changes in body shape and emotional maturity continuing on into the early 20s (or in the latter case, at times, even longer, knowing some of my surgical colleagues). After puberty, male testosterone levels remain relatively high until the age of 30, when they then start to decline by around 1 per cent per year,[4] but this is a generalisation.

The big question, and the reason why testosterone is now becoming of increasing interest, is whether you actually still need this hormone once you’ve gone past your hormonal peak, and possibly fathered a child. For decades, the main scientific interest in testosterone revolved around its effects on younger people; specifically, puberty and fertility. More recently, though, we have seen that testosterone has a sustained impact on our health as we age, and there are now challenges to the idea that you no longer require this important part of hormonal physiology once you hit 30.

In many ways, the idea that we still need testosterone as we age is not surprising. After all, as illustrated by what testosterone does to our bodies during puberty, it clearly has far-reaching effects on a range of systems in our bodies. There are doctors and academics who feel that the import­ance of testosterone in older men is misplaced, and that by challenging this we are medicalising normal ageing, but not so long ago, a similar rhetoric was expressed in relation to menopause and HRT.

As doctors, we have been aware of the impact that removing testosterone from older men has had on their health for some time, and a really good example of this is seen in men who are on anti-testosterone treatment as part of their prostate-cancer therapy. Because the prostate is a highly testosterone-sensitive organ, in some men with prostate cancer, we actually give them injections of hormone blockers to induce a kind of male-menopausal state, and hopefully shrink the prostate. Many of these men suffer terrible symptoms, which can include night sweats, loss of libido, erectile dysfunction, loss of muscle mass, brain fog, fatigue, and irritability, along with various other highly unpleasant side effects that can really impact on quality of life and other health outcomes.

Testosterone contributes towards our drive, energy, metabolism, brain health, skeletal and heart health, and we now also know that low testosterone in men leads to a range of significant health problems ranging from milder symptoms of fatigue and grumpiness, to an increased risk of heart attack, brittle bone disease (osteoporosis), and even death.[5] One of the biggest challenges to face global healthcare in the coming decades is frailty. Frailty refers to a person’s mental and physical resilience, or, in practical terms, how much reserve there is, and the ability to bounce back and recover after injuries or illnesses. Low testosterone is associated with a drop in muscle mass, increased bone fragility, and cognitive decline, so is a likely major contributor to frailty. In summary, we need testosterone throughout the entirety of our lives if we are going to make the most of it, so what you do with your health now determines the quality of life you will have in the future.

Testosterone deficiency

As with most things in the human body, it makes sense that something could go wrong, and keeping your testosterone production in tip-top shape is no different. Your testicles are surprisingly sensitive to lots of things, but broadly, there are three things that cause a reduced testosterone level: you don’t produce enough of the hormone from your testicles, your brain stops telling your testicles to produce testosterone, or other factors such as lifestyle and ageing decrease the overall efficiency of the whole system. The causes of low testosterone are discussed in more detail in chapter 2, but the overarching term for a reduction in testosterone is known as testosterone deficiency (TD).

Testosterone deficiency is formally defined by the Endocrine Society as a ‘Clinical syndrome complex that comprises symptoms and signs as well as biochemical evidence of testosterone deficiency.’[6] But for anyone who does not hold a degree in physiology, this definition is not particularly helpful. In practice, TD is simply a medical condition where you are unable to produce enough testosterone to keep your body functioning properly. Currently, almost all guidelines state you need both symptoms of TD as well as a low testosterone level confirmed on a blood test. There are numerous complexities around defining what numbers or symptoms are actually required for you to be medically diagnosed as having low testosterone, which we’ll get into shortly, but essentially, this current definition is in constant flux and dispute, with new evidence demonstrating the benefits of treating men with varying levels of testosterone coming out all the time. Furthermore, the potential for testosterone to have an impact on our long-term health is of great interest to longevity researchers, who see the potential in using testosterone to reduce the impact of ageing. This area of interest does not meet the medically agreed definition of what it is to be deficient, currently, and more research is required.

