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Abstract

Background: Phenylketonuria (PKU) is the most common meta-
bolic cause of mental retardation. Increased concentrations of Phe 
in PKU have a neurotoxic effect, contributing to the structural brain 
damage, severe mental retardation, and psychiatric disturbances. 
Co-occurrence of autism and PKU has been described in several 
studies. The toxic levels of Phe appear to play a significant role in 
the development of autism symptomatology. Our objective was to 
assess autistic features in a cohort of late diagnosed PKU children.

Methods: Thirty-two PKU pediatric patients diagnosed after the 
age of one year and followed up at Pediatric University Hospital, 
Assiut University, Egypt. DSM-IV TR and CARS were used for 
diagnosis and classification of autism cases. FSIQ and MRI brain 
were done for all cases. EEG was done for cases with convulsions.

Results: Autism was present in 8 (25%) cases; 3 were females and 
5 were males, 2 had severe autism and 6 had mild/moderate autism, 
5 patients had classic PKU and 3 had moderate PKU, 3 cases had 
mild mental retardation and five have moderate mental retardation.

Conclusion: Delay in the diagnosis and management of PKU leads 
to very high incidence of intellectual disabilities and autistic fea-
tures in these patients.
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Introduction

Phenylketonuria (PKU) is the most prevalent disorder caused 

by an inborn error in amino acid metabolism. It is the most 
common metabolic cause of mental retardation [1]. The dis-
order is characterized by deficiency in the hepatic enzyme 
phenylalanine hydroxylase (PAH) or its cofactor tetrahydro-
biopterin (BH4). Phenylalanine (Phe) cannot be converted 
to tyrosine (Tyr); this results in the harmful buildup of Phe 
in the body and a deficiency of Tyr, a precursor to the neu-
rotransmitters dopamine and norepinephrine in the central 
nervous system. Phenotypes can vary from a mild increase in 
blood Phe concentrations to a severe classic phenotype with 
pronounced hyperphenylalaninaemia. Increased concentra-
tions of Phe have a neurotoxic effect, contributing to the 
structural brain damage, severe mental retardation, and psy-
chiatric disturbances [1-4]. The incidence of PKU in Cau-
casian populations is between 1 in 10,000 and 1 in 15,000 
people, with higher incidence in Turkey (1 in 2,600) and 
Arabic populations (1 in 6,000). It has been suggested that 
this higher incidence of PKU is due to the high prevalence 
of consanguinity [1, 5]. Early identification of PKU through 
newborn screening and early initiation of treatment with a 
Phe-restricted diet have prevented the most severe compli-
cations of this disorder. However, psychiatric disorders, be-
havioral problems, and cognitive deficits commonly occur 
[6]. There are three mechanisms through which elevated Phe 
indirectly affects brain function, including myelin abnor-
malities, disruption of amino acid transport across the blood-
brain barrier, and reductions in neurotransmitters. Magnetic 
resonance imaging (MRI) studies document an association 
between high Phe levels and reduced myelin. Although the 
mechanism by which Phe affects myelin is not clear, myelin-
ation is delayed in untreated or poorly treated children with 
PKU, and dysmyelination occurs in adults who discontinue 
the Phe-restricted diet [7, 8].

Autism is a behaviorally defined syndrome beginning 
before 3 years of age that is characterized by pervasive defi-
cits in social interaction, impairment in verbal and nonver-
bal communication, and stereotyped patterns of interests and 
activities. Autism spectrum disorder is present in 1 in 150 to 
166 individuals, with 3 to 6 more boys affected than girls. 
Several neuropathologic changes, including abnormalities in 
the hippocampus, amygdala, cerebellum, and cerebral cor-
tex, have been described [9, 10]. Co-occurrence of autism 
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and PKU has been described in several studies [11-13], al-
though the strength of the association is inconsistent and dif-
ficult to determine as a result of significant improvements in 
early identification and treatment. The exact percentage of 
individuals with phenylketonuria who display autistic fea-
tures is difficult to determine, especially since the introduc-
tion of treatment. Studies found an autism frequency ranging 
from 2.7% to 5.7% in individuals with PKU [14, 15]. The 
association between autism and PKU has important impli-
cations for understanding possible underlying factors in the 
development of autism. In the case of PKU, the toxic levels 
of Phe appear to play a significant role in the development 
of autism symptomatology [14]. Biogenic amines have been 
shown to facilitate formation of synapses in the developing 
brain. The accumulation of Phe in patients with PKU with 
lack of biogenic amines in the brain is associated with the 
presence of mental retardation and autism [16].

