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Sleep disorders in phenylketonuria e

Phenylketonuria (PKU) is an autosomal recessive metabolic
disorder caused by deficient activity of the enzyme L-phenyl-
alanine-4-hydroxylase, which catalyses the irreversible
conversion of phenylalanine (Phe) to tyrosine. PKU is usually
detected by newborn screening, enabling early diagnosis and
treatment which prevent the intellectual disability and other
typical manifestations of the disease. However, there are
factors affecting the quality of life of patients that are poorly
understood. Even following Phe-restrictive dietary recom-
mendations for all age groups, evidence suggests that PKU
management has resulted in sub-optimal outcomes, including
slight deficits in neurocognitive and psychosocial metrics. As
aresult of the enzymatic deficiency, the metabolic pathway of
phenylalanine is disrupted, and the high blood and brain
concentrations of phenylalanine impair the transport of large
neutral amino acids across the blood—brain barrier (i.e.,
tryptophan-serotonin precursor- and tyrosine -dopamine
precursor-). This impaired availability of biosynthesis pre-
cursors induces dopamine and serotonin deficiencies.
Because of the key role as sleep modulators of both neuro-
transmitters, it is reasonable to think that PKU patients are
therefore a population at risk for sleep disorders.

It is well established that adequate sleep is essential for
general healthy functioning and altered sleep negatively in-
fluences neurobehavioral functioning, including lapses of
attention, slowed working memory, reduced cognitive
throughput, depressed mood, and perseveration of thought.

It has been demonstrated that PKU adult patients have a
higher prevalence of sleep problems, a reduced sleep quality,
and an increased latency to fall asleep and experience more
sleepiness during the day.' Prevalence of sleep disturbance
in PKU adults patients aged 20 to >80 years is 14.4% vs 6.9%
in general population.” However, this increased prevalence
of sleep problems is not observed in early-treated PKU chil-
dren and adolescent patients. The prevalence of sleep dis-
orders in this age group is similar to that found in the
general population (12.5%, mean age 12 years), despite the
fact they present with dopamine and serotonin deficits.’
Several possible explanations of this apparent age-
dependent prevalence of sleep problems in PKU patients
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can be kept in mind. More exposure over time or a greater
deficit of neurotransmitter synthesis could be necessary to
induce a sleep disorder, and therefore, sleep disorders would
be more frequent in adults than in young early treated PKU
patients. However, another reasonable explanation could be
that these abnormalities in neurotransmitter availability are
not specifically linked to possible sleep problems; in treated
and untreated PKU patients, sleep-EEG measurements indi-
cate differences in the number of sleep spindles despite
similar REM and non-REM distribution compared to healthy
controls.* Finally, in studies using the PKU mouse model,
high levels of orexin A (hypocretin 1) were reported. This
neuropeptide has a key role regulating the sleep—wake cycle
and has been associated with wakefulness.” Further longi-
tudinal studies to deepen in the pathophysiology of these
disorders are needed.

A better understanding of the presence and severity of
sleep disturbances in PKU patients, with the habitual clinical
use of sleep disturbance scales, and its pathophysiology could
lead to the improvement of treatment strategies by including
sleep quality as an additional treatment target.

REFERENCES

1. Bruinenberg VM, Gordijn MCM, MacDonald A, van Spronsen FJ,
Van der Zee EA. Sleep disturbances in phenylketonuria: an
explorative study in men and mice. Front Neurol 2017;8:167.

2. Bilder DA, Kobori JA, Cohen-Pfeffer JL, Johnson EM, Jurecki ER,
Grant ML. Neuropsychiatric comorbidities in adults with
phenylketonuria: retrospective cohort stu dy. Mol Genet Metab
2017;121(1):1-8.

3. Gassid R, Gonzalez MJ, Sans O, Artuch R, Sierra C,

Ormazabal A, Cuadras D, Campistol J. Prevalence of sleep
disorders in early-treated Phenylketonuric children and
adolescents. Correlation with dopamine and serotonin status.
Eur ] Paediatr Neurol 2019;23:685—91.

4. Schulte FJ, Kaiser HJ, Engelbart S, Bell EF, Castell R, Lenard HG.
Sleep patterns in hyperphenylalaninemia: a lesson on
serotonin to be learned from phenylketonuria. Pediatr Res
1973;7:588-99.

5. Surendran S, Rady PL, Szucs S, Michals-Matalon K, Tyring SK,
Matalon R. High level of orexin A observed in the
phenylketonuria mouse brain is due to the abnormal
expression of prepro-orexin. Biochem Biophys Res Commun
2004;317:522—6.


http://refhub.elsevier.com/S1090-3798(19)30358-7/sref1
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref1
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref1
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref2
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref2
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref2
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref2
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref2
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref3
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref4
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref4
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref4
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref4
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref4
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref5
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref5
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref5
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref5
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref5
http://refhub.elsevier.com/S1090-3798(19)30358-7/sref5
https://doi.org/10.1016/j.ejpn.2019.08.005
https://doi.org/10.1016/j.ejpn.2019.08.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejpn.2019.09.002&domain=pdf
https://doi.org/10.1016/j.ejpn.2019.09.002
https://doi.org/10.1016/j.ejpn.2019.09.002

EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY 23 (7OT9) 670*67T 671

o o o ML Couce https://doi.org/10.1016/j.ejpn.2019.09.002
Metabolic Unit, Hospital Clinical Umue.TSIty_ of Santlago de Com- 1090-3798/© 2019 European Paediatric Neurology Society. Pub-
postela, IDIS, CIBERER, University of Santiago, Spain lished by Elsevier Ltd. All rights reserved.

E-mail address: Maria.Luz.Couce.Pico@sergas.es


mailto:Maria.Luz.Couce.Pico@sergas.es
https://doi.org/10.1016/j.ejpn.2019.09.002
https://doi.org/10.1016/j.ejpn.2019.09.002
https://doi.org/10.1016/j.ejpn.2019.09.002

	Sleep disorders in phenylketonuria
	References


