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Abstract 

Introduction: Phenylketonuria (PKU) is an inborn metabolic disease that affects phenylalanine 

catabolism. Early diagnosis and prompt treatment initiation are crucial for positive outcomes. More 

than 80 years have passed since the discovery of PKU. Now, more treatment strategies are available 

and the European and American PKU guidelines help to systematically assess the outcomes 

associated with the new or established treatments. 

Areas covered: A definition of PKU is presented and the evolution of the management practices 

since the first treated child by Dr. Bickel, in the early 1950s. The differences between early and late 

diagnosed patients are highlighted, mainly in terms of the ‘Two Worlds of PKU’. A section dedicated 

to adherence compliance is presented, underlining that particularly in adults, this is a challenging 

issue. Dietary and pharmacological treatments are discussed. 

Expert opinion: The concept of treatment for life is more consensual. We need to optimize 

monitoring and how patients can manage their disease in their day to day life.  A deeper 

understanding is needed on metabolic impact of treatment. Good examples are microbiota and 

glycomacropeptide. We need to continue studying the impact of adjunct treatments such as BH4, 

while anticipating the impact of alternative treatments such as PEG-PAL.  

 

Key words 

glycomacroptide, newborn screening, PEG-PAL, phenylalanine, Phenylketonuria, protein substitute, 

sapropterin 
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Article highlights box 

• Early diagnosis and treatment of PKU are mandatory to prevent severe intellectual 

impairment.  

• Dietary treatment is complex and adherence is commonly sub-optimal. 

• Availability and diversity of treatment options have increased in recent years with the aim of 

improving treatment adherence and long-term outcome.  

 

1. Introduction 

Phenylketonuria (PKU) is an inborn error of amino acid catabolism. This autosomal recessive 

disorder is usually caused (in 98-99 % of the patients) by an altered phenylalanine (Phe) 

hydroxylation into tyrosine (Tyr), resulting in increased blood Phe/Tyr ratio [1]. This condition can be 

attributed to at least 1044 different Phenylalanine Hydroxylase (PAH) variants, according to the 

PAHvdb - Phenylalanine Hydroxylase Gene Locus-Specific Database (BIOPKU, 

http://www.biopku.org, accessed 11th June 2018) [2]. A minority of patients may have a pathway 

defect either at the synthesis or regeneration of PAH cofactor, tetrahydrobiopterin (BH4). For the 

purpose of this review, only PAH defect will be addressed, excluding BH4 deficient conditions and 

also hyperphenylalaninemia resulting from DNAJC12 deficiency, the co-chaperone responsible for 

the proper folding of PAH [3]. 

One of the most successful stories of the recent medicine started almost one century ago. In 

Norway, in the late 1920s, two children were born from the Egelands family. Both children were 

intellectually impaired and parents noted a characteristic urine musty odour. The parents brought 

the children to Dr. Asbjorn Folling, a Norwegian physician who was particularly interested in diabetic 

ketoacidosis [4, 5]. The detection of the phenylpyruvic acid in the urine of these children allowed Dr. 

Folling to first describe the biochemical disorder associated with mental retardation. The name PKU 

was then given to this condition by Lionel Penrose, who was able to visit several institutions with 

mentally retarded individuals. He was finally able to identify PKU as an autosomal recessive disorder 

[6].  

The main finding in the pathobiochemistry of PKU is the systematic blood Phe increase. In parallel, 

due to its normal-low blood concentrations, tyrosine and the other large neutral amino acids (LNAA) 

are unable to block the higher affinity of the Phe at the blood brain barrier large neutral amino acid 

transporter 1 (LAT-1). As a direct consequence, Phe concentration increases in the brain, 

simultaneously with reduced brain concentrations of all other LNAA [7]. In addition to direct brain 

Phe toxicity, impaired neurotransmitter and protein synthesis are important hallmarks of the brain 

physiopathology [7]. Brain damage pathogenesis is not fully understood in PKU, but the clinical 
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presentation is particularly evident in untreated patients. The severe untreated forms typically 

present with moderate to profound intellectual developmental disorder (IQ ≤50), mousy odour, 

eczema, alopecia, skin problems, reduced growth, microcephaly and neurological impairments, like 

epilepsy, tremor, spasticity of the limbs and EEG abnormalities [8]. Both early and continuously 

treatment is able to eradicate this clinical picture, while subtle neuropsychological issues remain in 

some patients [9].  

 

2. Evolution of the PKU management practices in the last 2-3 decades 

2.1. Dr. Bickel’s approach and the progress to the present  

In PKU, a low Phe diet was first given to a 2-year-old child with PKU at Birmingham Children's 

Hospital by Bickel, Gerrard and Hickman’s and reported in 1953 [10]. The child had severe 

developmental problems; was unable to stand, walk, or talk; and spent her time groaning, crying and 

head banging. During treatment with a low Phe diet there was a gradual improvement in the child's 

mental state. She learnt to walk, crawl, stand, climb on chairs, ceased head banging and her hair 

grew darker. Throughout the decades, the goal of dietary management has remained the same i.e. 

to maintain plasma Phe levels within recommended target concentrations, while maintaining 

adequate nutrition for normal physical growth and neurocognitive development. This diet restricts 

natural protein and supplements with a synthetic protein substitute, vitamins and minerals. In the 

1950’s and 1960’s, the importance of dietary treatment was gradually accepted although there were 

concerns about protein deficiency (e.g. anorexia, diarrhea and anemia) which was commonly 

observed.   

In the 1960’s, PKU was the first disorder identified through universal newborn screening 

programmes, which permitted prompt and early implementation of dietary treatment, lowering 

blood Phe levels, resulting in the prevention of the main symptoms of the disease [11]. In the early 

1970’s, there was controversy regarding management. Many doctors considered that the brain was 

fully developed, and so high Phe intake was no longer harmful leading to dietary discontinuation 

from the age of 6 years in some countries [12, 13]. However, as early as 1966, it was reported that 

exposure to elevated blood Phe was associated with declining intelligence quotient, so some 

professionals advocated diet continuation [14]. Also, there was concern about maternal PKU 

syndrome, so it was considered important to recommence diet prior to pregnancy and this was 

universally supported [15, 16]. Lifelong treatment is now recommended for all people with PKU [17, 

18]. Even when it was finally accepted that treatment should continue until at least adulthood, 

substantial relaxation of dietary treatment was permitted from adolescence. It is only in recent years 

and reinforced by the recent European and USA guidelines that lifelong treatment is advocated 
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although there is a variable upper target blood Phe in adulthood (360 µmol/L, USA; and 600 µmol/L, 

Europe) between the USA and Europe [17, 18].  

