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For Dolly, my perfect wife, love of my life.

For Julian, Rex and Daphne. I love you all more than I can say.

And in memory of my Aunt Cynthia, who taught me so much about health, life and death. I miss you every day.





‘Gilgamesh, where are you hurrying to? You will never find the life for which you are looking. When the gods created man they allotted to him death, but life they retained in their own keeping. As for you, Gilgamesh, fill your belly with good things; day and night, night and day, dance and be merry, feast and rejoice. Let your clothes be fresh, bathe yourself in water, cherish the little child that holds your hand, and make your wife happy in your embrace; for this too is the lot of man.’

Quotation from The Epic of Gilgamesh, translated by N. K. Sandars (Penguin Classics, revised edition, 1972)






Introduction: Why are we so confused?

Sometime in 2020, I begin to feel like I don’t know anything.

It starts with the health and wellness podcasts: deep dives into research papers on diverse and scientifically complex topics, including cancer metabolism, the biochemistry of longevity and mTOR gene inhibition; a three-hour podcast discussing the relationship between light wavelength frequency and mental health. Why do I know so little about these topics? What should I do with the new information I learn?

I start trying to follow the advice and it gives me a feeling of control. I get up early to ensure I get the right wavelength of light into my eyeballs. I install black-out blinds. I listen to more podcasts.

My increasing obsession with these podcasts is driven by their chart-topping popularity. They’re not just listened to by health professionals or body-hackers – they’re at the top of the download charts. They’re the most popular podcasts in the world. They have huge followings and their hosts are stars, churning out bestsellers, even though their output doesn’t seem designed for mass appeal, with detailed discussions of clinical-trial design, statistical methods and cellular biology.

I trained as a doctor, and have worked as a broadcaster for twenty years. I am fascinated by this new, detailed, unpatronising genre of health broadcasting. I’ve always tried to explain things simply, starting with the very basics. Once, for a TV item on liver health, I stopped strangers in the street and asked them to point to their liver. Almost none of them could. Now I wonder if I should be increasing the complexity.

The podcast hosts are mostly men, mostly American, all highly qualified and all very confident about their claims and their conclusions. They can digest and interpret a colossal volume of scientific papers with ease, and their output in terms of hours is mind-blowing; they are also physically and intellectually impressive. They seem to me, at first, to be the epitome of high-quality health broadcasting: definitive, comprehensive and inspiring.

Podcasts are just the start. In the early 2020s, the number and scope of articles, social media posts and ads about health and wellness begin to soar. Over the course of a single day, it becomes normal to encounter advice, tips, protocols or regimens for gut health, sleep, fertility, productivity and muscle building, plus statistics about my risk of dementia, heart disease and cancer. If I actively look for help with joint pain or brain fog, I am inundated with suggestions.

Both the advice and products seem comfortingly scientific. Harvard, Oxford, Cambridge, Stanford, King’s College, NASA, the Mayo Clinic and more are invoked as guarantees. Everything suggests legitimacy and trustworthiness. Any claims made are supported by evidence from peer-reviewed papers. The ideas circulating are treated with seriousness by investors and the mainstream media, and are popular with entrepreneurs, athletes and Silicon Valley billionaires.

I am swept along in the vast river of fascinating, helpful scientific advice, given for free seemingly for the benefit of us all. Sometimes the topics are austere and scientific, but the intimacy of a podcast means it seems personal and caring. A great wave of information washes over me. I can’t retain all of it, but it’s reassuring to know that it’s out there.

Even if you’ve never heard of any health and wellness podcasts, or of their hosts, their ideas – in clipped form – will have appeared in your social media feeds. Or they’ll have shown up in your conversations or the news, even if you’re off social media completely: their influence reaches far beyond their followers, pushed out via TV, radio and the press.

In everyday conversation, complicated ideas begin to crop up: friends and colleagues show me their microbiome analysis, or the results of genetic tests they’ve had done, or data from the continuous glucose monitor (CGM) they’re wearing. They tell me about their supplement stack, including molecules like NMN, glutathione, CoQ10 and alpha-GPC. I have to start reading complex biochemistry tracts to follow what they’re saying. They show me data from their Fitbit or Apple Watch: their heart-rate variability is reduced, and their sleep score is low. So, it’s going to be a tough day, they warn me, as they swig a proprietary blend of powdered greens.

This new, complicated set of practices does seem to have good scientific justifications. The trouble is that every part of my life can be scrutinised for its health and wellness effects.

At this time, I’m appearing on BBC TV and radio, and the questions coming in from viewers and listeners reflect this new surge of health and wellness information. But as I start to investigate the legitimate-sounding advice they’re asking about – Should I take NAD? Would a CGM help me to lose weight? Will red-light therapy help my joints? Will turmeric? Should I get tested for microplastics? Should I get a blood test to assess my ‘biological age’? – it turns out to be hard to get them definitive answers.

I find myself confused and overwhelmed. It is a professional problem – it’s my job to understand this stuff and explain it – but also a personal problem: I want to know the answers to these questions for myself too.

This book emerges from my attempts to understand the wellness industry as a health broadcaster, and as a person trying to look after myself. I began by asking, ‘What works?’, and spent months poring over scientific evidence, with a huge amount of help from colleagues and experts. It was hard to answer this question – how can you separate the good from the bad without doing hundreds of hours of painstaking research, or when you can’t even do the research because there isn’t any evidence? Furthermore, there are far too many products to investigate them all individually, so I needed rules of thumb. To get a feel for the industry – to see what motivated people and made them tick – I travelled into the world of wellness products and treatments, meeting the companies and influencers who make and sell them, the scientists who understand them and the people who consume them, all while experimenting on myself.

For my investigations of the various scientific claims made about the products featured in this book, I was interested not only in original research papers, but also in what the current medical consensus is. If I want to learn more about a medical treatment, there are lots of options. I can go to the Cochrane database, an extraordinary effort to meticulously and independently pore through medical trials and give verdicts on treatments, or I can use products like UpToDate, which employ teams of experts to continually review medical research and provide definitive guides for treatment in all areas. There are often position papers available from the UK government’s scientific advisory committees, and I can also turn to evidence-based guidelines produced by recognised medical bodies or associations.

However, for most of the products and claims I try to evaluate here – diets, hormone treatments, longevity supplements, blood tests or gadgets – the level of evidence that I’m used to in healthcare simply wasn’t available. So, I went further, travelling to wellness fairs and factories, and talking to entrepreneurs, lobbyists, journalists and scientists.

Wellness means something slightly different for each of us. It’s not the same as health, which is typically measurable in some way. Wellness is more to do with some inner feeling of being satisfied, of having reached our potential, of being who we want to be and looking and feeling the way we think we ought to. But it’s ineffable: a glow, a sense of peace, or perhaps of confidence or invincibility. I’ve had a handful of days when I’ve really felt my best, and I’m firing on all cylinders. And it’s possible to imagine those days when I’m not, which is most of the time. So, wellness, to me, often feels achievable but just out of reach, as if I need something to unlock my brain or body.

