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Abstract

Introduction: the dietary intake of individuals with phenylketonuria (PKU) may vary widely according to different cultural eating habits, lifestyle,
access to multidisciplinary team, and metabolic formulas available. Thus, knowing the dietary intake of this population makes it possible to tailor
nutritional treatment strategies to impact their health.

Objective: to analyze the evidence on the dietary intake of individuals with PKU.

Methods: an integrative literature review was conducted on the dietary intake of individuals with PKU in the databases PUBMED, BIREME and
Science Direct. Original articles that addressed the energy and macronutrient food intake of children, adolescents and/or adults with PKU were
included in the study, without time restriction, in any language. A total of 384 articles were found and 27 articles were selected and analyzed.

Results: evidence about the nutritional composition of their diet showed that individuals with PKU consume between 1160-2721 kcal of energy
—7.2-17.4 % (32.4-76.9 g) of energy as protein, 45.9-69.2 % of energy as carbohydrates, 16.6-39 % of energy as lipids— and between
Keywords: 7.6 and 20 g of fiber.

Nutritional status. Diet. Conclusion: most individuals with PKU have low energy, protein and fiber intake, adequate lipid intake, and high carbohydrate intake. Metabolic
Phenylalanine. Proteins. control of the disease is still a challenge in all countries. Nutritional strategies to improve dietary nutritional composition and phenylalanine blood
Carbohydrates. Lipids. levels in individuals with PKU remain an urgent issue.
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Resumen

Introduccion: la ingesta dietética de los individuos con fenilcetonuria (PKU) puede variar ampliamente debido a los diferentes habitos culturales
de alimentacion, el estilo de vida, el acceso al equipo multidisciplinar y las formulas metabdlicas disponibles. Por ello, conocer la ingesta dietética
de esta poblacién permite adaptar las estrategias de tratamiento nutricional para incidir en su salud.

Objetivo: analizar la evidencia sobre la ingesta dietética de individuos con PKU.

Métodos: se realizd una revision bibliografica integradora sobre la ingesta dietética de las personas con PKU en las bases de datos PUBMED,
BIREME y Science Direct. El estudio incluyé articulos originales que abordaran la ingesta alimentaria de energia y macronutrientes de nifios,
adolescentes y/o adultos con PKU, sin restriccion de tiempo, en cualquier idioma. Se encontraron 384 articulos y se seleccionaron y analizaron 27.

Resultados: la evidencia de la composicion nutricional de la dieta mostré que los individuos con PKU consumen entre 1160 y 2721 kcal de
energia—7,2-17,4 % (32,4-76,9 g) de la energia en forma de proteinas, 45,9-69,2 % de la energia en carbohidratos, 16,6-39 % de la energia
en lipidos— y entre 7,6 y 20 g de fibra.

Conclusiones: la mayoria de los individuos con PKU tienen una ingesta baja de energia, proteinas y fibra, una ingesta adecuada de lipidos y una
ingesta alta de hidratos de carbono. El control metabdlico de la enfermedad sigue siendo un reto en todos los paises. Siguen siendo urgentes
las estrategias nutricionales para mejorar la composicion nutricional de la dieta y los niveles de fenilalanina en sangre de los individuos con PKU.

INTRODUCTION

Phenylketonuria (PKU) is characterized as an innate, autoso-
mal recessive alteration of phenylalanine metabolism caused by
variants in the gene 12022-g24.2 that encodes phenylalanine
hydroxylase (PAH) (1). PAH deficiency leads to accumulation of
the amino acid phenylalanine in the blood and, consequently, in
the cerebrospinal fluid, as it is not metabolized to tyrosine (2,3).
In PKU, tyrosine becomes an indispensable amino acid as it is
not provided endogenously by hydroxylation of phenylalanine, or
such conversion occurs to a very limited degree (4,5).