There have been many advances in dietary treatment. The range, presentation and palatability of 

protein substitutes have increased, and the number of special low protein foods improved. Dietary 

management is challenging and burdensome for many patients and families. It is known that dietary 

adherence deteriorates with age, and with early dietary treatment severe intellectual disability is 

prevented, patients with PKU are still reported to have a lower IQ, deficits in their executive 

function, depressed mood, generalized anxiety, decreased positive emotions, and phobias [19, 20, 

21, 22, 23]. A list of the main barriers to treatment is presented in Table 1. 

This has led to interest in identifying new ways of managing this lifelong condition. In 1999, it was 

observed that pharmacological doses of BH4 could increase the activity of PAH and reduce blood Phe 

levels [24]. This was followed by the development of sapropterin, a synthetic 6R-epimer of BH4 

[(containing 6R)-L-erythro-5,6,7,8 tetrahydrobiopterin] which is the first pharmacologic treatment 

for PKU [25, 26, 27, 28]. The effect is believed to be due to sapropterin's chaperone function leading 

to improved folding and increased stability of the mutant protein [29]. Hypothetically, it should be 

more effective in individuals with milder forms of PKU with residual PAH activity than in individuals 

with negligible to no enzyme activity [30]. It is a simple and effective oral therapy that improves 

control of blood Phe levels and improves Phe tolerance in 20 to 50% of individuals with PKU.  

Other treatment strategies include the use of large neutral amino acids (LNAA) and 

glycomacropeptide (GMP), a low Phe protein substitute derived from cheese protein [31, 32, 33]. 

LNAA block uptake of Phe from the intestine and at the blood brain barrier [34, 35]. They are being 

used in a minority of teenagers and adult patients who are unable to adhere to diet in some 

countries [36]. Both GMP and LNAA require further safety and efficacy studies [37]. Other treatment 

strategies such as phenylalanine-lyase modified with polyethylene glycol (PEG-PAL, Pegvaliase) has 

recently been approved by the FDA. It appears effective in lowering blood Phe concentrations, it is 

administered by daily subcutaneous injection but does cause immunological reactions in adults with 

PKU [38].  

Although significant progress has been made with PKU management, further progress is required in 

improving interventions, standardizing management to ensure there is equity of diagnosis and 

treatment access throughout Europe. There are many issues and unknown factors facing adults as 

they reach advancing years. Persistent failure to collect multi-centre, longitudinal registry data 

throughout life has led to adults with PKU facing many poorly defined and unresolved issues. There 

is a need for robust ongoing care systems for adult patients with PKU, with many adults remaining in 
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pediatric care, having poor understanding of their condition or they are lost to follow up. Overall 

little is known about the impact of PKU on aging, mental and nutritional health.   

2.2. The “Two Worlds” of PKU in the 21st century 

Screening programs are often run by state or national governing bodies with the goal of screening all 

infants. PKU screening is essential to ensure early implementation of treatment and thereby to 

prevent severe neurological impairment. Successful screening programmes require government co-

operation and funding, health professional education and collaboration, robust infrastructure with 

systems to ensure that blood is taken from all newborns, well equipped laboratories, and education 

of the public [37, 39]. It is essential that children with a positive newborn screening (NBS) test are 

referred to a centre with expertise in treating PKU. However, PKU screening and management 

practices vary worldwide. Different government health care systems and insurance schemes support 

varied treatment packages for PKU; with wide disparities in the availability of protein substitutes, 

special low protein foods and pharmacological treatment such as sapropterin.  

2.2.1. Newborns with PKU diagnosed by newborn screening (NBS) 

The aim of NBS is that individuals are treated immediately after confirmation of a diagnosis following 

a positive NBS test in early infancy. NBS typically uses blood taken from a heel prick absorbed onto a 

blood spot card which is then transported to a screening laboratory for analysis, mainly by tandem 

mass spectrometry (MS/MS) [40]. The timing of NBS is variable. This is anything from 24 hours to 5 

or 6 days after birth, but ideally treatment should start by 10 days of age [37]. There has been 

considerable success in introducing NBS in PKU with most of Europe now has NBS (except Malta and 

Montenegro) [40, 41]. Finland has a very low incidence of PKU and initially it was found in only 

screened infants of Swedish origin. However, due to high immigration, they started NBS in 2015 [42]. 

There is also extensive national NBS coverage with the availability of MS/MS in countries such as 

China, Mexico, Argentina, Ecuador, Peru, and Bolivia for PKU [40].  

2.2.2. PKU Infants not diagnosed by NBS 

Untreated, PKU leads to global intellectual disability, significant delays in developmental milestones, 

hyperactive behavior with autistic features, seizures, eczema, musty body odor, and light 

pigmentation (eyes, hair and skin), causing substantial lifelong disability [43]. If treatment is started 

within the first 3 weeks of life, irreversible intellectual disability is prevented. Most early treated 

children, who have commenced diet by 4 weeks of age fall within the broad normal range of general 

ability, attain expected educational standards and lead independent lives as adults. There is very 

little improvement in IQ if treatment is started after the age of seven years [37], although they may 

have improvements in behavior and quality of life.    
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Although the presence of NBS is increasing, several countries either do not offer NBS for PKU or can 

offer it to part of their population. Several countries have pilot testing for PKU but still do not offer 

national screening. These include countries such as: Bangladesh, Indonesia, Pakistan, and India who 

struggle to secure government support. There is no NBS in countries such as Cambodia, Mongolia, 

Nepal, Sri Lanka or El Salvador [40]. In other countries NBS is only available through the private 

sector. This includes countries such as Bolivia, The Dominion Republic and Colombia [40].  

 

2.3. The guidelines and the issues of the PKU real world  

Since the early years of PKU treatment different management practices have been described in 

different countries [36, 41, 44]. In 2013, the ESPKU beckoned for a standard of care for patients with 

PKU [45]. In 2017, the first European, evidence-based guidelines were published [18]. It is necessary 

to comprehend the impact of the guidelines and the extent of their implementation across Europe.   