It is this feeling that the wellness industry – the part of it that interests me – offers to address. They’ll get you where you are meant to be. Once you start to take an interest in improving your performance, in optimising yourself or living a little longer, three categories of product or service are perfectly suited to taking your money: supplements, wearable tech and testing. These are the three areas I explore in depth – they’re what this book’s about – because these are the ones that most blur the line between wellness and healthcare (which is also why I don’t discuss alternative therapies like crystal healing). Unlike healthcare, the wellness industry has few obligations to demonstrate either effectiveness or safety, which means it can masquerade as healthcare so effectively that it’s hard to tell the difference between the two.

The term ‘supplements’ encompasses a very wide range of products. There are over 100,000 supplements on the market in the USA today, and many tens of thousands in the UK. The supplement industry predates the modern pharmaceutical industry and is the foundation for much of modern wellness. Supplements are such a successful product for the wellness industry because they so closely resemble drugs – not just in terms of their physical appearance, but the very idea of them. And in some cases, as we’ll see, they are drugs.

Wearable tech is being used for an increasing number of applications that feel very much like healthcare, including measuring sleep, blood pressure, blood-oxygen levels, blood-glucose levels and heart rate and rhythm. These devices are so extraordinarily compact, and the data they gather so seemingly objective and accurate, that they amaze me every time I encounter them. And they are currently capturing health data on most of us – almost all smartphones track our health in some way, and an estimated 31 per cent of Americans wear smart watches. Apple, not a health company, has a health division estimated to be worth billions.

Testing of course looks like healthcare – it is an essential part of healthcare! Many important decisions in clinics and hospitals are based on blood, urine and stool tests. So, when consumers can purchase the same tests from the same laboratories for their own private interests and interpretations, it doesn’t immediately feel like wellness. The consumer blood-testing business is booming, and is predicted to be worth $128 billion globally by 2028. It almost feels like healthcare, except quicker, more convenient and more empowering. Why shouldn’t people learn about their blood-glucose levels, microbiome health or biological age?

I’m not anti-wellness. I want to be more well than I suspect my doctor can make me. I want to be optimistic about wellness. But there’s so much at stake. The wellness industry’s influence on our thinking is far greater than that of any other industry of equivalent size. We’re led to believe that our problems are our own fault, that we can fix them – that we should fix them.

So, I went looking for evidence for how much wellness products might help us to achieve the things we want to achieve. The results are in the chapters that follow.

By the end, I hope you’ll have a rule of thumb about what works and what doesn’t. I could only look into a handful of the products out there, yet they’re representative of the wider industry. I want you to be able to look at a product on a shelf or an Instagram post or in an article in the paper and say, ‘Oh, I know why they’re selling that! I know what they’re up to!’ You’ll be able to see who has made you even consider buying the product in the first place, and be aware of all the ways the product might harm you. Beyond your own purchasing, I also want you to see what the wellness industry is doing to the way you think about yourself and your family and your community, how it is altering the scientific agenda and changing what questions seem important to answer. It is reshaping the world.

Most of us carry around some burden of expectations that we should look and feel and perform better than we do. I hope this book will clear the fog, resolve the confusion and set you free to do the important things you need to do with the people you care about.




Part One



HOW DID WE GET HERE?




1

The Supplement Revolution

The Fira Barcelona Gran Via exhibition centre is officially described by Barcelona Tourism as ‘a masterpiece of contemporary architecture that combines beautiful aesthetics and functionality’, which ‘has become one of Barcelona’s iconic architectural landmarks’.

This description does not, in any way, prepare you for the building itself. I exit my taxi and gaze up at it, bathed in glorious sunshine under a perfect blue sky. While architecturally disappointing, it is, by a long way, the largest shed I have ever seen. I am about to discover that it is in fact eight of the largest sheds I’ve ever seen, occupying a vast site spanning 240,000m2 of exhibition space, the second largest in Europe.

The crowd of thousands cheerfully surges along towards the entrance as though we’re going to a festival or a football game. The day is warming up and there is live music, traditional Spanish guitars and singers welcoming us. Everyone on my flight seemed to be headed here; the taxi driver immediately knew where I wanted to go.

The total head count is over 25,000 people and, when the doors open, we pour into the first of the sheds, which is full of newly assembled exhibition stands. It’s like the first few minutes of a day at Disneyland, when everything is clean and uncrowded.

We are entering ‘Vitafoods Europe 2025 Barcelona’, which described itself as ‘the world’s nutraceutical event’. It is one of the largest supplement industry fairs in the world.

The supplement industry encompasses a wide range of products, which is reflected in the exhibitors’ stands. One company has modelled itself on an old apothecary: their stand is beautifully assembled, with gilt-labelled glass jars, lacquered wood and hand-painted signs. Nearby, replica tropical trees surround an exhibit of herbal remedies from the Peruvian Amazon. At the centre of the hall, slick, gleaming-white installations resemble the flight decks of recently docked spacecraft delivering futuristic supplements to Earth. An ashwagandha company offers a complete multisensory ‘Experience Centre’ which takes visitors on ‘a journey of enlightenment’. The fish oil vendors from Iceland have brought the Game of Thrones scenery with them, the vast terrain and mighty ocean somehow giving me a sense of what their product might do for me. It all looks bright, fresh and fascinating.

Surrounding the fancy exhibitors at the centre of the hall are hundreds of smaller, less glamorous displays by businesses that are not consumer-facing: small Chinese companies that refine fish paste into omega-3 oil; capsule makers; suppliers of fillers and stabilisers for supplement pills; flavour and odour consultants. The industrial machines for mixing, pill-making, capsule-filling and bottling look as exciting, in their own way, as a large model railway. They’re not making anything, but they have been switched on, so they’re whirring away, sparkling clean and hypnotic.

The full range of products at the fair is far beyond my – and probably any other individual’s – expertise: there are plant and animal extracts, like lycopene from tomatoes, curcumin from turmeric, collagen and cod liver oil; there are living organisms like the fungi and bacteria that populate our guts and skin; there are synthetic molecules based on natural ones, things like nicotinamide adenine dinucleotide (NAD) and nicotinamide mononucleotide (NMN). There are thousands of individual ingredients, frequently blended into multi-ingredient complexes.

The fair has filled half the hotels in Barcelona with visitors from the supplement industry. In years to come it may be an even higher proportion: over the past ten years, annual global sales of dietary supplements have increased from around $100 billion1 to over $200 billion, with forecasted2 yearly sales of more than $300 billion by 2030 − a rate of growth that outpaces the slower, more regulated march of the pharmaceutical industry.3,4

Supplements are extremely popular: around 60 per cent of people in the USA have taken some kind of dietary supplement within the last thirty days.5 Around 50 per cent of people in the UK regularly take a supplement.6 Supplements are stocked in huge quantities in supermarkets and pharmacies.