Early diagnosis and proper treatment prevent major neurocog-
nitive deficits (5,6). Treatment focuses on a natural low-protein
diet throughout life, with the goal of reducing phenylalanine in-
take (6). And, despite the fact that guidelines on the dietary treat-
ment of PKU (2,3,7-10) are similar worldwide, the dietary intake
of these individuals can vary widely because of different cultural
eating habits, lifestyle, access to specialized health services with
multidisciplinary team, and metabolic formulas available in each
location (11,12).

Thus, knowing the food intake of this population makes it pos-
sible to adjust the nutritional treatment and create guidelines and
strategies for food and nutrition education to have an impact on
the overall health of individuals with PKU. Thus, the objective of
this study was to analyze the evidence on food intake of individ-
uals with PKU.

MATERIAL AND METHODS

An integrative literature review was conducted based on the
analysis of articles that assessed the dietary intake of individ-
uals with PKU with the following guiding question; “What is the
nutritional composition of the diet of individuals with PKU?” The
development of this study followed the steps proposed for the
development of an integrative review (13). Initially, an identifica-
tion of the topic and a formulation of the research question were
performed, followed by the establishment of eligibility criteria;
database search; data analysis and interpretation; presentation,
interpretation and discussion of results.
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The study included original articles, available online and in full,
in any language, with no time limit, that addressed the energy
and macronutrient intake of children, adolescents and/or adults
with PKU without the use of drugs (e.g., sapropterin hydrochlo-
ride, pegvliase-pgpz). Articles whose content did not address the
guiding question, studies with pregnant women, infants or an-
imals, consensus statements, guidelines, theses, dissertations,
literature reviews, case studies, and abstracts were excluded. If
the study was an intervention study, only the baseline data of PKU
patients were evaluated.

The step corresponding to the search for studies was per-
formed in March and April 2022, in the Pubmed, Bireme and
Science Direct databases, using the descriptors: “macronutri-
ents”, “eating”, “nutritional status and “diet”. These descriptors
were associated with the term “Phenylketonuria” with the help of
the Boolean operators “AND” and “OR” (Table I).

Table I. Search strategies

Databases
PubMed

Search strategy

(“Diet” OR “macronutrients” OR “nutrientes”
Bireme OR “eating” OR “Nutritional status” AND
“phenylketonuria”)

Science Direct

The results were imported into the Excel® program and, after
checking for duplicates, they were summarized in another Excel®
spreadsheet. The analysis of the studies was performed by two
independent evaluators, starting with the analysis of the title and
then the abstract, using a standardized eligibility form, according
to the model proposed by the Brazilian Ministry of Health (14). For
this analysis, the following evaluation criteria were established:
type of study and food consumption in PKU.

Next, the selected studies were compared between the two re-
searchers to verify the agreement of the studies included in this
review. If there were differences, they were discussed based on
the pre-established inclusion criteria described above. After this
step, the articles were read in their entirety. The methodological
approach, data extraction and writing of the findings followed
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the PRISMA (Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses) guidelines (15). Data were organized and
summarized in tables with information about the studies, (au-
thor’'s name and year of publication), sample, method of food in-
take assessment, and main results found (energy intake, protein,
glucose, lipid, fiber, blood levels-metabolic control, and dietary
intake of phenylalanine. From the results found, the studies were
categorized into three tables.

RESULTS

The initial search resulted in 384 articles, which after exclusion
of duplicate documents totaled 365 studies. With the application
of the eligibility criteria, 63 articles were selected for analysis.
However, after full reading 36 documents were excluded, result-
ing in a final analysis of 27 articles (Fig. 1).

Table Il summarizes the studies found and published in the last
30 years, with more intensity in the last 10 years. The sample
size of the studies ranged from 10 to 101 individuals with PKU,
aged between 1 and 52 years. The countries with the highest
concentration of studies were the United States (n = 5), followed
by Brazil (n = 3) along with Italy (n = 3) and the United Kingdom
(n=3).

In most studies, the instrument to assess food intake was the
three-day food record. Only one study used the 24-hour food
recall method plus the Multiple Pass method and few used the
food intake frequency questionnaire (Table II).