A clear recommendation was to maintain patients under lifelong follow-up. However, it is well 

recognized that progressive deterioration in metabolic control is reported with age, particularly from 

adolescence onwards and there is little to suggest that blood Phe has improved in recent years even 

with advances in protein substitutes, a wider range of low protein foods and alternative 

pharmacological treatments such as sapropterin. Table 2 highlights a summary of studies reporting 

blood Phe control in PKU patients. In a recent US survey of 182 clinics, it was noted that >60% of 

adolescents (age 13–17) and >70% of adult PKU patients attending US clinics were non-adherent to 

target Phe concentrations consistent with earlier international reports [46, 47]. A considerable 

number of adult patients, particularly males are lost to follow up. Women, aware of the risks of 

maternal PKU, are more likely to attend clinics. The frequency of blood monitoring and clinic 

attendances also decreases with age. There appears to be greater adherence in children in clinics 

with higher staffing ratio’s although this has not been reported in adult clinics [46, 48]. There are few 

European reports of adult patients being offered BH4, particularly the older generation. Therefore, 

there is a scarcity of literature describing outcome and blood Phe control in adults.   

Adults with PKU may experience neurocognitive, mental health, behavioral, general health as well as 

social issues. Intellectually, adults with PKU may function at a normal IQ but have subtle but 

persistent cognitive issues that impair their ability to follow treatment recommendations and 

complete work tasks. Difficulties include fatigue, exhaustion, slow processing speed, poor memory, 

inattention, difficulty in decision making, problem solving, organization skills, mood disorders, 

depression, anxiety, irritability, phobias and disordered eating behavior [20, 22, 49, 50, 51]. 

Constraints are described as impacting on work, adult education, social life, worries about 

relationships and acceptance of PKU by partners, anxiety around planning children, and the constant 
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need to manage and tailor the consequences of PKU with everyday life (Table 3). In an older study, 

women in particular were more likely to live at home, not own a driving license and remain sexually 

inactive, although no recent publications describe this [52]. The worry about pregnancy and 

preventing maternal PKU syndrome may affect the development of close relationships. Special care 

should be taken regarding transition from pediatric to adult care in PKU to try to ensure adults with 

PKU are not lost to follow-up. Tables 4 and 5 describe strategies and a proposal for a clinic check list, 

respectively, that can be adopted for supporting adults with PKU. 

Except for protein requirements, dietary issues are not described in depth in the recently published 

European PKU guidelines. Studies reporting dietary intake collected from food frequency 

questionnaires in PKU are lacking. Naturally, there are many concerns about the quality of diets 

consumed by PKU patients, especially in adulthood ‘on and off’ low Phe diets. Patients with PKU on 

‘normal’ diets continue a self-imposed low protein diet and they have been reported to have 

reduced or low normal serum urea levels [53]. They are unlikely to take protein substitutes. 

Therefore, deficiencies of protein [54], amino acids particularly tyrosine, vitamin B12 [54, 55], zinc, 

selenium [56], low normal free carnitine values [57] may result because diet is not supplemented 

with Phe-free protein substitute [58, 59, 60]. Low prealbumin is also found in adults and children 

[56, 61]. Osteopenia and osteoporosis may occur and a significantly lower spine bone mineral 

density is reported is some studies [62]. Women have been observed to have thinning hair and poor 

skin, possibly associated with poor nutritional status. The suboptimal nutritional status may have 

implications for emotional well-being. For example, recent studies demonstrate associations 

between low vitamin D or low vitamin B12 and depression [63, 64]. Some patients on low protein diet 

do not take the prescribed amounts of protein substitute even though their blood Phe may achieve 

target ranges, placing patients at nutritional risk [53]. In contrast in PKU, blood folate above upper 

reference range is commonly observed and this is associated with high supplementation in protein 

substitutes. This could influence tissue methylation potential [65]. A higher prevalence of overweight 

(45%) and obesity (27%) has been reported in women with PKU [66], underlining the need to 

carefully monitor these trends [67], particularly as a linear relationship between anthropometric 

measurements and aortic stiffness is documented which may indicate an obesity-dependent 

cardiovascular risk in PKU [68]. Based on available evidence, the European PKU guidelines do not 

suggest robust nutritional status monitoring, although some reports highlight the usefulness of more 

extensive monitoring mainly to understand the efficacy of new treatment strategies [69, 70]. Figure 

1 demonstrates the complexity of nutritional status in PKU. 

The relative amounts of natural protein tolerated are likely to be important in the nutritional 

outcome and body composition of patients with PKU. Jani and colleagues [71] studied a group of 59 
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children and 27 adults with PKU. In adults, a higher natural protein intake was associated with high 

fat free mass index and the ratio of low fat mass index to fat free mass index in adults. The protein 

substitute was not taken as prescribed. In children, protein substitute intake was directly 

proportional to fat free mass intake. 

In PKU, it is established that a low Phe diet is associated with a lower energy contribution from fat 

but higher from carbohydrate. This is shown to be associated with a higher glycaemic index and 

glycaemic load controls but lower total and LDL cholesterol and higher triglycerides than healthy 

controls [72]. Although not all researchers have documented abnormality in blood glucose and 

insulin metabolism others have shown insulin resistance but mainly in adults and overweight or 

obese patients with PKU [73, 74]. 

In a group of normal healthy controls, a high carbohydrate intake similar to the diet in PKU produced 

a lower thermal effect of feeding and postprandial fat oxidation compared with an ordinary meal. It 

was suggested that these metabolic factors may contribute to the origins of obesity in people with 

PKU [75]. This deserves further attention in terms of research studies, since no robust evidence 

exists regarding the association between overweight and PKU [76]. Again, it is important that 

systematic routine clinical data is collected allowing future cohort studies describing long-term 

outcome in these individuals [67].    

 

3. Current treatment for PKU 

3.1. Dietary treatment 

A low Phe diet in PKU is based on a controlled and restricted intake of Phe from natural protein 

containing foods, a protein substitute or replacement and low protein foods from natural and 

specially manufactured foods. Comprehensive vitamin and mineral is usually supplied by the protein 

substitute, providing an adequate dose is consumed. Application of dietary management varies 

between countries and centers.  

