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Introduction
I am not a health professional, nor an academic. Forty years of living with PKU means that I could be considered an expert through experience. However, while researching for this book, I came across aspects of the treatment of PKU which were new to me.
My approach to PKU and its treatments is continually developing. While I have tried to be objective and honest, my research is that of an amateur. I have included references throughout the text and in the bibliography. Please do use them, and remember that advances in research will soon outpace this book. 
In fact, I hope this book will become obsolete. That it will one day be an interesting snippet of social history which documents how someone used to live with PKU, before advanced treatments consigned restricted diet therapy to medical history.
This book contains advice for meals, but it does not have recipes. These remain on my website because the phenylalanine (phe) analysis of foods, and recipes for commercial products, are continually updated, meaning a recipe’s phe content will often change.
This book can be read from cover to cover, or you might prefer to dip into the different chapters. Please use the table of contents to guide you to a section of interest.
 

Disclaimer
This book should not be relied upon for medical treatment. Always speak to a health professional before making any changes to restricted diet therapies, or to any treatment plan.
 
A note about language & PKU
The language of older published papers regarding Phenylketonuria (PKU) can be uncomfortable to read, as they use ‘mental retardation’. Now, we would avoid this by using the terms ‘cognitive difficulties’ or ‘cognitive disabilities’.
There also used to be a classification of individuals with cognitive difficulties into categories, which include ‘imbecile.’ While these are difficult terms now, they were medical terminology at the time. This book avoids such phrases in favour of modern, and more sympathetic, terms. 
PKU restricted diet therapy
For years, I said ‘my diet’ when explaining PKU or discussing the requirements of the condition. Now, everyone is on some form of diet; yet PKU stands apart. As a medically prescribed treatment, it more  akin to diabetes than any of the above.
The restricted PKU diet is a prescribed medical therapy, where restricting food is a key part of the treatment. PKU is not a choice made because it helps one lose weight or ‘just feel better, y’know’. It is not a fad or a choice, it is a medically regulated treatment. For this reason, I use the term ‘PKU restricted diet therapy’.
I realise it is a bit of a mouthful, but then so is managing PKU.
 
 
 
 

Part one: What is PKU?
 
 

1. What is PKU?
I have been asked that question many times; by friends, colleagues, teachers, hospitality workers… I’ve even briefed medical staff on the ins & outs of PKU. There was a nurse sitting in at one of my clinics who wasn’t aware of PKU. The consultant asked: ‘Pauline, how would you describe PKU to my colleague?’
‘I have Phenylketonuria, which is usually abbreviated to PKU.
PKU is an inherited metabolic disorder, with an incidence in the UK of approximately 1 in 10,000. Not all mutations result in fun super-powers, but dealing with PKU takes a heroic effort.
I inherited a mutated gene, which means my body cannot produce a particular enzyme which breaks down phenylalanine, one of the essential amino acids. Amino acids are the building blocks of protein, so I have to dramatically restrict the amount of protein I eat every day. If I eat too much protein, the amino acid which I can’t process builds up in my blood like a toxin affecting my neurological and central nervous systems. Ultimately, too much protein in my food can lead to brain damage.’
At this point, most people say: 'What did you call it again?’
Occasionally, it is easier to start the explanation with: ‘You know that warning on the back of soda cans “May contain Phenylalanine?” Well, it’s me that they are warning.’
The next question is usually: ‘Which foods have too much protein for you?’
‘I can’t eat meat, and yes, chicken and bacon are both meats. No fish, eggs, cheese, or dairy products. I can’t have the vegetarian staples of Quorn, soya, and legumes like chickpeas, peas, & beans. They all have too much protein. I can eat most vegetables, but some of them, like potatoes, I can only have in restricted amounts.’
At some point, someone will again ask: ‘Why you can’t eat all that?’ 
‘Because I’ll get brain damage.’
‘Yeah, but, like, why can’t you save up and have a steak one night?’
‘Nope, it doesn’t work that way.’
Or when trying to find a restaurant we can all eat at. ‘Can’t you have one night off?’
‘It doesn’t work that way either.’
‘Yeah, but…’
‘I can’t have a night off. It doesn’t matter if it is your birthday or Christmas. If I eat too much protein, then this amino acid will build up in my blood and harm my brain.’ For some reason, even though this isn’t my fault, even though it is more difficult for me than for them, for some reason I will then say “sorry”.
It is nobody’s fault that we were dealt this hand. There was nothing our parents or grandparents did, or didn’t do. It just is what it is. And it sucks. All we can do is make the best of it, and press for better treatments.
Inherited Metabolic Disorders
You may have noticed the phrase inherited metabolic disorder (IMD), above. There are hundreds of different IMDs, and most are caused by the reduced or missing activity of a single enzyme. PKU is one of the most common of these conditions, and it can be treated. Not all IMD’s currently have a treatment.
In the US, and other countries, IMDs are called inborn errors of metabolism (IEM). For the rest of this book, I will use the term inherited metabolic disorder or IMD.
 