S |dentified database
'§ records (n = 384) Records removed
& | | Pubmed: 116 —» | before sorting:
'g Bireme: 46 Duplicate records (n = 19)
= Science Direct: 222
_ Manually deleted records
- Selected records (7= 365) —» (n=1302)
=
=
]
S
@ Records evaluated for
eligibility (n = 63)
8 || Studies included in the
3 review (n = 27)
=
Figure 1.

Flowchart (PRISMA, 2020).
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The energy intake of individuals with PKU cited in the studies
ranged from 1160 to 2700 kcal/day (Table Ill). Among the stud-
ies that evaluated and compared the energy intake of individuals
with PKU with Recommended Dietary Intake (RDA) values, seven
studies found insufficient energy intake (18,31,34,37-40) and
one observed adequate intake (11). When comparing different
groups of individuals with PKU or with individuals with hyper-
phenylalaning, most (n = 6) articles observed no statistically
significant difference (p > 0.05) in energy intake between the
groups (16,24,26,36-38) and two studies found insufficient
energy intake (29,33), especially in individuals not adherent to
nutritional therapy for PKU (33). Also, three studies found no sta-
tistically significant difference (p>.05) between the energy intake
of individuals with PKU compared to the healthy control group
(21,28,35), and only one study found lower consumption (12).
The other studies did not compare the energy values found since
it was not the objective of their study.

The protein intake of individuals with PKU ranged from 32.4 g
to 76.9 g/day in the studies found (Table Ill). Among the studies
that compared the protein values found with the reference values
((RDA)/guidelines for PKU), seven studies found adequate protein
intake (17,18,31,32,37,39,40) and two verified insufficient in-
take (27,29). Studies that compared protein intake with a healthy
control group or hyperphenylalanine group (n = 5) showed lower
intake in the PKU group (12,26,28,35), and only one study (21)
showed similar intakes. Studies that compared protein intake be-
tween different groups of individuals with PKU showed similar
protein intake (16,24,36,38), except Modan-Moses et al. (33),
who found higher protein intake in the group of individuals ad-
herent to nutritional treatment for PKU. The other studies did not
compare the values found.

The carbohydrate intake reported in the studies was be-
tween 45.9 % and 69.2 % of the total energy value (TSV) of in-
dividuals with PKU (Table Il). Among the studies that evaluated
different groups of individuals with PKU, there was evidence of
higher carbohydrate intake in patients adherent to the recom-
mended dietary treatment (24,29) and in the younger groups
(ages between 12 and 14 years) (40) but other studies found
no statistically significant difference between different groups
with PKU over 5 years (16,36). Some works also showed high-
er carbohydrate intake in individuals with PKU compared to
healthy controls (12,25,26,28,30) or compared to Dietary
Reference Intakes (DRI) (11,16). Few studies (n = 3) found
adequate glycemic intake in the phenylketonuric population
(18,27,35).

Lipid intake of individuals with PKU ranged from 16.6 % to
39 % (Table lll). Studies with different groups of individuals with
PKU found no statistically significant difference in lipid intake
(33,34,36,38). However, it appears that PKU patients adherent to
dietary treatment had lower lipid intake than non-adherent PKU
patients (24,27,29). A lower lipid intake was observed in individ-
uals with PKU compared to healthy control groups (12,28) and
compared to reference dietary recommendations (16,40), while
other authors found no differences with respect to reference di-
etary recommendations (11,26,30,37).
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It is important to mention that Cornejo et al. (35) found no
statistically significant difference in the percentage of total fats
consumed between the PKU group and the healthy control group;
however, they found differences between the types of fats con-
sumed, with higher consumption of polyunsaturated fats and lin-
oleic acid and lower consumption of saturated fats, monounsatu-
rated fats and alphalinoleic acid in the PKU group. Only one study
demonstrated higher fat intake in individuals with PKU compared
to the reference dietary recommendations (18).