3.1.1. High protein/phenylalanine foods avoided  

Foods that are excluded from the diet for being high in protein include all meat, fish, eggs, cheese 

derived from animal milk (cow, goat, sheep), nuts, seeds, quinoa, wheat, oats, foods made from 

Quorn™ (a meat substitute made from protein of fungal origin), plant algae such as spirulina, gelatin, 

Tempeh, pulses/lentils and anything containing aspartame sweetener (aspartame consists of Phe 

and aspartate linked together, and is metabolized to these separate amino acids). The latter is being 

increasingly added to soft drinks with the introduction of national government sugar taxes.  
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3.1.2. Phenylalanine tolerance 

Phe tolerance is the amount of Phe that can maintain blood Phe concentrations within target 

treatment range of 120 to 360 µmol/L in children ≤12 years of age and 120 to 600 µmol/L in patients 

≥12 years of age. The amount of dietary Phe tolerated from natural food sources will vary depending 

on the severity of the patient’s phenotype, age, target blood Phe concentrations, dosage of protein 

substitute, and drug therapy with sapropterin. Most patients on diet only treatment will tolerate < 

500 mg/daily Phe. It is expected that in patients who are responsive to sapropterin that they should 

at least double their Phe tolerance while receiving this treatment. There is general concern that 

there may be over restriction of dietary Phe in PKU. If blood Phe is within lower target range, there is 

a tendency not to challenge with extra dietary Phe due to concerns about blood Phe destabilization. 

However, at least 2 studies have demonstrated that adult patients tolerated more Phe than 

prescribed [77, 78]. Furthermore, over restriction of dietary Phe could lead to poor growth, 

anorexia, alopecia, listlessness and osteopenia, particularly in infancy. Furthermore, researchers 

have reported that patients have tolerated more protein than prescribed in the Phe loading tests 

prior to the introduction of sapropterin [79]. 

Although systems for allocating Phe in the diet vary throughout Europe, they all are associated with 

acceptable Phe control. There is no evidence to suggest that one method is better than another, but 

methods associated with the least burden are better for the families and patients. About half of 

European countries calculate all Phe sources in the diet (particularly Eastern European countries, 

Germany and Austria) and the other half uses a Phe exchange system to calculate Phe, although Phe 

exchange systems vary from 10 to 50 mg [80]. Each patient is allocated a total daily amount of Phe, 

and then the number of exchanges to make up this daily allowance is calculated.  One food can be 

exchanged or substituted for another of equivalent Phe content. The allowance is divided evenly 

over the day and given with the Phe-free L-amino acid supplement. No more than 50% of the natural 

protein allowance should be given at any one meal [37]. Exchange foods are generally sourced from 

foods that are low in biological protein, such as potatoes, peas, sweet corn, rice, pasta and breakfast 

cereals, although sometimes milk products such as yoghurt and cream cheese may be used 

depending on Phe tolerance. It is recommended that Phe exchanges are weighed, but with 

increasing age some patients/families choose to abandon this without necessarily losing control of 

blood Phe.  

3.1.3. Low protein foods 

There are some foods which are naturally very low in protein so can be eaten without measurement. 

All fruits and vegetables (except potatoes) containing a Phe content up to 75 mg/100 g can be given 

without limitation [37]. Also, butter, margarine, vegetables oils, low protein starches (tapioca, 



Acc
ep

ted
 M

an
us

cri
pt

 
 

 

cassava flour, potato starch), low protein vegan cheese made from food starch, sugar, jams, and 

honey are suitable. Although there is a wide range of ‘starch based’ low protein special food 

products such as bread, flour, pasta and biscuits, patients have variable access to these across 

Europe. They are generally expensive if not government funded, and they are commonly higher in 

energy, fat and protein and contain no additional nutrients [81]. There is no legislation to control 

their nutritional composition. They may provide up to 50% of energy intake. Patients using 

sapropterin have less need for special low protein foods.  

3.1.4. Protein substitute  

The provision of a Phe-free L-amino acid supplement is essential to prevent protein deficiency and to 

optimize metabolic control. Protein substitute is usually supplied by Phe-free L-amino acids or a low 

Phe containing protein substitute based on glycomacropeptide. In PKU it is recommended that the 

total protein intake should supply 40% more than the WHO/FAO/UNU safe levels of protein intake 

[37]. However, this amount is arbitrary and except for PKU centers in Western Europe, most centers 

would prescribe higher quantities of Phe-free amino acids in infants and young children to allow for 

ineffective digestibility of natural/intact protein mainly derived from plant protein, and poor 

utilization of L-amino acids or sub-optimal energy intake [82, 83].  

Phe- free L-amino acid supplements have been used for over 50 years. They are mainly available as 

powders, ready-to-drink liquids or in a spoonable, semi-solid format [84, 85, 86]. Powders may be 

given either as a gel or drink. It is best to give Phe-free L-amino acids in small frequent doses, 3–4 

times evenly throughout the day, rather than once- or twice-daily [87], and ideally together with 

natural protein and a carbohydrate source. Most supplements contain additional vitamins, minerals, 

and trace minerals [86]. Many also contain essential fatty acids and omega-3 long-chain 

polyunsaturated fatty acids such as docosahexaenoic acid (DHA) with meta-analysis suggesting that 

DHA supplementation significantly increases plasma DHA status in PKU [88]. Phe-free L-amino acids 

supplements have a high osmolarity and may cause abdominal pain, constipation or diarrhea but 

this has not been studied. Long term intake of Phe-free L-amino acids has been linked to proteinuria 

and decreased glomerular filtration rate in PKU, although not by controlled investigation [89]. 

CGMP protein substitute (64 amino acid peptide) is a by-product of cheese whey and adapted for 

PKU by supplementing with rate limiting amino acids (CGMP-AA), and usually vitamins and minerals. 

It is available in powder, liquid and bar format. They do contain a small amount of Phe and they have 

been shown to increase blood Phe concentrations in children, so care should be taken with its 

introduction as a protein substitute source [90]. In contrast, in another series of patients, with 

milder forms of the disease, Phe intake from GMP did not result in significantly higher Phe levels 

[69]. Many studies have reported potential advantages of using GMP in PKU compared with usual 
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Phe-free amino acid supplements. In humans there is evidence they have a better taste, improve 

satiety, improves nitrogen retention and in animal studies there is suggestion in PKU that they 

reduce blood Phe in the brain, improve bone health and act as prebiotic. Some of these studies have 

been conducted in PKU mice only [91, 92, 93], others have been done in humans [33, 69, 94, 95]. 

Most of the human PKU studies have only been completed in older people (teenagers and adults) 

over a short time period [33, 94]. There is also suggestion that GMP may cause less halitosis and may 

be associated with less gastrointestinal upset, less constipation or stomach ache, but this remains to 

be proven [95].  