Frequency of PKU in the population
The incidence of PKU varies across different genetic makeups. A paper published in 2020 looked at the global incidence rate of PKU. The researchers found an average rate of 1 person with PKU in every 23,930 (1:23,930) births (Hillert, A et al., 2020). 
However, the paper also found a marked variation in the incidence of PKU across different ethnicities. The number of people with PKU varies from as common as 1:4,500 births in Italy down to as rare as 1:125,000 for someone with Japanese ancestry. In Europe, which published PKU treatments guidelines in 2017, the incident rate which is accepted and used is 1:10,000. It is this rate which I will use in the book.
The mechanism of PKU
The food that you eat is broken down in the body. The main mechanism by which the amino acids in protein are broken down is by enzymes. Each amino acid has its own specialised enzyme which breaks the amino acid down into constituent parts. These parts are either used by the body in essential metabolic processes, or discarded in urine or faeces.
In PKU, the three organic compounds in the body of most interest are:
	The ‘PKU’ amino acid: phenylalanine (phe)

This is an amino acid, which is one of the building blocks of protein in all the food which we eat. It is considered an essential amino acid as the human body does not make phe, so we need to eat it as part of our diet.
	The enzyme: phenylalanine hydroxylase (PAH)

This is the enzyme which is produced by the human body to break down the amino acid phe. If PAH is impaired or missing, as in PKU, then phe is not broken down and remains in the blood stream. Over time, the phe in the blood stream can rise to dangerously high levels.
	Another amino acid: tyrosine

When the enzyme PAH breaks down the amino acid phe, tyrosine is one of the products. This means that someone with PKU may not be able to make much tyrosine in their body. Tyrosine is also available in some foods. Sadly, these are mostly high-protein foods which are not suitable for the PKU restricted diet therapy. However, watercress is phe-free and has a relatively high level of tyrosine, as do okra and courgettes (SelfNutritionData, 2018). 
This is the mechanism by which people with PKU end up with abnormally high levels of phe in their blood. They don’t have enough of the enzyme PAH to break down the phe from the protein in their food. This phe which isn’t broken down builds up in the blood, and the production of tyrosine in the body is impaired. High levels of phe in the blood can cause damage to the brain.
Why are high phe levels in the blood a problem?
As you know, a circulating blood supply is important for all the organs in our body, including the brain. The blood carries into the brain the oxygen, energy, and nutrients which it needs, and it takes away carbon dioxide and other waste products.
The brain is so essential that it is currently the only known organ of the body which has a protection mechanism, a security system if you like. This is known as the blood/brain barrier, and it is a network of tightly packed blood vessels. This network allows the entry of the essential items which the brain requires, e.g., glucose and oxygen. The blood/brain barrier also prevents harmful substances, like bacteria, from passing from the blood into the brain.
Because the amino acid phe is an essential nutrient, the blood/brain barrier doesn’t recognise it as harmful and allows it to cross. This is fine if the blood arriving at the barrier has a normal level of phe. However, if the blood has a high level of phe, then more phe will cross the blood/brain barrier than the brain can handle. This is where the problems start.
PKU was identified due to the correlation between high levels of phe in the body, and severe cognitive impairments in the brain. Early in the discovery of PKU, researchers found that reducing the level of phe in someone with PKU reduces the level of cognitive disability. There is more on this in the chapter How was PKU discovered?.
However, this is not the only mechanism by which high levels of phe may cause damage. High levels of phe at the blood/brain barrier increases competition for other molecules which need to cross. This competition means that there are lower levels of some essential molecules crossing the blood/brain barrier. There is more about the barrier in the chapter What causes the symptoms of PKU?.
Another mechanism though which high phe levels may cause damage is the disruption of signals in the brain. Neurons (brain cells) ‘talk’ to each other using signalling molecules called neurotransmitters. You may have heard of some of these, like serotonin or dopamine. High levels of phe in the brain may be able to disrupt some of these neurotransmitters (NPKUA, 2022). The signals the brain cells are sending out don’t get to where they should be, which disrupts the normal function of the brain. You can find more on the specific effects of the disruption of serotonin and dopamine in the chapter What causes the symptoms of PKU?.
(As a side note, I received a separate brain injury from football. It led me to learn a great deal about the nature of brain damage, which I’ve written about in a previous book: Living with Mild Brain Injury.)
Different types of PKU
The amount of protein which people with PKU are allowed to eat will vary considerably from one individual to the next. This is because PKU is caused by an inherited mutation. Variance in the mutation means that everyone’s PKU is a little different, and will have slightly different impairments to the PAH metabolism.
One research paper found more than 950 PAH gene variants (Blau, 2016). This huge number of variations means the amount of enzyme PAH which each person with PKU can make is different. In turn, this means each person can tolerate different amounts of phe in their diet. For more on the types of PKU, see Diagnosing PKU today.
Untreated PKU symptoms
This is a terrifying list for someone newly diagnosed, or who is currently not on a course of treatment. The key here is that these are the symptoms where someone with the most severe type of PKU is not treated, i.e., is eating a fully normal diet.
The most severe symptoms which may present in untreated PKU are:
	behavioural difficulties such as frequent tantrums;