How did we end up with so many supplements, and why are they so popular? Is the annual supplement bill of around $70 billion in the USA7 (over $200 per person) and £3.6 billion8 in the UK (over £50 per person) worth it? What is this global industry doing to our bodies and our brains?

***

The nutraceuticals fair feels very modern, but humans have been supplementing our diets for a long time.

Every group of people in history has aspired to figure out how to add a little bit of this, or a little bit of that, to their diets to make them healthier and more complete. Landlocked cultures living far from the sea found sources of salt, essential for life, by somehow discovering that it could be extracted by boiling vast quantities of plant ash.9 Indigenous people living in northern latitudes figured out that pine needle tea was an excellent source of what we now know is vitamin C when they’d run out of fruit and veg at the end of a hard winter.10,11

Beyond making sure they had all their essential nutrients, there is evidence that around 50,000 years ago humans could have been using medicinal plants to treat disease: Neanderthal dental calculus shows evidence of the use of bitter, traditionally medicinal herbs like yarrow and chamomile.12,13 Roughly 5,000 years ago, in early Bronze Age Sumer (now southern Iraq), lists of medicinal herbs that could be used in poultices or as medications, including willow (which contains a chemical related to aspirin), were being carved in cuneiform script on clay tablets.14

At the fair, looking up at the glossy display of a botanical company exporting ‘200 varieties of plant extracts to 60% of the countries in the world’, it seems like a time-travelling Sumerian would feel right at home. They’d even recognise a few of the herbs: much ancient knowledge has been carried down through generations as ‘traditional’ medicine, including traditional Chinese medicine, Ayurvedic medicine and modern European herbalism.

Traditional medicine divides people: you may feel it’s unscientific nonsense, or that it contains huge amounts of valuable wisdom, or both (there are many traditions after all). I’ve worked with traditional healers in different places, and I have a lot of respect for the ancient knowledge. Possibly the two most lifesaving medicines in the world, quinine and artemether (both used to treat malaria), were developed from herbal medicines used by indigenous Andeans and in traditional Chinese medicine, respectively. Many other modern drugs, including aspirin, cancer treatments and antibiotics, also derive from natural sources.15

Tradition is important to the modern supplement industry: many of the stands in Barcelona, even the high-tech ones, sprinkle in a little mythology. ‘In the heart of the Amazon rainforest, grows a tree whose secrets Indigenous tribes have known for millennia’ – that kind of thing. Modernity is also important though, so the ancient remedies are improved with things like ‘New-age Bioactive Optimisation technology™’. It’s harder to know what a time-travelling Sumerian would make of this.

Taking something, like a pill or a powder, to in some way improve ourselves is a key idea in both wellness and in healthcare. There were no distinctions between drugs and supplements (or for that matter, magic potions) until the twentieth century, and even today many of the most popular supplements, like vitamins and minerals, are also used as drugs. This close affiliation to the medical industry is important to the supplement industry, and the medics haven’t entirely shrugged off their herbalist origins either.

The Royal College of Physicians, next to Regent’s Park in London, has a medicinal garden containing over a thousand plants with long histories of traditional use. Some of the plants in the garden are related to modern drugs (foxgloves contain digoxin, which is still used to treat heart failure), and although the remedies used by herbalists and medical doctors now are largely very different, the core idea − that there is a cure out there, that something external to the body can be ingested to improve things − is a longstanding one that has served us well.

After a few thousand years of cultural practice of using plant, animal and mineral remedies, of course the promises of the modern supplement industry feel plausible. But there may be something else at work too: it’s possible that we possess an instinct to supplement our diets with substances that seem potentially medicinal.

Our closest animal relatives, chimpanzees, swallow rough leaves whole and later defecate them intact. This behaviour has been linked to efforts to expel intestinal parasites: the chimps eat something that disagrees with them to get rid of something worse.16,17 Chimps also chew bitter pith, seemingly for therapeutic use.18

Cows and other ruminants appear to do similarly: research suggests that they can learn to eat particular plants when infected with parasites.19 Even parasite-infected butterflies seem to seek plant medication, laying eggs on plants that reduce parasite growth in their offspring.20

These examples don’t prove that animals self-medicate – animal behaviours are hard to interpret, requiring hours of watching them eat and poo – but the details are persuasive. The behaviours happen pretty reliably when the animals are unwell and the treatments appear to work. Most importantly, only the sick animals self-medicate in this way, just as we take medicine, with its associated side-effects, only when we are ill.

Wild animals also constantly adjust their grazing and foraging according to their requirements for minerals and vitamins, to ensure that they get enough of everything they need.21 It seems probable that a cow might think of the wide range of plants they need simply as food, rather than as supplements, but animals do seem to have an instinctive understanding of their need for micronutrients and where to find them. A natural saltlick22 might be regarded as supplement use in animals!

So, part of our enthusiasm for supplements may be that, like our animal and insect relatives, we instinctively experiment with adding things to our diets. Perhaps it’s not such a long way from Bronze Age Sumer – or from picking ticks out of each other’s fur in the jungle − to the sheds in Barcelona.

But, alongside culture and instinct, there is another relatively recent factor that has been just as important to the creation of the modern supplement industry: making money. Extracting cash from people in return for some promise of better health and less disease is an old game. Of course, legitimate healers have to get paid, but much of the innovation in the marketing of drugs, herbs and supplements (which in the nineteenth century were not distinct categories) has historically been led by out-and-out conmen.

***

In 1893, Clark Stanley, a cowboy known as the ‘Rattlesnake King’, is promoting his Snake Oil Liniment at the Chicago World’s Fair alongside hundreds of futuristic exhibitions. His slogans aim at total market capture: ‘good for everything a liniment ought to be good for’ and, not wanting to limit himself to human customers, ‘good for man and beast’.23 He tells the crowd he learned the secrets of the snake oil from the Hopi Nation, in Arizona.

By Stanley’s own account, he puts on a superb show: hundreds of seething, live rattlesnakes are produced, buzzing furiously. They are anaesthetised with chloroform; then killed, cut open to display their fat, and plunged into a boiling cauldron. As the rendered snake oil floats to the surface, it is skimmed off, bottled and sold at once to eager customers. Business is so good in the years after the fair that he has to open two factories and warn people against fraudulent imitations.fn1

Clark Stanley was operating in the grand tradition of ‘patent medicines’, which were popular from the seventeenth to the early twentieth century. These proprietary remedies were not patented in the modern sense (the name refers to letters patent, which granted a royal endorsement), but were sold as cure-alls for everything from rheumatism to baldness. Their formulas were secret and their claims promised whatever customers sought. Business boomed. By the turn of the twentieth century, though, the patent medicine trade began to attract scrutiny. In articles read by millions, journalists like Samuel Hopkins Adams began documenting the dangers of these medicines that were adulterated, deceptive and sometimes actively harmful. Many – even products marketed for infants – contained alcohol, opium or other addictive substances, and could be sold with almost no regulation.