 

3.2. Pharmacological treatment 

3.2.1. BH4 (mechanisms of action, selection of patients, loading tests, dietary adjustments) 

Sapropterin dihydrochloride (sapropterin, Kuvan®, BioMarin, Novato, CA, USA) is a synthetic 

formulation of BH4 [96]. The BH4, acting as a chaperone, helps correct the PAH protein tendency to 

misfold and loose its function [97]. The first report of using BH4 in PAH-deficient PKU patients was in 

1999 [24]. It demonstrated that 4 patients with hyperphenylalaninemia were able to reduce blood 

Phe concentration after BH4 supplementation. Some years later, Muntau and co-workers showed 

that 87% of a sample of 31 patients with mild hyperphenylalaninemia or mild PKU significantly 

reduced blood Phe levels with BH4 supplementation; using in vivo rates of [13C] Phe oxidation, they 

showed a significantly increased Phe oxidation in 23 of these 31 patients (74%) [30].  

Initially BH4 was only approved for the use in patients above 4 years of age [27]. More recently, the 

SPARK trials (Safety Pediatric efficAcy phaRmacokinetics with Kuvan®) demonstrated the efficacy 

and safety of its use below the age of 4 years, leading to EU approval for that target age [28, 98]. 

The studies on BH4 pharmacokinetics suggest that absorption is the rate-limiting step of drug 

disposition, favoring one weight-dependent daily-dose [99, 100]. However, other administration 

schemes have been described [101]. BH4 responders are expected to have a higher Phe tolerance as 

well as improved blood Phe control [102]. Also, the blood Phe fluctuation may be reduced, and there 

are other potential additional benefits [49, 103, 104, 105]. In children, growth optimization is an 

important objective, in parallel with a less synthetic diet which will help normalize patient 

socialization and quality of life. Nevertheless, not all studies clearly demonstrate all these benefits 

[106, 107]. Furthermore, with BH4 treatment, a healthy dietary pattern and nutritional adequacy are 

not always achieved. There is less reliance on protein substitute intake which usually supplies the 

principle source of micronutrients and so dietary intake should still be carefully monitored by 

experienced nutritionists in order to avoid deficiencies or additional micronutrient supplementation 

[70].  
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In adults, more research is needed to demonstrate the benefits of BH4 on executive functions [108], 

although preliminary data suggested that BH4 may improve cerebral dopamine concentrations [109]. 

In maternal PKU, BH4 treatment should be considered if women fail to achieve target blood Phe 

concentrations pre-conception or during pregnancy  [37]. 

Appropriate patient selection to BH4 treatment is not straightforward. Primarily, not all genotypes 

are candidate’s for this chaperone. The new European PKU guidelines clearly state that patients with 

a genotype known to be non-BH4-responsive should not be enrolled in a BH4 loading test [37]. In 

addition, patients with a genotype with 2 BH4-responsive variations should not require a BH4-loading 

test and should commence direct treatment [37], although a BH4 loading test should be considered 

in all other patients. Metabolic control in non-BH4-responders may deteriorate post loading test 

underling the need of careful patient selection [110].  

No consensus exists regarding the precise definition of a BH4 loading test, and different approaches 

have been described [106]. The 48h BH4 loading test protocol, suggested by the European working 

group on PKU [111] has proven its utility [112]. The US strategy for  assessing responsiveness is over 

4 week protocol [113]. Separate neonatal loading test protocols have been devised [114].  

Responsiveness is determined by an arbitrary 30% blood Phe reduction after a challenge with 20 

mg/kg BH4 [37]. In patients identified as a potential responder, a starting dose of 10-20 mg/kg is 

usually practiced [37]. Frequent metabolic control and close dietary adjustments are needed to 

clearly assess true responsiveness. Increasing natural protein and a subsequent decrease of protein 

substitute intake is recommended [115, 116]. The final step will be to adjust sapropterin doses [37]. 

All these practical strategies should allow the confirmation of the true responsiveness measured by 

doubling the Phe tolerance or keeping at least 75% of the Phe measurements within target range 

[37]. The term “diet relaxation” is not the best terminology to use with patients, particularly when a 

full response is not achieved. Carefully increasing Phe and natural protein intake is recommended in 

order to ensure nutritional adequacy, prevent excessive energy intake [67] and/or micronutrient 

imbalances [70, 117].    

Improving global quality of life (QoL) is an ultimate goal and although QOL scores have been found 

to be significantly higher in patients with BH4 treatment [118, 119], similar results have not been 

replicated in all studies [120, 121].  

3.2.2. Pegvaliase (mechanisms of action, current status of the clinical studies) 

Phenylalanine-ammonia lyase is an enzyme responsible for converting Phe to ammonia and trans-

cinnamic acid [122]. The first attempt to use this enzyme in PKU patients was in the late 1980s, when 

the enzyme was given orally, 3 times per day, after meals, to an untreated PKU patient for 12 

consecutive days. Although only 25% blood Phe decrease was achieved, it was an important 
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observation [123]. In order to improve protease resistance, a recombinant Anabaena variabilis 

Phenylalanine-Ammonia Lyase was developed from Escherichia coli and PEGylated to reduce 

immunogenicity (rAvPAL-PEG) [124, 125]. Pegvaliase, the PEGylated PAL, is developed as an enzyme 

substitution therapy to reduce blood Phe concentration in adults with PKU [126]. 

The Phase 1 clinical trial (NCT00634660) enrolled 25 PKU patients, older than 18 years old, 

administering subcutaneous injections of rAvPAL-PEG in different and escalating doses (0.001–0.100 

mg/kg). Blood Phe decrease was observed with higher dose treatment. The immunological response 

to rAvPAL-PEG was directly associated with phenylalanine ammonia lyase, polyethylene glycol, or 

both [125]. The most frequent adverse reactions were injection-site reactions and dizziness. Patients 

who received the highest dose, had a mean blood Phe mean reduction of 54.2% from baseline [125]. 

In a Phase 2 extension study, administration of rAvPAL-PEG to 67 subjects with PKU for one year 

lowered blood Phe on average by 65% from pre-treatment levels, with patients maintaining blood 

Phe concentrations <600 µmol/L [127]. The mean time to achieve 2 consecutive Phe levels <600 

µmol/L was 26 weeks.  

Two Phase 3 studies, PRISM-1 (NCT01819727) and PRISM-2 (NCT01889862), evaluated the efficacy 

and safety of pegvaliase treatment [38]. Out of the 261 patients who received pegvaliase treatment, 

32.6% achieved ≥ 24 months of study treatment. Blood Phe decreased from a mean (SD) at baseline 

of 1232.7 (386.4) μmol/L to 311.4 (427) μmol/L at 24 months (68.7% decrease). Adverse events were 

mild or moderate in severity, but 96% resolved without dose interruption or reduction [38]. Results 

from the discontinuation Phase 3 clinical trial showed statistically significant higher blood Phe 

concentrations in patients receiving placebo, confirming the blood Phe efficacy of pegvaliase [128].      