The fiber intake by individuals with PKU ranged from 7.6 g to
20 g/day (Table Ill). The results showed insufficient consumption
in relation to dietary recommendations (18), adequate in others
(20,26), and higher than the healthy group evaluated (28), which
shows the need for further studies in this area.

Phenylalanine intake was assessed by few studies (n = 7) and
showed intake between 393 and 2723 mg/day (Table IV). The
studies that compared different groups with PKU (n = 3) found
no statistically significant difference in phenylalanine intake
(16,33,37). However, the studies that compared the values of
phenylalanine consumed with the reference recommendations,
mostly verified adequate consumption (11,31,40), while only one
study found high consumption (23).

On the other hand, the blood phenylalanine level (Table IV) was
described by most studies and ranged from 1.98 to 22.1 mg/dL.
The metabolic control of the disease is classified as adequate
when blood phenylalanine values are between 2-6 mg/dL for the
age group from 0 to 12 years and between 2 and 10 mg/dL
for those older than 12 years (3). Some studies evidenced
adequate metabolic control in most of the sample analyzed
(11,19,20,24,29,32,34,35) while others observed levels above
reference values (23,27,37,40). Studies that compared different
groups of individuals with PKU mostly found no statistically signif-
icant difference between the groups (16,33) and only one article
found different results according to type of PKU, with unsatis-
factory (high) metabolic control in classical PKU and adequate
control in mild PKU (17).

DISCUSSION

The study presented here investigated the evidence of dietary
intake of individuals with PKU and the metabolic control of the
disease and, demonstrated that individuals tend to have low en-
ergy, protein, and fiber intake, adequate lipid intake, and high
glucose intake, with elevated blood phenylalanine levels.

The most commonly used instrument to assess food intake in
this study was the three-day food record. Only one study used
the 24-hour food recall method plus the Multiple Pass method.
This method consists of five steps, starting with the participant’s
fast report of all foods and beverages consumed in an uninter-
rupted manner, and at the end of the fast report, the respondent
is asked if he or she remembers any other food or beverage that
he or she did not report, with a listing of commonly forgotten
foods by the interviewer. At the end of this report, the participant
is asked about the type, time and place of each meal. Then a

T. R. Mezzomo et al.

detailed breakdown of the food is requested, including, for exam-
ple, preparation method, quantities, sizes, and home measures,
as well as information on the addition of other foods. The inter-
view is concluded with a complete review of the foods, with the
interviewer listing the report to the interviewee, encouraging the
reporting of possibly forgotten and/or omitted foods (41).

The energy intake of individuals with PKU is lower than that of
healthy groups (18,31,37,39,40). The lower energy intake may
be related to low food intake, failure to record some foods (37),
the socioeconomic situation of the family, food neophobia and/
or fear of reprisal in the case of food consumption higher than
the recommendation, or even omission by consumption of foods
considered prohibited, and also the relationship and trust of the
patient in his team of health professionals.

So far, only one study compared the resting energy expendi-
ture of adolescents with PKU with healthy adolescents and found
no statistically significant differences between them (42). As well,
only one study evaluated the resting energy expenditure of chil-
dren and adults with PKU and found no statistically significant
difference with their respective control groups (43). More studies
are needed to confirm that PKU does not alter the energy expen-
diture of individuals.

In children with PKU, food intake is based on a smaller number
of foods, offering little dietary variety (20). Thus, the use of pro-
tein substitutes (bread, noodles, cookies, cake mixes, low-protein
cereal bars, and animal milk substitutes, for example) can con-
tribute to reduced natural protein intake and provide 30 to 50 %
of energy requirements (20,28), improving diet variety, nutritional
management (44), food and nutrition security (45) and metabolic
control of the disease, as protein catabolism leads to increased
phenylalanine concentrations in the blood (20). However, on the
other hand, uncontrolled use of protein substitutes may contrib-
ute to obesity (28,44) since there is still more attention on taste
and presentation than on nutritional composition (4,28).