	learning disabilities;

	eczema; perhaps a musty smell to the breath, skin, and urine;

	epilepsy, or jerking movements in arms and legs, or tremors;

	fairer skin, hair, and eyes than siblings without PKU. (Source: NHS, 2022)

Thank heavens for a treatment
PKU was not always treatable. In fact, PKU was only discovered within living memory. Sadly, the restricted diet treatment is difficult to stick to at all times meaning most of us will be familiar with some symptoms of high phe. But it is good to remind ourselves of them. We might be putting up with something not realising we can fix it!
Symptoms of high blood phe in treated PKU:
	anxiety, and/or depression;

	brain fog, slowed processing of information;

	difficulty with decision-making, problem-solving, and planning;

	difficulty controlling moods, particularly anger, irritability and frustration;

	inattention, problems with memory.

(These symptoms are sourced from personal experience and from others with PKU.)
As noted above, people with PKU traditionally have fairer hair and eyes than siblings. This has always led me to think of the ‘dumb blonde’ stereotype. Before treatment was available, people with severe PKU would have ailed rapidly.
Even those with mild PKU will have suffered continuous cognitive decline, and were likely to have had a lower IQ than average. Were people with untreated PKU the origin for the stereotype of the dumb blonde? Were they doomed to be the village idiot?
Fortunately, that is not the destiny for those with PKU today. This is thanks to the curiosity of a Norwegian chemist in the 1930s, and to a determined group of people in the 1950s, in Birmingham, UK.
 