 

4. Conclusions  

Important advances have been achieved for the clinical management of patients with PKU in recent 

decades. A higher availability and diversity of protein substitutes and special low protein foods are 

now used, but important dietary challenges remain.  Emerging new treatment strategies are 

potentially improving metabolic control and may improve long-term outcomes.      

 

5. Expert opinion 

Maintaining a lifelong low Phe is challenging. Some adults find the diet complex and impractical and 

abandon treatment. In the USA up to 70% of USA adult patients diagnosed by newborn screening 

are not in specialist inborn metabolic disease follow up [129]. It is unknown how many adults with 

PKU are lost to follow up in Europe. Non-adherent adult patients are likely to be significantly worse 

that those treated and followed regularly in a metabolic clinic. 
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The European PKU guidelines present a clear summary of the scientific evidence and they provide 

direction for treatment and follow up of adult patients. However, we treat individual patients and 

personalized nutrition will be particularly important in the future. Undertaking more robust 

nutritional status monitoring, including body composition analyses as part of the routine clinical 

protocol, may help adult patients to understand that health care professionals are not merely 

interested in their Phe metabolism but also in their general health. 

A blood Phe measurement is the universally accepted clinical routine endpoint measure in PKU. 

Blood spots collection at home and then sent to laboratories for analysis is a common method of 

monitoring, but venous blood samples taken in the hospital clinic may be the only option in some 

countries. Patients need timely and regular feedback about their blood Phe control, because this 

may affect their adherence. Both the European [37] and the American guidelines [17] have specific 

recommendations regarding blood Phe measurements. However, in practice, Jureki and coworkers 

identified that most clinics in the USA give different advice [46]. Other important issues include the 

slow turnaround of results (it may take days to even two weeks for patients to receive their blood 

Phe results), analysis costs and the quality of blood spots (e.g. small blood sample, double ‘spotting’ 

of blood on cards). Also, Phe analysis from dried blood spots is 8–26% lower than venous blood 

samples [37]. This aspect of the clinical management is crucial to optimize, and it deserves more 

attention than currently apportioned. More frequent blood Phe sampling has been associated with 

better control and its close monitoring will be an essential strategy to understand the real efficacy 

and value of any new treatment.  

A point-of-care (POC) device capable of measuring blood Phe levels in low-resource settings, such as 

in homes or developing nations, could lower test costs and provide immediate test results and 

broaden the accessibility of home Phe monitoring. It may lead to increased blood Phe monitoring, 

improved adherence, increase understanding of the impact of diet and medication changes, and 

overall improve blood Phe control. Currently there are no approved POC devices although 

development occurred over many years. However, it should be remembered that any such device 

cannot be expected to improve blood Phe control by itself and appropriate training will be essential. 

Before any POC device can be introduced, it is likely to require investment in trials by industry, 

academic institutions and patient organizations to provide evidence for regulators and national 

reimbursement systems.  

The dietary treatment imposed in PKU treatment is challenging for both patients and health care 

professionals. The synthetic diet characteristics should not be dismissed when analyzing scientific 

evidence in PKU. Special bread and pasta are commonly higher in carbohydrate than conventional 

products [81], and it is known that people with PKU consume a higher carbohydrate intake 
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compared with healthy controls [72]. In addition to metabolic control and neuropsychological 

outcomes, it is important to understand the impact of dietary treatment both on glucose and lipid 

profiles in PKU, and how this will affect cardiovascular risk in a long-term perspective.  

Gut microbial ecology and host physiology are affected by dietary patterns. How this is influenced by 

the special diet used in PKU, remains understudied. Verduci and Moretti studied fecal microbiota 

and demonstrated that PKU children had lower degree of microbial diversity and a decrease in fecal 

butyrate content when compared with patients with hyperphenylalaninemia on a normal diet [130]. 

A Brazilian study identified distinct taxonomic groups within the gut microbiome of 8 patients with 

PKU as compared with 10 healthy controls but it is unknown if this is related to the low Phe diet 

[131]. How diet affects microbiota in PKU and how this will influence metabolic control and general 

health will be an important topic for future research. 

In PKU, protein substitute intake is provided by either a Phe-free amino acid supplement or a low 

Phe GMP. Administering free amino acids bypasses the digestive phase, and the absorption profile is 

different from that of intact proteins. Plasma levels of total and essential amino acids are higher, 

peak faster and decrease more quickly. In contrast it is shown in adults with PKU, that CGMP-AA is 

associated with a slower rate of digestion and absorption of AA and lowers blood urea nitrogen 2.5h 

post breakfast consumption [94], but these results have not been confirmed. In non PKU humans, 

natural protein from intact sources has a greater protein synthesis and nitrogen retention compared 

with amino acids but when an intact protein source is combined with amino acids, plasma levels of 

total and essential amino acids are higher, peak faster and decreased earlier than when compared 

with intact protein or amino acid alone. Further work is required on amino acid kinetics of amino 

acids vs GMP-AA in PKU.  

GMP is one of the most recent nutritional advances in PKU treatment. There is however still a lack of 

scientific evidence in children and careful introduction of any new products in the dietary 

management of PKU is advocated. BH4 treatment has proven benefit in a sub-group of PKU patients. 

However, we need defined nutritional criteria to ensure that more freedom of dietary intake does 

not lead to inappropriate dietary patterns and short and long term nutritional imbalances. The 

simple switch between protein substitutes and natural protein intakes is not simple and not without 

harm, especially when low protein quality sources are primarily chosen. The nutritional composition 

and administration of specific micronutrient enriched protein substitutes given with BH4 treated 

patients requires further attention.   
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Figure 1 

The complexity of nutritional status in PKU 
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Table 1. Barriers to treatment 

Patient barrier Impact 

Financial restraints/ insurance 
cover/ prescriptions costs/ costs 
of low protein foods 

Alters and limits access to low protein foods and 
protein substitutes.  

Distrust of health professionals/ 
poor relationships  

Leads to lower trust of the healthcare system, and 
eventually in poorer health. 

Patients may test the knowledge of health 
professionals against their expectations to decide if 
they trust their physician.  

Previously followed a normal 
diet 

Once patient has developed a taste for high protein 
foods it is difficult to successfully return to a low 
protein diet. 

Poor knowledge of PKU and diet  Limited cooking skills, low knowledge of suitability 
of foods, limited meal choice; many not know how 
to access supplies of protein substitutes.  