The current study was conducted to assess autistic fea-
tures in a cohort of late diagnosed PKU children (namely 
first diagnosed with phenylketonuria after at least one year 
of age) in Assiut, Upper Egypt.

 
Material and Methods

   
Thirty-two PKU pediatric patients diagnosed late after the 
age of one year and followed up at Pediatric University Hos-
pital, Assiut University, Egypt, from Jan 2004 until Jan 2012.

Inclusion criteria: 1), PKU Patients diagnosed 1 year or 
more after birth; 2), No evidence of any other systemic or 
metabolic diseases; 3), No history of significant head injury 
or neurological disease.

Exclusion criteria: early and continuously treated PKU 
patients.

Informed written consent was obtained from each care-
giver. The study was approved by the Ethical Committee of 
Assiut University, Assiut, Egypt.

The study was conducted over a 1.5 year period. Eligible 
subjects were evaluated according to the following. 

Detailed history with carefully gathered information by 
structured parent interview, paying special attention to fam-
ily history of consanguinity, similar conditions of PKU in the 
family, time of onset of PKU symptoms, autistic symptoms, 
social/interpersonal activities, self care, pattern of any cogni-
tive decline, behavioral and learning disorders, delayed mo-
tor milestones, mental retardation, seizures and prenatal and 
perinatal history.

General and meticulous neurological examination: (con-
sisting of anthropometric measurements, testing limb tone 
and strength, tendon reflexes, tremors, and tests for cerebel-
lar function).

Full Scale IQ (FSIQ) test: by applying Stanford Binet 
Intelligence Scale, Fourth Edition; the test is valid by using 
factorial validity, criterion validity and also some studies op-

erate in the culture of Egypt that sub testes of Stanford-Binet 
(4th edition) [17]. For a standardized definition of mental re-
tardation, DSM IV TR requires an IQ of approximately 70 or 
below on an individually administered IQ test with concur-
rent deficits or impairments in present adaptive functioning 
(namely, the person’s effectiveness in meeting the standards 
expected for his or her age by his or her cultural group) in at 
least two of the following areas: communication, self-care, 
home living, social/ interpersonal skills, use of community 
resources, self-direction, functional academic skills, work, 
leisure, health, and safety provided that onset is before the 
age of 18 years. Individuals with IQ scores of 50 - 70 are 
classified as having mild mental retardation; those with IQ 
level of 35 - 50 have moderate mental retardation, those with 
IQ level ranging from 20 to 35 have severe mental retarda-
tion and finally subjects with an IQ level below 20 are clas-
sified as having profound mental retardation. IQ scores of 
70 - 90 are often classified as borderline and scores of 90 or 
higher are considered normal [18].

Autistic disorder was diagnosed according to DSM-IV 
TR diagnostic criteria [19], structured interviews of at least 
one hour each both with the parents and the child were per-
formed, in a room equipped with play material appropriate 
for age level. Later on, another two hours-session was con-
ducted for classification of autism cases by using the Child-
hood Autism Rating Scale (CARS) [20]. CARS is a well-es-
tablished scale for the screening and diagnosis of childhood 
autism with complete agreement between DSM-IV TR diag-
nostic criteria and CARS [21]. The scale assesses behavior in 
14 domains that are generally affected by severe problems in 
autism, plus one general category of impressions of autism, 
with the aim of identifying children with autism, as differen-
tiated from the other developmental disorders. The 15 items 
in the scale are: relating to people; imitative behavior; emo-
tional response; body use; object use; adaptation to change; 
visual response; listening response; perceptive response; fear 
or anxiety; verbal communication; non-verbal communica-
tion; activity level; level; consistency of intellective relations 
and general impressions. The examiner assigned a score of 
1 to 4 for each item: 1 indicates behavior appropriate for 
age level, while 4 indicates severe deviance with respect to 
normal behavior for age level. The scores for the single items 
are added together into a total score, which classifies the 
child as not autistic (below 30), mild or moderately autistic 
(30 - 36.5) or severely autistic (above 36.5) [20, 21].

Phenylalanine Levels: Concurrent levels for all cases 
with PKU (taken directly after completion of psychological 
assessment) were included. The results were compared with 
previous recent Phe levels to assess the representativeness of 
the concurrent level. PKU is classified into three categories 
based on severity at diagnosis: classic PKU (plasma Phe > 
1,200 µmol/L), moderate PKU (plasma Phe > 600 - 1,200 
µmol/L), or mild PKU (plasma Phe 360 - 600 µmol/L) [22].

EEG was done for cases with convulsions, MRI brain 
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was done for all cases.