While you may not have heard of testosterone deficiency, you are likely to have heard of other phrases for it, such as ‘andropause’, ‘manopause’, or even the ‘male menopause’. These terms have been the media’s attempts to try to compartmentalise testosterone deficiency and simplify the condition to help the general public to better understand what it is. While this comparison with the more well-known female menopause can to some extent be helpful, because menopause is better understood by the general public than TD, these terms have also been used to trivialise the condition. Even among healthcare professionals, our lack of understanding of TD is so prevalent that the NHS website has TD labelled as ‘The Male Menopause’.

During the Covid pandemic, I was asked to go on a well-known morning television programme to discuss TD and its impact on men. I also had a patient with me who was there to describe his patient journey and how treatment of his condition had changed his life for the better. I perhaps naively expected that this television appearance would be a pleasant discussion around this growing hormone problem in men. Instead, it turned out to be a rather odd experience, characterised by the first few minutes of the interview with the hosts asking me, ‘So, is it manopause, andropause, male menopause? And is it even a real thing?’ I felt that there was a real abrasiveness around the interview that made it feel as if the existence of the condition itself was up for debate. Could you imagine the same thing happening to a doctor specialising in the menopause? For men suffering with TD, the condition is very real indeed, and for it to be trivialised by some in the media, or even by other doctors, has only made wider understanding and obtaining treatment for men more difficult. But while you may feel access to TD services are lacking, or maybe you’re the only one fighting against a system that does not understand your symptoms or condition, please know that you are not alone.

The global prevalence of TD in adults ranges from 10 to 40 per cent,[7] but this figure is highly misleading for several reasons. Firstly, what does 10 to 40 per cent actually mean? Doctors don’t always agree on what the definition of TD should be, which means we are all looking to define something different. The Endocrine Society states that approximately 35 per cent of men older than 45 years of age have TD,[8] whereas one of the biggest ever studies looking at the impact of low testosterone in men, the Massachusetts Male Aging Study,[9] suggested that up to 12.3 per cent of middle-aged men suffer with TD. This was a good-quality study and has been used as a benchmark for many doctors when quoting the prevalence of TD in the general population. Still, this study was completed in 2004, with evidence taken from several years prior. Therefore, despite being a crucial study, it is now more than 20 years out of date and we are still quoting this. Since the Massachusetts Male Aging Study was published we have had further studies being released that show nearly half of men with type 2 diabetes also have low testosterone,[10] which massively increases the number of men suffering with TD. We also know that testosterone levels have continued to drop in the last decade,[11] which means that, in reality, we are seeing more and more men coming through with a diagnosis of having low testosterone.

Whatever the true prevalence figure, evidence suggests that TD is massively undertreated, with only about 5 per cent of men suffering with it receiving testosterone replacement therapy.[12] This is crazy. It means that there are literally thousands of men walking around feeling terrible, fatigued, unhappy, with no sex drive, and may believe or find themselves being told they are suffering with a mid-life crisis, when, in reality, it is a hormonal problem that could be treated and improved.

In many ways, the range of percentages we have in relation to the prevalence of TD only serves to highlight the uncertainty around this condition, but it is safe to say that numbers are only going up, and will continue to do so. For you, who may just be worried that your hormone levels are not where they should be, these academic statistics are of little or no value, and the nuances of reference ranges or clinical definitions mean nothing when you’re grumpy, hating your work, and your wife says she wants a divorce. Yes, it’s nice to know that more than two million men in the UK will suffer with TD, and up to 13 million men in the US, but you are an individual, and we need to know how we take this information and apply it to you.

Who gets testosterone deficiency and when?

As we will see in the next chapter, there are multiple causes of low testosterone, and this makes predicting when or if you will suffer with the symptoms of the condition extremely difficult. However, there are some general rules we can apply to TD that will help you work out if this is something you need to be thinking about.

Firstly, the underlying cause is what is most likely to determine the age of onset of the condition. By that, I mean that if you are born with a medical condition, like a chromosomal problem that affects your testosterone, then you will have symptoms whenever that condition typically presents. If it is bad enough, it may be picked up at birth or at the time of puberty.