Poor acceptance of diet  Poor tasting protein substitute, refusal of low 
protein foods, hunger, only partial adherence to diet 
all lead to poor metabolic control and risks of 
nutritional deficiency. 

Loss of social support  Limited family support, partner support.  

The loss of social support from family members who 
understood the treatment well is difficult in some 
young adults when reaching adulthood.  

Issues with access to medical 
services 

Inability to obtain referral to a metabolic specialist 
service, limited number of adult services, distance 
to the clinic, lack of transportation. 

Patient reluctance to 
acknowledge they have the 
condition or that it may cause 
any symptoms or they adopt a 
watch and see policy 

Failure to follow treatment regimen. 

Lack of awareness of 
developments and treatment 
options 

Low expectations and low access to latest therapies. 
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Table 2. A summary of blood Phe control from studies conducted worldwide 

Study Country Participants Blood Phe target 
range 

Results 

Walter et al 
2002 [46] 

UK and 
Australia 

Results from 4 centers were 
audited between 1994–2000.

Data were available from 330 
patients. Their median age at 
the start of the study was 4 y 
(range 0–19). 

<5 y: 360 μmol/l 

5-10 y: 480 μmol/l 

≥10 y: 700 μmol/l 

The median proportion of samples with Phe concentrations above 
those recommended was less than 30% for those younger than age 

10 y but almost 80% for those aged ≥15 y. 

The median frequency of blood sampling, expressed as a 
proportion of that recommended, was > 80% for patients < 10y but 
< 50% at 15y. 

Meli and 
Bianca 2002 

[47] 

Catania, Italy 95 PKU patients: 4 (< 1 y ), 13 
(aged 1-6 y), 26 (aged 6-10 y), 
17 aged (10-14 y) and 35 (>14 
y). 

- Phe levels were greater than the recommended value in none of 
the patients < 1 y, in 8% of the 1-6 y, in 18% of the 6-10 y, in 40% of 
the 10-14 y, and in 70% >14 y. 

Mundy et al 
2002 

[48] 

London, UK All patients with 

PKU seen from 2001-2002.  

96 of 180 patients were 
following a Phe-restricted 
diet with a mean age of 26 y 
(15-52 y). 

≥10 y: 700 μmol/l Proportion with Phe greater than recommended 74.3% (28.9–100). 

Mean blood Phe (μmol/l): 780.6 (653-948). 

Walter and 
White 2004  

[49] 

Manchester, 
UK 

Data from 75 patients (of 
whom 42 were male) were 
available for analysis. 

>10 y: 700 μmol/l At 10 y of age <20% of samples were above the recommended 
level, but this had increased to 75% by 19 y. Similarly, the 
frequency of blood sampling fell from a mean of 83% of that 
recommended to under 51% by 20 y. 
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Ahring  et al 
2011 [50] 

Europe A survey was conducted to 
compare blood Phe control 
achieved in diet-treated 
patients with PKU of 
different age groups in 10 
European centers. 

Overall, 1921 patients on 
dietary treatment met the 
inclusion criteria; 115 
patients in 3 centers received 
LNAA and 17 patients also 
received BH4. 

Different target 
levels in each 
centre. 

Age: Median Phe (μmol/l) / Median % blood 

samples with Phe within or below target / Median % blood samples 
returned according to guidelines 

 

<1 y: 175 (137–195) / 88 (82–96) / 102 (100–112) 

1-3 y: 230 (206–246) / 74 (67–86) / 100 (92–121) 

4-10 y: 287 (254–327) / 74 (58–85) / 92 (90–117) 

11-16 y: 465 (347–527) / 89 (64–95) / 83 (66–87) 

Adults: (416) 777 (604–855) / 65 (44–88) / 55 (51–75) 

Das et al 2014 

[51] 

Hannover, 
Germany 

72 adults contacted. Only 51 
entered the study due to loss 
of follow up. 

0-10 y: < 240 
µmol/l 

10-15 y: < 900 
µmol/l 

> 15 y: 1200 µmol/l

Current levels (mean concentration)  

PKU diet: ≈700 µmol/l 

Vegan diet + protein substitute: ≈950 µmol/l 

Vegan: ≈900 µmol/l 

Normal food: ≈110 µmol/l 

 

Lifetime Phe levels (mean concentration in µmol/l)  

PKU diet: ≈300 (0-10 y), ≈550 (10-15 y), ≈700 (>15 y). 

Vegan + protein substitute: ≈500 (0-10 y), ≈450 (10-15 y), ≈800 
(>15 y). 
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Vegan: ≈200 (0-10 y), ≈700 (10-15 y), ≈850 (>15 y). 

Normal food: ≈380 (0-10 y), ≈850 (10-15 y), ≈1050 (>15 y). 

Gramer et al 
2016 

[52] 

Heidelberg, 
Germany 

36 PKU patients (15 males 
and, 21 females) with mean 
age 17.2 y (SD 10.1; range 
5.1-38.5). 

All patients diagnosed by NBS 
and had early and 
continuously treated. 

 Mean Phe level was 677 µmol/l (SD 506; 42-1943). For patient 
subgroups ‘children’, ‘adolescents’ and ‘adults’ mean Phe was 242 
µmol/l (SD138;97-557), 980 µmol/l (SD 414; 393-1719) and 919 
µmol/l (SD 523; 42-1943), respectively. 

Mütze et al 
2016  

[53] 

Leipzig, 
Germany 

All PKU patients transferred 
from pediatric to adult care 
between 2005 and 2015 
were identified. 

96 PKU patients (56 females 
and 40 males) with a median 
age of 32 y (18-62) were 
included. Late diagnosed and 
early treated patients 
included. 

- In previous 3 y period, 81% (44 females and 32 males) of the 
transferred patients kept contact to the adult outpatient clinic. 

 

Median (range) of individual mean Phe of all transferred PKU 
patients did not differ over the 10-year period: 673.0 (213.0-
1381.1) μmol/l 

 

Median (range) Phe during 6th year of life  (n=74 patients): 307.3 
(92.1-1246.6) μmol/l 

 

Median (range) Phe during 18th year of life (n= 71 patients): 587.4 
(52.5-1454.6) μmol/l 
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Current median (range) of last 3 Phe levels (n=96): 658.7 (109.1-
1458.5) μmol/l  

Garcia et al 
2017 

[54] 

Santiago, 
Chile 

75 children diagnosed by 
newborn screening, 

ages 7 to 13 y. 