The US Federal Government came under pressure to pass consumer protection legislation (none of this pressure came from the medical establishment, whose journals were subsidised by patent medicine advertisements), resulting in the passing of the Pure Food and Drug Act of 1906.24,25 Enforcement of the act was assigned to the Bureau of Chemistry in the US Department of Agriculture,26 the institution that would become the Food and Drug Administration (FDA) in 1930.

The Bureau of Chemistry took aim at the patent medicines: ‘an article shall be deemed to be adulterated … if strength or purity fall below the professed standard under which it is sold’.27 Stanley’s Snake Oil must have been an obvious target because of its popularity and extravagant claims. On 20 May 1916, the Bureau issued his company a $20 fine (the equivalent today of around $500) after their analysis ‘showed it to consist principally of a light mineral oil (petroleum product) mixed with about 1 per cent of fatty oil (probably beef fat), capsicum, and possibly a trace of camphor and turpentine.’28 The department went further, saying that he had ‘falsely and fraudulently represented it as a remedy for all pain and lameness, for rheumatism, neuralgia, sciatica, sprains, bunions, and sore throat, for bites of animals and reptiles … [the list of claims is a paragraph long] when, in truth and in fact, it was not.’29

And with that Clark Stanley rides off into the sunset, leaving behind the idea of ‘snake oil’, still a useful term to describe all kinds of fraud: it captures something about the oily smoothness of a certain kind of salesperson, as well as something mystical and sinister.

Stanley, and the other snake-oil sellers, also gave us the beginning of modern food, drug and supplement regulation. A battle between the people trying to make money out of our vulnerability when it comes to health and wellbeing, and governments who try to limit their excesses, has been waged ever since.

It’s possible that the fine had less effect on Stanley than I’d like to believe. There’s no evidence he was run out of town by an angry mob of disgruntled customers.fn2 More likely, he was done for by modernity. Times were changing. By 1906, the therapeutic revolution of modern medicine had begun: aspirin, local anaesthetics, X-rays, vaccines and antibiotic precursors were all becoming widely known. People were looking to the future, the new, not the past. Pharmaceutical companies would dominate the next century, with their own cons and scandals and cures.

Now, in the twenty-first century, I’m surrounded by proclamations of modernity and science, but the ghost of Clark Stanley may still be here somewhere in the sheds. Perhaps he’s swapping stories with the ghost of a Sumerian herbalist. So, I’m on the lookout for snake oil. I want to be open-minded (some of this stuff must work!), but I am also wary of the claims (it can’t all work!).

The supplement industry expertly appeals to some combination of deeply ingrained culture and instinct, but it also has a product category that the ancient Sumerian could not have imagined, a twentieth-century discovery that utterly reshaped how we understood our bodies: the vitamins.

***

Many of the exhibits at the Vitafoods fair alluded to the glorious era of vitamin discovery. There was a company named after the Hungarian biochemist who won the Nobel Prize in 1937 for isolating vitamin C (Albert Szent-Györgyi); other stands referred to the heydays of cod liver oil, rich in vitamins A and D, transforming lives.

Most of us would feel confident using the word ‘vitamins’ in a sentence and offering a vague definition, like ‘chemicals we need for life’. But vitamins are a hard group of substances to pin down more exactly. Bravo if you said: ‘organic compounds required in small amounts that we cannot synthesise (or at least not in sufficient amounts) and must therefore obtain from our diet’. And double bravo if you added the final nuance of the formal definition that a vitamin’s ‘primary role is catalytic or regulatory rather than serving as bulk fuel or structural material’.30 What this means is that vitamins are to our bodies what power tools are to a house. They are essential for building and maintenance, but we’re not made of them. We’re made of proteins, fats, sugars and minerals. In your whole body at any one time, you have only a small spoonful of vitamins.

Although ‘chemicals we need for life’ is a pretty good working definition, there are many other non-vitamin chemicals we need for life too: water, of course, though in far larger quantities than vitamins; essential amino acids and fatty acids; choline (sometimes called a ‘vitamin-like nutrient’); minerals like iron and calcium as well as trace (meaning we hardly need any) elements like zinc and copper. Then we also need sufficient calories, of course, and you could argue that we need fibre ‘for life’ or at least for good health. So, why do vitamins get their own special category?

Vitamins are perhaps the most important biological molecules ever discovered. Some of the B vitamins are older than DNA: it’s likely that niacin (vitamin B3) was brought to earth by meteorites around 4 billion years ago and contributed to the pool of chemistry that helped to kick-start life.31 DNA only managed to evolve around a billion years later. These B vitamins were already at work in the earliest forms of life, and every organism on Earth still depends on some of them.

The idea that micronutrients such as vitamins and minerals are essential to health is now so embedded in our thinking that it’s hard to imagine not knowing about them. Even if you had no scientific education at all, most people are still aware of vitamins simply from reading cereal boxes. But the dominant theory of nutrition at the end of the nineteenth century was that animals, and humans, could survive on a diet of pure protein (for making tissues including muscle), fat (for energy and insulation), carbohydrate (for energy) and minerals or ‘salts’ (for making bones and sweat).32

The breakthroughs were gradual: Christiaan Eijkman realised that brown rice could cure beriberi, but this wasn’t quite a vitamin discovery. Still, he was awarded the Nobel Prize for the discovery of vitamins in 1929, even though he didn’t identify or extract the exact chemical, and he didn’t understand the mechanism by which the rice cured the disease.33

By 1906, Sir Frederick Gowland Hopkins, a towering figure in twentieth-century science, had written the words that would win him the Nobel alongside Eijkman – ‘no animal can live upon a mixture of pure protein, fat, and carbohydrate’ – but, again, he hadn’t actually discovered a vitamin.34

In 1912, Casimir Funk, a young Polish scientist in London, managed to isolate the ‘factor’ in brown rice that prevented beriberi in chickens.35 He deduced that beriberi, pellagra, scurvy and rickets were all caused by deficiencies of specific nutrients. The nutrient he had isolated was a type of chemical called an ‘amine’ and so he called the class of nutrients ‘the vital amines’, or ‘vitamines’. Finally! The first vitamin! He didn’t get the Nobel, but them’s the breaks.

There are only thirteen human vitamins, but together they form the foundation of all modern nutrition science, and, most importantly, they’re crucial to how we understand the chemistry of life. The visionaries who discovered them in the early twentieth century gave us a new way of thinking about biology, saved vast numbers of lives, and did so by doing some of the most painstaking, complex science imaginable.

It is hard to overstate the global impact of the vitamin discovery – especially once it was possible to isolate the vitamins and use them to treat deficiencies. You may never have encountered beriberi, scurvy, rickets or pellagra, but your great-grandparents and your ancestors before them will have known these illnesses well. Within the space of a few decades, whole swathes of disease were largely eradicated in many parts of the world. The impact of this progress is still with us. I think it’s a huge part of why we believe that taking a small, cheap pill made from individual chemicals extracted from plants and animals can make us well.