If you make it through puberty, then it is unlikely that most men will have a chromosomal cause for their low testosterone. If you develop a new medical problem that could impact your testosterone, then you could develop symptoms of TD at any point in your life, with no predictable age. For example, if you get mumps, testicular cancer, or even excess iron (known as hereditary haemachromatosis), then your testosterone could be affected whenever the condition hits you. This is really challenging, as it means we cannot really predict, from a secondary medical condition perspective, who is most likely to be affected by TD. Thankfully these causes of low testosterone are relatively rare.

If you have no clear underlying medical cause for your testosterone levels to drop, but your levels have simply gradually reduced over time, then you may be looking at a condition known as ‘functional male hypogonadism’, which is becoming by far the most common form of TD, and, luckily is also the most predictable form.

Testosterone levels start to decline by about 1 per cent per year after the age of 30, which means that for every year you are alive after this, you become more and more susceptible to TD. In menopausal women, most have a predictable age of onset of about 45 to 55. Perhaps unsurprisingly, we see a reasonably similar pattern in men. This is anecdotal evidence, however, and in my clinic, I tend to see a slightly wider age range, with most men being between 35 and 65. The reason for this wide-ranging age demographic is twofold: firstly, if you are under 35, then your testosterone production is still naturally high, you tend to be healthy with few other medical problems that could impact your testosterone production, and your lifestyle means that you still have more time to yourself (this is a generalisation, but most men have more time to exercise, sleep better, and lead less stressful lives in their 20s and early 30s before they have children).

The reason I tend to see few patients over the age of 65 is more complex. In theory, this would be the age group most likely to suffer with TD. After all, they have had several more decades for their levels to decline, and they are also more likely to have other medical comorbidities that could impact on their testosterone production. Even more importantly, this is also the age group that is most susceptible to frailty, i.e. weakened bones, decreased muscle mass, poorer cognition, and an increased risk of falls. So, surely we should be speci­fic­ally aiming for older men? The problem is really more of a combination of issues; until recently, evidence supporting the safety of testosterone replacement therapy in relation to prostate risk and cardiovascular disease was still lacking, which meant many doctors were unsure about prescribing testosterone treatments to this potentially higher-risk group. In addition, many older men have more life-affecting medical problems such as diabetes, heart disease, Parkinson’s disease, arthritis, or dementia. As such, TD is perceived as something more trivial, and less important to address. After all, who thinks about the sex life of a 70-year-old man?

Finally, and probably the most significant reason men over 65 do not commonly attend my clinic, is the cultural and societal narrative that surrounds masculinity, ageing, and when men seek help from their doctor. We know that men find it difficult to talk to their doctor for just about any medical problem. We also know that sexual dysfunction is an even more embarrassing topic for men to bring up, and so we tend to delay or avoid the topic altogether. Combine this with the fact that in the early stages, many of the symptoms of TD are often mistaken for normal ageing, and this means that older men simply do not come to the clinic to discuss their hormones.

None of this is new

For as long as men have had testicles, there have been cases of men with low testosterone. Without doubt, there will have been cavemen who struggled with their hormones and never knew why their lives weren’t as fulfilling as those of their testosterone-filled colleagues. In ancient Greece, Aristotle knew the effects of castration on men and boys and how this had profound effects on behaviour, masculinity, and reproduction. In fact, his hypothesis on fertilisation was one of the first scientific conjectures relating to reproductive biology in humans ever recorded.

The earliest documentation of creating eunuchs to reduce the impact of testosterone on their masculine behaviour was in China and dates back to about 1300 BC.[13] It is only the fact that imperial eunuchs could obtain high-ranking positions and considerable power, as well as wealth, that makes it plausible that adult men would be willing to go through this gruesome operation. The castration was performed by ‘licensed surgeons’ just outside the imperial court in Beijing by cutting off the testes and penis. Unsurprisingly, about 25 per cent of volunteers did not survive this bloody operation, as cutting off your testicles and penis does not generally bode well for future health. Even more morbid was the fact that the severed genitals were kept in a box, and eventually buried with their owner (perhaps you could get your balls back in the afterlife?).