2. How was PKU discovered?
As an inherited trait, PKU would have been a part of society for hundreds of years. However, it wasn’t diagnosed until after the First World War. The discovery of PKU is due to the persistence of a mother, and the curiosity of a chemist.
Borgny Egeland gave birth to her first child, a girl, in Oslo in the late 1920s. Her daughter was initially healthy, but the child’s development soon lagged considerably behind her peers. Borgny’s doctor advised that her daughter’s development would soon catch up, so the Egeland family waited.
Several months later, Borgny welcomed a second child. Her son was also born healthy, but soon exhibited the same intellectual disabilities as his sister. The boy’s disability progressed at an increased rate, and Borgny was impelled to act. Along with intellectual impairments, the children shared a peculiar smell, difficulty walking, eczema, and fair hair.
By 1934, Borgny had visited many doctors and specialists for an answer as to why her healthy children had both become intellectually disabled. None had been able to diagnose her children, let alone treat them. She refused to accept this lack of explanation, and was convinced that there was a link between her children’s disabilities and their other characteristics. While investigating the odd odour, her persistence led her to the door of Dr. Ivar Asbjørn Følling.
Dr Følling was both a chemist and physician. Whereas today, most doctors will have some knowledge of chemistry, this combination was rare at the time. Dr Følling also held a professorship in nutrient research at Oslo’s University Hospital.
The mysterious green test result
Dr Følling was aware that problems with metabolism could lead to disabling conditions. But his first medical examination of the Egeland children did not offer any clues. Dr Følling then turned to chemical examination of the children’s urine. At the time, diabetes was detected via the addition of ferric chloride to urine. A change in colour to purple or burgundy indicated a positive result for diabetes. Diabetes was not suspected here; nevertheless, Dr Følling conducted the test. The records aren’t clear on why, perhaps he was going through a standard process of eliminating the knowns before investigating further. Whatever his thought processes, Dr Følling did find something.
The addition of the ferric chloride turned the urine of the Egeland children a deep green colour. It was not diabetes, but something was certainly odd. Dr Følling had never seen this reaction before, and he could find no similar reactions reported by colleagues or in research studies. After establishing that this was not simply a contaminated batch of urine, or caused by any of the medication, Dr Følling was able to conclude that the two children were producing something unusual in their urine.
At last, something was happening in Borgny Egeland’s long search for answers. She carried litre upon litre of her children’s urine to Dr Følling's lab as he doggedly tracked down the reason for this mysterious colour change. It took several months, but eventually phenylpyruvic acid (PPA) was identified. PPA is not supposed to be in human urine, so why was it there?
Extent of the problem
The chemist side of Dr Følling had identified the substance. Now, the physician side of Dr Følling took over to establish the extent of the condition. He tested 420 patients in local institutions, and found eight individuals with cognitive disabilities who also excreted PPA in their urine. This may not sound like many patients, but it is actually a very high rate. Eight in 420 equates to an incidence of roughly 190 in 10,000. In comparison, the current UK population has a PKU rate of 1 in 10,000.
Dr Følling noted that these patients also tended to have similar symptoms to Borgny Egeland’s children: a peculiar musty smell, a fair complexion, difficulty walking, and eczema. He was collecting more data about the symptoms and incidence of his new-found condition.
These further investigations also suggested that this condition had a genetic link. Along with the original Egeland children, Dr Følling discovered several sets of siblings who shared the same problems. Moreover, some of these sets of siblings were from the same extended family, with closely related parents. This seemed too much of a coincidence, so Følling postulated that the condition must be hereditary.
First publication and names
Dr Følling published his initial findings in 1934, and gave this new condition the name Imbecillitas Phenylpyrouvica (Følling and Closs, 1938). This name would not be considered appropriate today, but it was chosen to reflect the main symptoms of the new condition; cognitive disability, and PPA in the urine.
Following the publication of Dr Følling's work, other medical professionals began to look for PPA in the urine of their patients with cognitive disability. As they found new cases, and wrote up their findings, they used various names for the condition. Along with Imbecillitas Phenylpyrouvica, the condition has also been called Oligophrenia Phenylpyruvica, and Følling’s disease, in honour of the man who discovered it. I have not found any instance of a name which honoured the woman whose persistence sparked the whole discovery, Borgny Egeland.
This book will use Phenylketonuria, and the abbreviation of PKU. For information on other names for PKU, see Other names for PKU in the Resources section.
PPA and phenylalanine
Phenylpyruvic acid (PPA) had been identified in the urine, and gave this new condition its name. But how did it get there? There must have been an unusual mechanism in the metabolism of these patients which meant they produced PPA in their urine.
It was known at the time that PPA is a derivative compound of the amino acid known as phenylalanine (phe). For this reason, Dr Følling suggested that the PPA was excreted by the patients because they were unable to metabolise phe. Note: while I have found several papers which refer to this conclusion in Følling's original paper, I have not been able to find nor read the original paper to confirm.
Dr Følling theorised that an inability to process phenylalanine would mean that it accrued in the patient’s blood to abnormally high levels before being broken down into PPA and excreted. We now know that his hypothesis was correct, but how did he prove it? 
There was no test at the time which would allow Dr Følling to test the blood phe levels of patients. He decided to invent one. We have already seen that Dr Følling could think outside the box when he conducted a test for a condition which had already been ruled out. Now, he worked with a bacteriologist to find a strain of bacteria which could detect phe in the blood. Using this new diagnostic tool, Dr Følling was able to show that those patients who were excreting PPA in their urine, also had high levels of phe in their blood.
Dr Følling’s early work established the existence of a new condition, its accompanying symptoms, and proffered a diagnostic tool. Following the publication of these initial findings, other professionals around the world began testing for, and finding, further incidences of PKU.
Dr Følling also continued to work on this new condition. He established that the genetic trait was recessive, and theorised on the possibility of detecting carriers. Sadly, despite all this work, there was still no treatment for PKU. Newly diagnosed patients had the comfort of a name for their impairment, but nothing more.
Borgny Egeland’s children did not benefit from their pivotal role in the advancement of medical science. Sadly, the son died young, while the daughter lived into her forties in an institution. The world had to wait another twenty years for the development of a treatment.
 