I think about the history of the vitamins as I begin to walk briskly through the fair. I want to start the day at the sampling station in one of the distant sheds where the latest innovations in supplement technology are handed out for free. This was my twin brother Chris’s idea: ‘Go and try it all,’ he’d urged me. ‘Some of it might make you feel amazing!’ It does feel like an opportunity to experience what the industry has to offer.

The growth of the global nutraceuticals industry (there are other fairs as big as the one in Barcelona) began almost the instant the vitamins were discovered. Well before the science was fully understood, the wellness industry started to cash in. The first ‘multi-vitamin’ pills appeared amazingly early, when in 1915, Iowa chiropractor Forrest C Shaklee launched Shaklee’s Vitalized Minerals,36 a tablet that mixed minerals with the new ‘vitamines’. A year later, Mastin’s Yeast Vitamon Tablets (complete with kooky spelling) boasted ‘all three known vitamines’ (fat-soluble A, water-soluble B and C), plus iron, calcium and phosphorus. Mastin’s breathless spiel explained that:


The increasing of the Vitamine supply to weakened systems is recognized by medical authorities as a valuable aid to enrich the blood, strengthen the nerves, improve the appetite, aid digestion, correct constipation, clear the skin, increase weight and energy and act as a health-giving tonic in generally weakened run-down conditions.37



Mastin’s newspaper ads promised weight gain, ‘red blood’, clear skin and renewed virility. There was no science to support these claims at this time: it was pure marketing copy. It feels remarkably familiar over a hundred years later, when vague claims designed to have as wide an appeal as possible are still made.

By 1923, Metagen was selling capsules of concentrated vitamines, containing all the known vitamins – A, B and C – in a ‘5-grain dose’.38 This product was marketed to doctors in medical journals to treat ‘vitamine deficiency’ in convalescents and the undernourished. Vitamin deficiency at this time was a genuine problem, but these products preceded understanding of safe doses, and took the place of dietary interventions that would have been far safer and just as effective.

By the mid-1920s, readers were regularly seeing advertisements for vitamins as well as features in health columns and advice aimed at mothers and children. The term moved, in little more than a decade, from specialist jargon to part of everyday health vocabulary – even without Instagram.

Through the late 1920s and early 1930s, vitamin and mineral supplements raced ahead of both science and regulation. Analyses by health authorities often found that proprietary ‘vitamine’ tonics contained far less of the active substances than claimed – sometimes almost none at all.39,40 Mastin’s Vitamon Tablets eventually ran into trouble: in 1935, the US authorities condemned and destroyed seized stock in a misbranding case, arguing that the product’s sweeping health claims couldn’t be justified.41 But the public were persuaded – they had seen a generation grow up free from vitamin deficiencies, they were seeing medical advances everywhere, and the power of these pills seemed self-evident.

Vitamins were being sold fraudulently, or at least without adequate science, to an enthusiastic public almost from the day they were discovered. I am thinking back over this period of history as the tasting station comes into view at last.

I am the first person there and I loiter self-consciously as the exhibitors finish laying out their free samples. The staff, it seems, are unused to this level of enthusiasm, and I watch as they set out little plaques describing the products that are yet to appear.

Finally, the samples begin to arrive: trays of little plastic cups full of pills and liquids, and fishbowls full of sachets, lollies and gummies. I start with some honey biotin gummies for hair, nails and skin, then move on to an effervescent caffeine and vitamin C combination for a ‘fizzy energy boost’. One of the servers offers me shots of a natural solution to menopause (a ‘functional beverage’ featuring Lactobacillus rhamnosus and enriched with yams, hops, ashwagandha and monk’s pepper). It seems wrong to accept these, so I move on to the crunchy soy droplets (a ‘high-protein aperitif’), washing them down with a small cup of ‘GLP-1 protein support’ for my wellbeing (if I were taking Ozempic).

I begin to feel like I’m in George’s Marvellous Medicine. Far beyond the safe ground of high-street vitamin supplements I have reached cutting-edge wellness.

Next up is a proprietary extract of Alpinia galanga that promises to improve my attention and focus without the jitters. I try some controlled-release ‘liposomal hydrolysate of fish collagen type 1’, chasing it down with a handful of children’s iron gummies. I grab some probiotics to settle my growing queasiness, and pocket a couple of vitamin D3 and K2 lollipops to support my immune function through the day. The brand-new magnesium gummies I sample are, as advertised, ‘free from grittiness’.

Greek mountain tea botanical extracts (a ‘foundational booster for brain health to improve mental flexibility, memory and concentration’) are next, and then ‘a complex of standardised extracts of bilberry, black chokeberry and haskap berry’ that claims to improve ‘several visual parameters’. I choke these down before reaching for some fish oil gummies. I am assured that, although omega-3 gummies ‘typically have a strong unpleasant marine taste and odour’, these particular ones ‘taste great’. They do not.

Keen to wash away the marine taste and odour, I find the most thrilling offering at the sampling station: Broffee, a ‘unique fusion of cold brew coffee and bone broth’ that delivers ‘a caffeine kick and a collagen boost’. I drink two cups immediately, spurred on by their claim that ‘adding Omibroth™ to a cold brew is one of the ways of putting a functional twist on a morning routine’. You might expect, as I did, that Broffee would be kind of a devil’s brew of Bovril and Nescafé, but the review I text my brother Chris is far more positive: ‘It’s not bad actually. To be fair it really isn’t bad.’ Maybe they’ll put that on the packet.

***

By the 1910s, scientists, including Hopkins, had confirmed that food contained minute amounts of powerful agents that promote growth, health and strong development. Experiments comparing rats whose diets had been chemically stripped of all nutrients (leaving pure fat, protein and carbs) with rats that were given a little additional milk showed that the milk-fed group (who were getting their vitamins) were thriving while the others wasted away.

Even today, the graphs of Hopkins’s experiments42 are masterpieces of graphic design: an elegant line of black dots shows the rats on the enriched diets soaring upwards, while the line of white dots shows the vitamin-deficient rats, by contrast, struggling briefly upwards, then plummeting. The core idea they convey is embedded in our enthusiasm for supplements: none of us wants to be the struggling, shrinking rat.

As scientists grew better at extracting individual vitamins from food and eventually at synthesising them, it became possible to think of nutrients as having specific jobs. Vitamin A (found in carrots) is essential for vision in low light; the B vitamins are important for energy production, the nerves and the blood; you don’t need to know any biochemistry to associate vitamin C with good skin and hair, and not catching a cold.

Vitamin C in the form of citrus juice was the first ‘scientific’ dietary supplement. Of course, people have always consumed vitamin C in food, but the extreme dietary limitations of long sea voyages, during which fresh fruit and vegetables were not available, meant that scurvy (vitamin C deficiency) was a massive problem.