What is most astounding about this story is that the Chinese eunuch system, with several thousands existing at one time, continued until the end of the imperial period in 1912. The last Chinese eunuch, Sun Yaoting, died at the age of 94 in 1996. And just to clarify, we definitely knew about the importance of testosterone in male health by the 1990s. Of course, we don’t know what medical intervention Sun Yaoting received over his lifetime, as so little testosterone for such a prolonged period would have had profound effects on his general health and well-being.

Historically, there was a curious obsession among doctors and surgeons in which they would to try to transplant any new organ they discovered from one animal to another (and even to humans), in an attempt to demonstrate what it did, or to fix a medical problem in the recipient. Of course, testicles are no different. Although testicles were actually transplanted as early as 1786 by the surgeon John Hunter,[14] this was in chickens, and at this time there was no real understanding of either hormones or the endocrine system. It took nearly another century before Arnold Adolph Berthold (now considered the father of endocrinology) suggested that something secreted internally from the testes exerted its wider effects on the body. Obviously, the next natural thing to do was to try and get hold of various animal testicles and stick them into humans to see if they worked to increase masculinisation.

It is not just technically challenging to transplant organs into humans, but until the development of immunosuppressive drugs and our understanding of blood and immune system matching, the success rate was always going to be zero. This is because our body quickly identifies any transplanted organ as foreign and tells our immune system to kill it. Unsurprisingly, the various attempts to transplant testicles into humans were largely unsuccessful despite various surgeons giving it a good go and sometimes falsely claiming success. These included Charles-Édouard Brown-Séquard in Paris in 1889 and the French/Russian surgeon Serge Voronoff, who transplanted testes from animals to men in the 1920s. Again, I should stress that none of these experiments were proven to be successful.

Then, for some unknown reason (perhaps a combination of improved technologies or expanding knowledge), in the 1930s there was a flurry of breakthroughs in terms of our understanding and treatment of testosterone-related illnesses. First, Ernest Laqueur isolated testosterone from bull testes in Amsterdam, and at the same time Adolf Butenandt in Germany, and Leopold Ružička in Switzerland, independently, chemically synthesised testosterone. In fact, it was Laqueur who termed the word ‘testosterone’,[15] which, although you would imagine it has been around for centuries, didn’t exist until the 1930s. This period was pivotal in our understanding of testosterone and the body, because while many people knew that the testicles had some role to play in making you a man, it was only in the 1930s that the active chemical was shown to be testosterone.

With this breakthrough in identifying the hormone testosterone, and then the ability to make it in a lab, the next step was to produce it in such a way that it could be given to animals and humans in a safe and therapeutic way to treat disease and improve health. Also, for everyone’s benefit, there would be no need to try and transplant animal testicles into men anymore, which was only ever going to be a win.

Almost as soon as testosterone treatments were given to men, the therapeutic benefits of testosterone therapy were observed in terms of mood, overall mental health, muscle mass, energy, and even early suggestions that TRT could improve cardiovascular disease and heart risk.[16] Then, just as everything was appearing to go well, a study by Huggins and Hodges released in 1941,[17] suggested a link between testosterone replacement therapy (TRT) and an increased risk of prostate cancer. Despite the fact that this study was disproved in a matter of years, once this potential link had been made, the belief became pervasive in medical culture and has persisted right up until this day. There have been literally dozens of studies showing that TRT does not increase the risk of developing prostate cancer, but once something is embedded in a culture, it is very hard to remove.

As multiple trials showed the safety of TRT, and the health benefits, over the next few decades prescription rates for testosterone treatments increased. In the 1980s, there were further regulations and concerns raised about the inappropriate use of testosterone in healthy men as the bodybuilding scene took off, and this further reinforced testosterone’s reputation as simply a drug of muscles and gym bros.

But despite this additional setback, prescribing of TRT continued to rise into the 2000s. Then, in the early 21st century, a proposed medical link was made between female HRT and an increased risk of breast cancer. Although this paper has now largely been disproven, the impact this had on prescribing HRT, and doctors’ confidence in the safety of hormones, was severely dented; so much so that it has taken years to recover. The impact of this proposed link was so large that it also adversely affected the prescribing of TRT for men with low testosterone, as it was felt by some doctors that all sex hormone replacement might be unsafe.