3. Pioneers of the first PKU Diet
This will be a brief overview of how the dietary treatment for PKU was developed. The reason for this brevity is that there is a comprehensive account in Professor Anne Green’s book, Sheila, which I highly recommend for those interested in the history of PKU. 
This is another PKU story with several lucky coincidences, and it begins in Birmingham, UK, in the 1950s.
Impressing the boss
Twenty years after the discovery of PKU, and despite the development of a simple diagnostic test, screening for PKU was still not routine. At this time, a Dr. Horst Bickel started at the Birmingham Children’s Hospital. His PhD had been in Aminoaciduria, or the study of unusual proportions of amino acid indicators in urine, and the chromatographic techniques required to measure them. 
One morning, during the ward round, he asked his boss why the hospital was not testing for PKU. It proved a timely question, and a testing programme soon began. The team found a positive result on the third test. Given the rarity of the condition, this was an extremely lucky occurrence. How did that come about?
A mother’s persistence
Mary Jones was, at the time, a mother of three in Birmingham. Her two older children were healthy and had developed normally. This experience with two healthy children meant Mary knew that something was impairing the development of her third child, Sheila. Concern led her to her local doctor, who in turn referred Sheila on to the Birmingham Children’s hospital. 
At the first examination, Sheila seemed to have some symptoms of this new condition. There was a bit of a delay, but eventually the hospital was able to test her urine and confirm that Sheila had PKU.
The team at Birmingham Children’s Hospital were thrilled to have discovered a patient with this condition so quickly in their trial. Mary Jones was more interested in a treatment for her daughter, and simply would not accept that there was no therapy for this rare condition. It was her persistence which drove the doctors to develop a treatment for PKU.
Why restricted diet?
The understanding of the mechanism behind PKU was very limited at the time. Most of it was speculation rather than proven fact. For example, it wasn’t known if the cognitive disabilities were caused by an excess of phe in the blood. They might have been caused by a deficiency of tyrosine, another essential amino acid which is produced when phe is metabolised. Alternately, the cognitive disabilities may not have been caused by the problems with phe metabolism. Could both the high phe levels and the disabilities be caused by another factor in the genetic inheritance? The team treating Sheila had to make their best guess.
A few years earlier, during his PhD, Dr Bickel had run a small trial to investigate the possibility that tyrosine deficiency caused the disabilities. The mechanism had not been proven, so the team turned to their other possibility; that the difficulties were caused by an excess of phe in the blood. With this as a working hypothesis, a logical step would be to assume that reducing or removing phe from Sheila’s diet would improve her condition. 
The two options available were to synthesise a completely phe-free food from scratch, or to remove phe from existing food items. The first option was prohibitively expensive, doubly so in a UK still undergoing food rationing following the Second World War. Thus, a restricted diet therapy became their focus. It is hard to escape the fact that the financial costs of a treatment has been a factor in PKU therapy right from the very beginning.
Removing phe from the diet
Adjusting the amino acid level in food was not entirely unprecedented. A method for removing phe from natural protein had been developed in the United States. This was achieved by first breaking a natural protein down into the constituent amino acids, and then filtering out the phe. However, this was the first time anyone had attempted to remove phe from food for the purposes of treating PKU. Fortunately, there was a source of expertise closer than the US; in London.
Dr Louis Woolfe
Dr Louis Woolfe worked at Great Ormond Street Hospital. He had experience in breaking down a milk protein into constituent amino acids to treat malnutrition. Dr Woolfe had already realised his technique may be useful in treating PKU, but had yet to find an opportunity to do so. When contacted by the team at Birmingham Children’s Hospital, he shared his expertise with Dr Hickman and her team in the hospital laboratory.
Dr Evelyn Hickman
Dr Evelyn Hickman had established the Biochemistry laboratory at Birmingham Children’s Hospital in 1923. Dr Hickman was a formidable lady who gained a scholarship to Birmingham University, and was one of only 27 women to study there in the 70 years before 1949. She gained a Bachelor degree in Chemistry, which was soon followed with a Masters. She then went to another university, where she formed an interest in dietetics, which she then lectured on at a third university.
Dr Hickman poured her knowledge and experience into setting up the Birmingham Children’s Hospital laboratory in the inter-year wars. Alongside the demands of setting up and running the Biochemistry laboratory, she returned to Birmingham University and gained another Masters, this time in Biochemistry, and finally a PhD in Physiology. (I would dearly like to be the lazy kid on a group project with Dr Hickman.)
By 1951, when Mary Jones was pressing for a treatment for Sheila, Dr Hickman was running one of the few labs in the country capable of performing chromatographic diagnostic tests in a hospital environment. Her unique work, accompanied by a mostly female staff, held a critical role in both diagnosing Sheila, and in the development of a brand-new treatment.
The foul formula
The team filtered a protein derived from milk through activated charcoal to remove phe. This also removed several other essential amino acids from the formula, which then needed to be replaced. Through trials in the early treatment of Sheila, the team discovered that a completely phe-free diet was not a good treatment for PKU. Sheila’s blood phe levels plummeted, and she soon swung from having far too much phe in her blood, to having far too little. The team discovered that Sheila needed a small amount of phe to prevent her body from breaking itself down (see Catabolism for more).
This was the discovery of something which everyone with PKU will now be familiar with. The need to keep our diet within that ‘Goldilocks zone’ of not too much phe, and not too little. Phe must also be ingested evenly across the week, and even across the day. We cannot simply save up all the phe allowance for a Friday night pub visit.
I have already shown how formidable Dr Hickman was in not allowing social norms, sexism, nor even two World Wars, prevent her from achieving her goals. She was no stranger to adversity, yet even she described the diet as both monotonous and distasteful (Green, 2020). Seventy years on, the formulas available for restricted diet therapy have evolved markedly. Yet, as I write this while trying to mask the taste of a lunchtime PKU supplement, that verdict brings a wry nod.
An epic endeavour
Despite the difficulties of adhering to the PKU diet, I do think of the persistent parents and the dedicated doctors & scientists who made a treatment possible.
	Borgny Egeland and Mary Jones who tirelessly sought help for their children.