Dr James Lind, a doctor in the Royal Navy, did the first well-designed medical trials in 1747 to demonstrate that citrus could cure scurvy on long sea voyages. The entire history of exploration, empire and sailing had been dominated by scurvy – on long voyages, fleets might lose over half their crews to scurvy deaths – and the accounts of the disease are horrific.

It took the British Navy until 1795 to implement a daily ration of lemon juice and sugar. Still, the British were, compared to the Dutch, Portuguese and French navies, early adopters. The British victory at the Battle of Trafalgar can be attributed at least in part to vitamin C. The British had been at sea for nearly two years and should have been ravaged by scurvy. Instead, among the fleet of 7,000, there had been only 110 scurvy deaths. In contrast, the Spanish reported over 300 cases of scurvy on a single ship; the disease literally decimated their fleet, killing more than one in ten. The power of a dietary supplement – a citrus extract in this case – lodged in the mind for generations to come.

The symptoms of scurvy are largely related to the importance of vitamin C in making collagen, the fibrous protein that gives structure to skin, hair, blood vessels, bone and connective tissue. As you run out of vitamin C, your tissues can’t be maintained: gums bleed, old wounds split open, and skin bruises at the lightest touch. Your hair becomes brittle and falls out.

It is from these symptoms, I think, that we get the idea that vitamins can improve us beyond our normal selves. When you see someone recover from scurvy, it is like seeing Lazarus rise: everything about them heals and repairs and they seem to glow as their skin and hair regain their lustre. They don’t actually get better than normal, but the before and after pictures are impressive.

It’s completely reasonable to believe that our vitamin intake isn’t optimal today. OK, we don’t see much scurvy any more, but diseases of deficiency could easily exist on a spectrum. Sure, you’ve not been aboard a man-o’-war for months, eating only ship’s biscuit and salt beef, hauling round the Cape with your teeth rattling and gums bleeding and ulcerated skin peeling off. But we don’t eat nearly as much fruit and veg as we should: diet-related ill-health is a leading cause of death in the UK and the USA. British children are so poorly nourished they are stunted compared to their European neighbours. So, a daily vitamin supplement might well prevent a kind of mild scurvy or mild rickets, supercharging our bones, skin, hair and immune systems.

Without vitamin C your gums bleed! With it, they don’t! And surely your gums could be even better than they currently are! This is a logical train of thought, helped along by the supplement industry’s suggestions to us.

***

By 1930, around 40 per cent of all nutrition research was dedicated to discovering vitamins, their functions and structures, and how much of them we need.43 Entire research institutes, government health policies and agricultural programmes were reorganised around vitamins – they were the thing to study.fn3

And the more that was discovered about them, the better they seemed.

Use of vitamin supplements soared through the 1940s and 1950s, with vitamins becoming a trusted, ritualised part of family health.44 Healthy people learned to think of themselves as potentially deficient in specific letters, and to see health, growth, mood and resistance to infection as things that could be adjusted by manipulating these tiny molecules. The concept of ‘nutritional insurance’ became widely accepted wisdom in the 1950s, and it’s an idea that has been with us ever since.45 I heard it over and over again speaking to people from the supplement industry: you take a pill not because you are ill, but ‘just as insurance’, in case your diet falls short.

There were very few actual data to show that these well-known, widely used molecules – which prevented and cured diseases and were natural and safe − were more widely beneficial. Of course they were … weren’t they?

In the 1990s, the logic of taking a vitamin got a boost when another far more complicated idea about the importance of dietary supplements took hold in the popular imagination, driven by a combination of early science and enthusiastic marketing.46 The idea was that vitamin supplements acted as antioxidants and were therefore good for us in a new and exciting way. This was a bold choice by the marketers, as antioxidants are biochemically extremely complicated.

Being alive gradually kills you. A huge amount of scientific effort has gone into understanding what causes the cumulative damage of age. Part of the explanation seems to be ‘oxidative stress’. In simple terms your body obtains energy from fuel (fat, sugars and proteins) by burning it. Although no flames are involved, the fuel is combined with oxygen in a process called oxidation, to release chemical energy and heat. Oxidation reactions, whether in a bonfire or a cell, produce molecules called free radicals, which are as exciting as they sound.

Free radicals are missing an electron. As a result, they are so extraordinarily chemically reactive that descriptions usually afford them some kind of agency. Free radicals go around grabbing electrons, and the molecules they’ve taken electrons from then start reacting with other molecules. The result is molecular chaos: damaged DNA and destroyed cellular structures. The accumulation of this damage is what oxidative stress refers to. It shortens the life of cells, contributing to the development of cardiovascular diseases, neurodegenerative disorders, cancer, diabetes and ageing.

So, if oxidation is responsible for all this damage, it might follow that antioxidants could help to prevent it. That’s the idea that marketers of supplements have sold, and it’s a testament to their skill that they have managed to make this concept widely enough understood to sell antioxidants. As well as its role in collagen production, vitamin C is also essential for immune system functioning: it seems to protect white blood cells from the chemical reactions they use to destroy infections – almost as if vitamin C were the equivalent of the ear defenders and safety glasses people wear when firing a gun. It is able to perform this role because it is an antioxidant. Vitamin A (in the form of beta-carotene) and vitamin E are also antioxidants.

If you want to see free radicals in action cut an apple in half. When exposed to air, apples go brown because of oxidation. You can prevent this by squeezing a lemon onto the apple – the vitamin C halts the oxidation reaction by absorbing free radicals. So, you can see the power of the vitamin in your own kitchen. If it can stop an apple spoiling, then it’s easy to imagine that it could keep your body fresh and healthy as well.

***

The wellness industry has been ahead of the science throughout the twentieth century, jumping on cutting-edge research and extrapolating extravagant claims before proper trials can be done to establish whether there are any real benefits.

Vitamins have been a perfect product since their discovery. There was legitimate science showing that they were essential to flourishing and to being alive. Additionally, vitamins were safe and naturally occurring. They could be inexpensively extracted from plants and yeast and oils, and because they seemed to play a role in every aspect of our biology, a very wide range of claims could be made about them.

To be fair to the wellness industry, scientists were excited about vitamins too. Vitamin deficiency diseases had largely been consigned to history in a single generation by food fortification programmes, which had saved huge numbers of lives. Linus Pauling, one of the greatest scientists of the century (he won two Nobel prizes!), endorsed ‘megadosing’ of vitamin C,47,48 arguing that our vitamin C consumption should be high enough to match what other animals produce by themselves – as much as 10–12g a day.

Governments around the world, always looking for ways to improve the health of their ageing populations, were also enthusiastic about vitamins and funded lots of research into their effects.

Even with the enthusiasm of scientists, governments and the supplement industry, the idea that vitamins cure disease and act as antioxidants, and the legions of vitamin-takers, it took until the twenty-first century to ask the really big question: do vitamins make you live longer?