A considerable number of papers demonstrate that the pro-
tein intake of individuals with PKU is insufficient (12, 26-29). In
PKU patients, a well-defined dietary treatment with phenylala-
nine-free L-amino acid blended formulas and special low-protein
foods provides natural protein restriction, adequate protein in-
take, and adequate growth and development (6,46).

Protein recommendations for individuals with PKU stem from
protein recommendations for healthy individuals, additional fac-
tors that may influence protein utilization in PKU such as as-
similation of phenylalanine-free amino acids compared to natural
(intact) protein, growth of individuals with PKU, and studies in-
vestigating metabolic control with different dosages of phenylal-
anine-free amino acids (4). In consensus, it is recommended to
provide 20 % additional amino acids daily, on ideal body weight,
to compensate for losses of undigestible amino acids and an
additional 20 % to optimize the effect of amino acids on blood
phenylalanine control (8,47).

Studies have shown that amino acid mixtures show differenc-
es in intestinal absorption rate compared to natural protein, with
faster absorption peaks, steeper reductions in blood concentra-
tion, and greater nitrogen losses (46). Glycomacropeptide (GMP),
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a protein derived from cheese whey, rich in threonine and isole-
ucine and almost free of phenylalanine, tyrosine and tryptophan,
has been used, with supplementation of other essential amino
acids without phenylalanine, in the therapeutic diet of individuals
with PKU (6,48). Studies with this protein demonstrate slower
absorption, lower L-amino acid degradation, better protein re-
tention compared to phenylalanine-free amino acids, improved
palatability (49,50), immunomodulatory role (50,51) and improve
the biodiversity of the intestinal flora by presenting a prebiotic
role, since its structure has extensive glycosylation with sugars
(sialic acid, galactosyl and N-acetylgalactosamine), which are
substrates for some beneficial bacteria such as Lactobacillus
and Bifidobacteria (6,50,51).

With reduced protein intake, individuals also tend to reduce
their fat intake and energy needs can be met by overconsump-
tion of carbohydrates (12,25,52) with a high glycemic index (28).
The starch sources of low-protein foods of bread and pasta are
usually derived from isolated starch from wheat, corn, and rice.
Isolated starches are refined, with different physiological proper-
ties compared to complex forms of starch, and foods containing
them may have a higher glycemic index than those made with
wheat flour. Also, the high intake of sugar in sweet drinks is also
problematic. On the other hand, many “sugar-free” beverages
are unsuitable for individuals with PKU because they contain as-
partame, a sweetener that is a source of phenylalanine, limiting
the choice of foods consumed (20).

Insulin resistance, as measured by HOMA-IR (Homeostasis
Model Assessment Insulin Resistance), is higher in individuals
with PKU compared to healthy controls (25). This fact may be
related to metabolic changes caused by prolonged intake of high
levels of carbohydrates, especially if accompanied by excess
energy intake (25). In addition, higher triglyceride rates have
been reported in individuals with PKU, suggesting an association
of serum lipids with the quality of the carbohydrate consumed
(20,28,52).

On the other hand, it is known that carbohydrate intake stim-
ulates insulin secretion that culminates in protein synthesis and
increased amino acid transport into cells (53). In this regard, a
study showed that postprandial net protein absorption improved
by 5 % and nitrogen retention by 14 % when carbohydrates
were ingested along with protein (54). Therefore, providing the
phenylalanine-free amino acid formula along with carbohydrates,
especially of good quality, to individuals with PKU optimizes the
nutrients offered.

The consumption of fiber in the population with PKU is still
poorly studied. Different sources of fiber interfere with the gut
microbiome, increasing or decreasing the risk of chronic diseas-
es such as inflammatory bowel disease and obesity (20). Gene
richness of the fecal microbiome is positively correlated with
consumption of fruits, vegetables, polyphenols, and prebiotics
(6,55). Fruits and vegetables low in phenylalanine (< 75 mg/100
0), except potatoes, do not impact the control of phenylalanine
levels and should be encouraged in a low phenylalanine diet as
a source of beneficial fiber (56). On the other hand, cereal and
whole grain fibers, associated with a lower risk of cardiometa-
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bolic disease and colorectal cancer should be excluded from a
phenylalanine-restricted diet (20).