Until 2010 targets 

<10 y: Phe < 360 
μmol/L 

≥10 y: Phe < 480 
μmol/L 

 

Current targets 

<10 y: Phe < 240 
μmol/L 

≥10 y: Phe < 360 
μmol/L  

Age group: Proportion of samples (%) with Phe > 360 µmol/L / 
Mean blood samples per year  

 

0–11 m (n = 73): 13% / 29.0 

12–23 m (n =72): 20% / 16.1 

24–35 m (n =73): 28% / 12.6 

36–48 m (n =70): 31% / 11.1 

4 y–5 y (n =67): 34% / 0.8 

6 y–7 y (n =61): 42% / 8.0 

8 y–9 y (n =42): 52% / 8.0 

10 y–11 y (n = 25): 52% / 7.5 

12 y–13 y (n = 6): 67% / 6.4 

 

The average age of follow-up discontinuation was 5.5 y. 

Jani et al 2017 
[55] 

Atlanta, USA 86 patients (16.0 y; 4.0-54.6) 
on sapropterin. Analyses 
were performed in adults (N 
= 27, >19.0 y) and children (N 
= 59, 4-19.0 y) separately.  

120-360 μmol/l 86 patients 

Phe 716 (86-1687) μmol/l 

80% plasma ≥361 μmol/l  
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27 adults 

Phe 876 (86-1687) μmol/l 

88.9% plasma ≥361 μmol/l 

 

59 children  

619.0 (125-1600) μmol/l 

74.6% plasma ≥361 μmol/l 

 

 

 

Jurecki et al et 
al 2017 [56] 

USA July through September 2015

44 clinics from USA that 
participated in the survey.  

The median number of 
actively managed patients 
per clinic was 78 (range 15-
275 patients; note that only 
clinics with ≥15 patients 
entered study). 

In total, respondents 

Different targets 
across different 
centers. 

The proportion of total patients considered lost to follow up 
increased with age, from 10% for the 0-4 y to 55% in the 30+ age 
group. Overall, an estimated 32% of all PKU patients in 

respondent's clinics were lost to follow-up. 

 

% patients within target (120-360 μmol/l): 

0-4 y: 78% 

5-12 y: 67% 
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reported on their clinics' 
3772 actively managed PKU 
patients, 41% of which were 
adults.  

 

% patients within target (120-600 μmol/l): 

13-17 y: 74% 

18-29 y: 59% 

>30 y: 45% 

Mlčoch et al 
2017 

[57] 

Prague, 
Czech 
Republic 

Total number of patients 
participating in this survey 
was 174 with mean age 14 y 
(11; 5–22). 

- N= 167 

Mean Phe concentration in μmol/L (median;IQR) 

 

0-3 y: 214 (182; 109-254) 

4-6 y: 215 (218; 103-315) 

7-10 y: 297 (242; 170-335) 

11-14 y: 364 (345; 206-482) 

15-18 y: 556 (618; 363-726) 

>18 y: 771 (787; 539–938) 
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Table 3. Signs and symptoms of PKU that affect an individual’s ability to 

adhere to diet 

Neurocognitive impairment  May contribute to unemployment or 
underemployment, with the subsequent 
socioeconomic barriers to treatment. 
Compromises ability to follow complex 
treatment regimen and schedule and/or 
keep appointments. 

Executive functioning impairment: affects 
ability to perform basic cognitive tasks 
such as focusing, memory, planning, and 
impulse control 

May limit the ability to follow a Phe-
restricted diet, monitor Phe intake, plan 
meals, schedule and keep medical 
appointments.  

May also affect ability to obtain 
employment and perform duties at work, 
manage money, perform parenting skills, 
and affects driving skills.  

Psychosocial competence 

 

Low competence affects skills necessary 
to plan meals, resist dietary indiscretion, 
and maintain self-control in the face of 
peer pressure and feelings of being 
different. 

Psychiatric symptoms Inhibits ability to follow dietary 
restrictions, further exacerbating 
symptoms. 
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Table 4. Strategies for supporting adults with PKU 

 

Annual comprehensive nutritional assessments, monitoring dietary intake, 
anthropometric measurements, body mass index, body composition, general 
health examination (hair, nails, skin), and nutritional biochemistry.   
Annual quality of life assessment.
Annual mental health assessment.
Practitioners should communicate well and show understanding. A valued 
partnership between healthcare provider and patients is essential. Continuity of 
care from the same health professionals is important; patients do not like to 
explain their history and issues repeatedly to new professionals.   
Open and easy access to professionals. Each patient should be given time to talk to 
their PKU team.  
Regular sharing of new knowledge with patients. Patients who are experts on their 
own diagnosis cope better, have better self-related health status and are less 
dependent on health care.  
Encourage online community networks for adults with PKU. They provide 
emotional support and an opportunity to learn from others in a similar situation.  
Provide adult specific PKU information for general practitioners, pharmacists, 
partners, the employee, restaurants, and travel companies.  
Provide co-ordinated care with a holistic approach. 
Professionals should remember that many patients may be very vulnerable, 
insecure and may be depressed when seen in clinic. It may be difficult for patients 
with PKU to talk about their mental health issues. Patients may easily express 
anger or feel humiliated if they are treated with insensitivity.    
Provide practical help with menu planning, organisation, shopping, and food 
preparation.  
Provide practical help with regular supply of protein substitute and special low 
protein foods. 
If a patient is ‘off diet,’ step by step advice about recommencement of dietary 
treatment. 
Provide practical help with attendance at hospital appointments and provide 
evidence of clinic appointments for employees.  
Provide help with access to counselling services, psychological assessments and 
support.  
Use of Smartphone apps for encouraging self-monitoring, reminders to take 
protein substitute and help with low phenylalanine healthy meal choices. 
Offer BH4 treatment if they are responsive. 
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Table 5. Useful check list for clinic appointments with adult patients with 

PKU 

Clinic check list  

• Discuss with patients in clinic about any symptoms they may using a 
terminology they understand: anxiety, depression, trouble focusing or paying 
attention, irritability, difficulty with remembering or planning, difficulty with 
speaking, and moodiness.  

• Note any changes at work, home, or with relationships. 
• Note any challenges with remembering things or keeping organized. This could 

include issues with PKU management or everyday activities. 
• Discuss new or different activities that require planning, organization, or 

detailed thinking.  
• Discuss how they have managed events like holidays, or school/family 

gatherings that have occurred since your last visit to the clinic. Discuss any 
challenges that may have. 

 

 