Once again, though, with the weight of positive evidence accumulating, testosterone prescribing bounced back. But then in a further stroke of bad luck, a 2010 paper published in the New England Journal of Medicine, reported that older men who had been given TRT had an increased risk of cardiovascular events like heart attacks. Unsurprisingly, this shook the men’s health community, was extremely concerning, and resulted in the largest ever testosterone replacement therapy trial being commissioned in the US. This trial was to hopefully determine, once and for all, that TRT was and is safe for the majority of men who take it. Luckily, the results were good.

Like many things in medicine, while initially concerning, the results of a paper in the New England Journal of Medicine on testosterone and cardiovascular risk highlighted how we need to be careful about how we interpret research results. Firstly, the trial found benefits in functional status and muscular strength of the men on TRT (which was really the point of the trial), but it ended up being terminated early due to a higher rate of cardiovascular events in those on TRT. However, the trial was never set to look at cardiovascular outcomes, and patients were not reviewed properly in terms of assessing heart risk. Even the authors of the papers advised ‘caution in interpretation’, noting that ‘the lack of a consistent pattern in these events and the small number of overall events suggest the possibility that the differences detected between the two trial groups may have been due to chance alone.’

So where are we now?

We finally have good, solid data that TRT does not increase a man’s risk of prostate cancer; that it is safe to prescribe in men with heart disease; that it does not increase the risk of heart attack; and that it can improve metabolic conditions like type 2 diabetes. Once again, confidence in the benefits of TRT is continuing to grow, and we are seeing year-on-year increases in the number of men being diagnosed with TD

How is this relevant to you?




Summary: What is testosterone deficiency? (and why should you care?)


	Testosterone is unlike any other hormone: although culturally and biologically synonymous with masculinity, it is essential for long-term physical, mental, and metabolic health.

	Testosterone plays a key role in quality of life, longevity, and disease prevention.

	Sex hormones subtly guide choices that promote reproduction and species survival, largely without conscious awareness.

	Testosterone’s visible effects:

	Increased height, muscle mass, bone density, and strength

	Deepening of the voice

	Growth of facial/body hair

	Changes in fat distribution

	Enlargement of genitals





	Key ‘hidden’ roles include:

	Brain function (motivation, cognition, mood, drive)

	Bone density and fracture prevention

	Muscle mass and physical resilience

	Red blood cell production

	Heart and metabolic health

	Fertility and sexual function





	Testosterone levels peak in early adulthood and decline by ~1 per cent per year after age 30.

	Low testosterone is linked to:

	Fatigue, low mood, brain fog

	Loss of muscle and bone (frailty)

	Increased cardiovascular risk

	Higher mortality risk





	Testosterone deficiency has estimated prevalence ranges from 10 to 40 per cent of adult men, depending on definition.

	Around 35 per cent of men over 45 may have TD.

	Rates are higher in men with conditions like type 2 diabetes.

	Testosterone levels have been declining across populations in recent decades.



Who develops testosterone deficiency?


	Causes include:

	Congenital or chromosomal conditions

	Damage to the testes (e.g. mumps, cancer)

	Medical conditions or medications

	Age-related and lifestyle-related decline (‘functional hypogonadism’)





	Older men are under-represented due to:

	Misattribution of symptoms to ‘normal ageing’

	Cultural stigma

	Reluctance to discuss sexual or hormonal health







Testosterone treatment and modern understanding


	Testosterone replacement therapy (TRT) has been used for decades.

	Early concerns about links to prostate cancer and heart disease have largely been disproven.

	Modern evidence shows TRT:

	Does not increase prostate cancer risk

	Is safe in men with cardiovascular disease when appropriately prescribed

	Improves metabolic health, muscle mass, mood, and quality of life





	Confidence in TRT is increasing as evidence improves.



Why this matters to you


	Testosterone deficiency is real, common, and increasingly recognised.

	Symptoms are often misdiagnosed as stress, depression, or ‘mid-life crisis’.

	TD affects physical health, mental well-being, relationships, and long-term resilience.

	Understanding testosterone empowers men to seek assessment, challenge stigma, and improve long-term health outcomes.

	You are not alone – and TD is no longer a fringe or controversial condition.
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