Lipid intake by individuals with PKU is within the RDA
(12,18,20,22-24,26-29,37,40). The main source of fats in the
diet of individuals with PKU are vegetable oils, butter, margarine,
and small amounts of heavy cream. And, as in vegetarian diets,
vegetable fats provide mostly, polyunsaturated fatty acids, mainly
linoleic acid (40), which reflects in lower total/LDL cholesterol
rates (20,52). Also, elevated phenylalanine levels are associated
with impaired cholesterol synthesis due to dysregulated expres-
sion of 3-hydroxy-3-methylglutaryl-CoA reductase and inhibition
of mevalonate 5-pyrophosphate decarboxylase, in addition to
high consumption of acetyl CoA to synthesize phenylacetylgluta-
mine, causing hypocholesterolemia (52,53).

Low plasma concentrations of linolenic acid, arachidonic acid
(AA), docosahexaenoic acid (DHA), and eicosapentaenoic acid
(EPA) have been found in PKU patients (57,58). Diet deficient in
essential fatty acids and the accumulation of toxic metabolites can
affect the enzymes of lipid metabolism, causing increased oxidative
stress, lipid peroxidation, and inflammation (59). In these cases,
supplementation of essential fatty acids may be necessary, since
these fatty acids play an important role as a constituent of cell
membranes, cognitive functioning and visual development (53).

The results on the dietary intake of individuals with PKU
prompt reflection on the factors that influence food choice, which
are complex and include access to adequate food, socioeconom-
ic components, nutritional knowledge and monitoring, psycho-
logical and cultural aspects. In addition, parents’ eating habits
are an important factor influencing their children’s food choice.
Food preferences and aversions develop mainly during the first
years of life, resulting in stable eating patterns, which imposes
the need for continuous actions of food and nutrition education
for this population, starting as early as possible.

Data on the metabolic control of PKU in different individuals
show the difficulty in maintaining blood phenylalanine values
at adequate levels. The mechanism by which elevated phenyl-
alanine causes neurotoxicity in PKU is unclear. Possible expla-
nations include reduced amino acid transport to the brain and
subsequent reduced protein production and enzyme activities,
particularly enzymes involved in neurotransmitter synthesis. Ele-
vated blood phenylalanine competes with the transport of large
neutral amino acids (including tyrosine and tryptophan) to the
brain, causing an overall reduction in the levels of these amino
acids in the brain (60). Although neurotoxicity is the hallmark of
PKU pathology, there is also an effect of hyperphenylalanemia
in the liver, the primary site of PAH enzyme expression. Tran-
scriptome and proteomics data have shown alterations in a large
number of liver genes, suggesting impairment of metabolic path-
ways of energy substrate utilization, but with reversible changes
after adjustment of blood phenylalanine levels (59,60).

The very limited diet, the need to maintain strict eating routines,
and the preparation and adequate consumption of the phenylal-
anine-free amino acid formula may require management of 19
hours per week (17), and in the scarcity of time for planning ac-
tivities, these factors contribute to inadequate metabolic control.
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This is the first study we know of that has provided an overview

of the dietary intake and blood phenylalanine levels of different
individuals with PKU and followed most of the steps of a sys-
tematic review. However, this study was unable to characterize
dietary intake in each life cycle, as most studies did not separate
individuals in their analyses.

CONCLUSION

This study showed that individuals with PKU tend to have low

energy, protein and fiber intake, adequate lipid intake, and high
glucose intake. The metabolic control of the disease in individ-
uals is still a challenge in all countries. The search for drug and
non-drug strategies to control blood phenylalanine levels in indi-
viduals with PKU remains an urgent need.
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