This may sound like an obvious question to ask. Isn’t that what all medicines are for: to make us live longer? But when I was at medical school in the late 1990s, research was just beginning to show that a treatment could ‘work’ – i.e. suppress arrhythmias or normalise blood tests – yet could increase your risk of death.

By the mid-2000s, scientists had begun to focus more on how different therapies affected what is known as ‘all-cause mortality’: what does a treatment for a specific health problem, say arthritis or heartburn, do to your overall chances of staying alive in the long term?

The difficulty with researching all-cause mortality is that you need to study a large number of people for long enough for a lot of them to die, and studies of this nature are extremely expensive. But vitamins were deemed exciting and important enough to get the required funding, and by the late 2000s the results started coming in.

In 2007, a team of scientists including Christian Gluud, a professor at Copenhagen University Hospital, published a paper in a prestigious medical journal analysing how supplements – including vitamins A, C and E, beta-carotene and the trace mineral selenium – affected mortality.49 The team gathered up information from sixty-eight randomised trials of supplements (collectively including almost a quarter of a million participants) and combined the data, effectively giving them a huge trial population of their own. This powerful methodology was one of the reasons their paper was so persuasive.

At the time, there was such enthusiasm in the medical community for antioxidants – the supplements the paper focused on exclusively − that to many it seemed certain that Christian and his colleagues would find a benefit. But the results told a different story.

When I call Christian in 2025, he summarises the findings like this: ‘We looked into antioxidant vitamins and found out that they killed people.’

Christian starts by telling me how unpopular this paper made him and the team: ‘We received threats on our lives. Really, yes. In the middle of the night, strange voices calling up and saying, “Stop doing your work.”’

How seriously did he take these threats? ‘When such threats are expressed, even or maybe especially if you do not know the sender, you cannot ignore them,’ he says. ‘They cause stress. Then as the years went on and the threats did not materialise of course, I realised that they were empty.’

Epidemiologists have to be tough: they are pulling the truth out of billions of data points. It is exhausting, painstaking and often thankless work.

His team’s study was one of the first to challenge the orthodoxy that a daily dose of vitamins and minerals would make people live longer. It concluded that antioxidant supplements, including vitamin C, do not reduce mortality. Even more surprisingly they found that taking vitamin A, beta-carotene and vitamin E could increase mortality.

The study had a huge impact in the scientific world: today it has been cited over 1,500 times. Very few papers achieve this level of recognition. But despite its scale, it wasn’t considered the final answer. The team went back to their analysis as more data from other trials came in. Christian describes persuading his team that they needed to go through every single trial: ‘Three years, very hard work, another seventy trials or so, and when we added everything up, exactly the same thing: 4 per cent increased mortality, highly significant.’50

He pauses down the line from Copenhagen to make sure I am following. ‘And now comes the worst part.’ The team removed anything that could distort the data, and the mortality increased. In their last meta-analysis, mortality increased by up to 16 per cent. ‘We were shocked! We were surprised!’ he says. ‘I remember when we did the first analysis, I said to my colleagues: “Maybe it kills!” And then when we added more trials … then, actually, it did look like it killed.’

The death threats suggested that the body count could get even higher, though to this day the team has no idea where they came from. I don’t know of any cases of supplement-industry-sponsored assassinations, though there is enough money at stake to fund a hit man, I should think.

Whoever was behind the threats, the supplement industry had no need to worry: in the wider world, Christian and his colleagues’ results barely made a splash. Nearly twenty years later we take more and more of these supplements. The scientific evidence and people’s behaviour are completely at odds.

Perhaps this is because many of us might be willing to accept a small increase in our risk of dying sooner if the supplements improved our health in other ways. But other large randomised controlled trials have provided more evidence that we should stop spending money on multivitamin supplements.

The Women’s Health Study tested whether vitamin E and beta-carotene could prevent cancer and cardiovascular disease.51–53 The Heart Protection Study ran from 1994 to 2001 and assessed the effects of antioxidant vitamins on heart health.54 These were both huge, long-duration trials: neither found a reduction in cardiovascular events or cancer incidence. The Physicians’ Health Study II, another landmark trial, evaluated the long-term effects of a daily multivitamin on cancer and cardiovascular disease prevention.55,56 This study did find a modest reduction in total cancer incidence, but no significant effect on major cardiovascular events.

It’s worth remarking here that the people running these trials wanted to find a benefit. Researchers don’t love a negative result: they get into research to find ways of helping people. So, these were not supplement sceptics trying to prove a point – the results were disappointing for them.

These negative results provide an important lesson for anyone looking at the supplement literature today: it’s very hard to extrapolate in medicine. Just because a drug works in cells, or mice, or dogs, or even certain kinds of people, it doesn’t mean that it’ll work for everyone. Just because a drug seems like it should work, doesn’t mean that it will.

How confident am I that vitamin and mineral supplements don’t work – by which I mean, they don’t prevent disease or improve or lengthen the lives of healthy people without vitamin or mineral deficiencies? Every time I feel like I’ve laid the issue to rest in my mind, more headlines appear to unsettle me.

In 2022, the COSMOS trial57 was published, showing that a daily multivitamin did not significantly reduce the incidence of invasive cancer or cardiovascular disease, or affect all-cause mortality. The authors’ conclusions were that their findings ‘do not support’ use of multivitamins for cancer or cardiovascular disease prevention among generally healthy older men and women. This information, which would have been quite useful for the millions of people taking multivitamins around the world, received minimal press coverage.

COSMOS was a large, expensive trial. It followed up 21,442 older people for over three years, and randomised them to a multivitamin, a cocoa extract, both, or neither. It’s likely to have cost well over $100 million. Because such a huge amount of information can be gathered from a study like this, researchers can analyse the data to look for other effects beyond the main questions they were trying to answer, and so several other studies have come out of COSMOS, which have looked at cognition (brain function) and biological ageing.58

‘Daily multivitamin could help slow ageing process’ was the headline of a 2026 article in The Times announcing the results of one of these studies.59 Anyone taking a daily pill would have been reassured: the study was done by good scientists from a good university, and published in a good journal. And unless they had an academic library card, it would have cost them £29.95 to download the actual study, so they’d have had little choice but to go with the reporting on it, which was fairly uncritical.

The study used five blood test ‘clocks’ to measure biological age. These tests are convenient for researchers, and they make money for the companies selling them,fn4 so it would be great if they did work. But there’s no evidence that an improved score on the tests will translate into a longer healthier life.

If we take the tests at face value, and assume they do tell us something meaningful about our health, the most advanced test the researchers used, the DunedinPACE ‘third-generation clock’ generally considered the most sensitive to interventions, showed no significant improvement effect. Only two of the five clocks showed significant (but minor) improvements. The inventor of the DunedinPACE test, Daniel Belsky, highlighting the limitations of our knowledge about these tests, said, ‘People should not read this study and think, Oh, I should take a multivitamin.’