	Dr Følling who agreed to help, and discovered a condition new to science.

	The coincidence of bringing a PKU child to a hospital where a new employee with experience in the field had recently set up a screening programme.

	That the hospital had a laboratory capable of conducting the accurate tests required for diagnosis and in developing treatments.

	The courage and persistence which Mary Jones had to stick with a treatment which would have unknown effects on her child. 

	The skill and audacity of the doctors and scientists to delve into the unknown, and develop a new diet therapy in the midst of post-war rationing.

I am thankful that all these things came together to ensure that future generations of PKU children were not automatically consigned to poor IQ, dismissed as having bad brains, or dealt a life of institutions. I remain grateful, while hoping for more.
Sheila’s fate 
Sadly, adherence to the restricted diet caused significant difficulties for Sheila’s family. Mary and her other children suffered due to the burden of the treatment. When Sheila was five, her diet deteriorated, and was eventually discontinued. The Jones family were forced to move, and lost contact with the team at Birmingham Children’s Hospital Following her pivotal role, Sheila was lost to science for more than 30 years. 
In 1987, an initiative which tested for PKU in mental health hospitals around Birmingham received a positive result for a 37-year-old woman named Sheila Jones. It was established that this was the same woman who had been so integral to advancing the understanding of PKU as a child. An attempt was made to return Sheila to the diet, but her cognitive disabilities were too great, and the attempt was abandoned.
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