So, the data are not persuasive – and bear in mind that the original study’s authors did not advocate taking multivitamins! But the interpretation of the study in headlines from Good Housekeeping60 to the Harvard Gazette61 was breathlessly enthusiastic.

Three other analyses from the same trial, published in 2022, 2023 and 2024, looked specifically at cognitive decline. This is an area in which we’re all extremely vulnerable: dementia and decreasing brain function as we age are a cause of anxiety for many of us, so headlines like ‘Daily multi-vitamins may improve brain function in older people’62 and ‘Want to slow memory loss after 60? A multivitamin may be the answer’63 are exciting and persuasive. Almost no one has the time or the expertise to dig into the details.

But the benefits these trials found were small: it would be very hard to imagine any individual noticing the improvements in real life. Other studies should make us very cautious about interpreting these results positively: earlier trials have repeatedly failed to find cognitive benefits for supplements.64–67

Furthermore, cognition was not the main thing the trial was measuring. Many trials look for what are called secondary endpoints (i.e. additional effects outside the very specific thing the study was designed to measure) and there can be a danger that if you go looking for lots of things eventually you’ll get a positive result just by chance.

I’d love some good evidence that supplements prevent ageing and cognitive decline as much as anyone, but these studies are a long way from persuading me to spend money on supplements. Around 90 per cent of the participants in the COSMOS study were white, the only multivitamin tested was a single brand (Centrum Silver – the pills were donated by the company) and the trial was funded in part by Mars Edge, the nutrition arm of the Mars company.

There is good evidence that industry-funded studies are more likely to produce results and conclusions favourable to the sponsor’s products.68 In this case the results themselves do not make a good case for taking a multivitamin – in fact, they argue against taking them! – but they have been spun into superb headlines and uncritical coverage. Both Mars and Haleon (which makes Centrum multivitamins) maintain websites explaining the findings to consumers, journalists and healthcare professionals.

It seems impossibly difficult for a non-expert just reading the newspaper and trying to take care of themselves to understand the gap between the claims and the reality.

It’s important to keep studying multivitamins and supplements: perhaps we will find some beneficial effects. But the positive press coverage of the various analyses of the COSMOS trial data does not reflect the reality of the trial’s main findings and creates two dangers. The first is that it may persuade the public to spend more on supplements that are unlikely to benefit them. The second is that these headlines generate enthusiasm for spending public money researching products that are not medically important. The majority of the funding for COSMOS came from the US National Institutes of Health, which is funded with taxpayer money. Is it possible there are more important things to spend $100 million on? If the headlines really captured the reality, that once again a large trial failed to find benefit, the public might feel the question had been largely answered. Multivitamins really don’t seem to work.

***

But why don’t these supplements work? Antioxidant vitamins were sold to us almost as protective charms. They would stop us rusting from within, act as nature’s own preservative. But whether these antioxidant vitamins limit damage or contribute to it depends on many things.

In biology, oxidation is not simply an unwanted side-effect of being alive, an error to be eliminated. Instead, it’s an essential process that is carefully regulated. Many chemical reactions in the body produce free radicals, and although for decades these highly reactive molecules were thought to be purely destructive, the source of oxidative stress, it turns out that they also play essential physiological roles. Cells use free radicals as signalling molecules. The white blood cells of our immune systems generate bursts of oxidative activity to destroy bacteria and shape the kinds of inflammatory responses we use to fight cancer. People with gene mutations that interfere with the regulation of oxidative activity experience severe, recurrent infections. Oxidative chemistry is part of our normal function, and taking large doses of purified antioxidants may interfere with these processes.

In food, carotenoids (from which we get vitamin A) and other antioxidant vitamins arrive in a complex package. They are locked inside plant cells, released gradually and distributed unevenly through the body. They coexist with thousands of other plant compounds that influence absorption, metabolism and signalling, and so their effects are diluted, buffered and modulated.

In this context, carotenoids may contribute modestly to limiting oxidative stress in particular tissues. This could be why diets rich in fruits and vegetables are consistently associated with better health outcomes. But these benefits reflect whole dietary patterns, rather than the action of a single isolated molecule.

When carotenoids are extracted, purified and delivered in large doses, they behave differently. At high concentrations, especially in high-oxygen environments such as the lungs, instead of safely quenching reactive oxygen species, beta-carotene may itself undergo oxidative breakdown and form reactive fragments that can act as pro-oxidants, increasing rather than reducing oxidative stress.69

This is not a purely theoretical concern. In large randomised controlled trials,70,71 smokers given 20–30mg of beta-carotene per day (several times the amount typically obtained from food) were more likely to develop lung cancer than those who didn’t take this supplement (but during follow-up of one trial, the risk was no longer significantly increased). In the SELECT trial,72 dietary supplementation with vitamin E significantly increased the risk of prostate cancer among healthy men. The same molecules that appeared benign, even beneficial, when consumed as part of a complex diet became harmful when delivered as a concentrated supplement.

Multivitamins and mineral supplements run into a similar problem: the isolated chemicals are really effective for treating deficiency diseases, but they don’t seem to behave in the same way as food for a generally well-nourished population. People don’t seem to be able to derive the same health benefits from supplements as they get from a nutritionally complete diet of whole foods.

There is an increasing number of meal-replacement products on the market – Huel being the most famous – that insist they are ‘complete’ foods.73 The idea that a complete diet is simply a list of essential and valuable chemical nutrients is called nutritionism,74 and it dominated nutrition science for much of the twentieth century. But there is an increasing body of evidence suggesting that, for our diets to be genuinely healthy, they have to be composed mostly of whole foods – and varied foods at that.75–77

One of the problems with substituting vitamin pills for food seems to be ‘competitive absorption’ – that is, nutrients interfere with each other. Minerals enter our bodies through transport proteins in the cells of the gut, and because several minerals share the routes in, they can block one another, like too many sheep trying to get through a narrow farm gate, if present in high doses.78 Calcium can prevent iron absorption; zinc can interfere with copper absorption (high zinc intake from supplements has even been associated with copper deficiency). Iron and zinc can also compete under certain dosing conditions, particularly when given as supplements rather than absorbed from whole foods. I interviewed more than one doctor who had seen mineral deficiencies as a direct result of taking mineral supplements.fn5

There may be other reasons why vitamin and mineral supplements don’t seem to work that are not yet understood. It’s possible that large doses of minerals, especially given their absorption problems, may alter our appetites in subtle ways.79 There is evidence that animals are very good at intuitively adjusting their diets to obtain all the nutrients they need,80 and perhaps large doses of pure minerals could interfere with this process. It is plausible that a supplement that causes a surge in one mineral and a fall in another might trigger us to overeat in the search for more nutrients, or undereat in ways that aren’t healthy, although there is no strong evidence for this.

Over the decades since Christian’s team’s first paper, hundreds of millions of dollars have been spent on large trials, meta-analyses and systematic reviews, and they have almost all come to
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