Statistical analysis

The statistical study was performed with the SPSS program 
(version 19.0). Pearson chi-square test was applied to search 
for association between categorical variables. ANOVA cor-
rection was used to compare quantitative variables when 
the number of data was higher than 30, the distribution was 
normal and the variances were not significantly different 
(Levene test). Otherwise Pearson test was used for correla-
tions between quantitative data. Statistical significance was 
accepted for P < 0.05.

 
Results

  
Thirty-two PKU pediatric patients were enrolled in this study 
after obtaining the parents informed consent. Table 1 shows 
demographic data and classification of patients. The age at di-
agnosis ranged from 3 years to 8 years (5.47y ± 1.45 y). Late 
diagnosis of PKU in studied patients is attributed to the lack 
of screening program for PKU in Egypt. The study included 
22 males (68.80%) and ten females (31.20%), 20 patients 

(62.50%) had classic PKU; 16 patients (34.40%) had moderate 
PKU and one patient (3.1 %) with mild PKU. There were posi-
tive consanguinity and family history of PKU in 87.50 % and 
65.62 % of patients respectively.

As regard clinical findings, Tables 2 and 3 show that micro-
cephaly was present in 29 cases (90.62%), fair complexion was 
observed in 27 cases (84.37%), and musty urine odor was ob-
served in 23 cases (71.87%), seizures were present in 21.87%, 
and skin lesions in 43.75%. Neurological examination revealed 
hyperreflexia in 3 (9.4%) patients, tremors in 4 (12.5%) patients.

Autism was present in 25% of all cases; patients were di-
agnosed according to DSM-IV TR criteria and classified ac-
cording to the Childhood Autism Rating Scale (CARS). Table 
4 and 5 show all cases diagnosed with autism (8 cases); 3 were 
females and 5 were males, 2 had severe autism and 6 had mild/
moderate autism, 5 patients had classic PKU and 3 had mod-
erate PKU, 3 cases had mild mental retardation and five have 
moderate mental retardation. All cases with autism had negative 
family history for autistic disorders.

IQ scores of studied patients ranged from 34 to 72 (assessed 
using Stanford Binet Intelligence Scale, Fourth Edition); the 
mean IQ of all cases is 51.71 ± 10.94. Severe mental retardation 
was present in 2 cases (6.25%), 14 cases (43.75%) have moder-
ate mental retardation; 16 cases (50.00%) have mild and border-

Variable Frequency Percent

Sex
Male 22 68.80%

Female 10 31.20%

Total 32 100%

Age

Range 3 - 8 years

Mean ± SD 5.46 y ± 1.44 y

Consanguinity 28/32 87.50%

Positive family history of PKU 21/32 65.62%

Classification according to Phe level at diagnosis

Mild PKU
(Plasma Phe 360 - 600 µmol/L)

1 3.10%

Moderate PKU
(Plasma Phe > 600 - 1,200 μmol/L)

11 34.40%

Classic PKU
(Plasma Phe > 1,200 µmol/L)

20 62.50%

Total 32 100%

Table 1. Demographic Data of Study Group
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line mental retardation (Table 5). Magnetic resonance imaging 
(MRI) of the brain was done for all patients, periventricular in-
creased white matter signal in T2 weighted studies was detected 
in 28 (87.50%) of them. The abnormalities affected mainly the 
occipital lobe (Table 3).

Discussion
  
Untreated PKU patients typically develop mental retarda-
tion, seizures, growth retardation, hyperreflexia, and skin 
lesions. Brain pathology of untreated patients is character-
ized by reduced brain weight and hypo- and demyelination 
of cerebral white matter. Although gray matter changes in 
cortical layering, tissue mass atrophy and reduced dendritic 
arborization have been reported, the primary neuropatho-
logic finding of PKU is that of diffuse abnormalities within 
white matter. Reduction in brain size is largely due to white 
matter volume loss. Specific white matter abnormalities in-
clude delayed or defective myelination, diffuse white matter 
vacuolization (status spongiosus), demyelination, and glio-
sis [1, 22]. Newborn screening for PKU and the introduc-
tion of a low- Phe therapeutic diet for infants diagnosed with 
PKU prevents the most serious consequences [1]. In Egypt, 
neonatal screening is applied only for hypothyroidism and 
so diagnosis of PKU depends on clinical manifestations de-
tected by experienced physicians, leading to late diagnosis 

of this disease in an irreversible stage.
In the present study; microcephaly, fair complexion and 

musty urine odor were the most frequent clinical manifesta-
tions detected in 90.62%, 84.37% and 71.87% of all cases 
respectively. Seizures and skin lesions were much less fre-
quent detected in only 21.87% and 43.75% of studied pa-
tients respectively.

Baieli et al [23] studied a group of 35 patients with late 
diagnosis of PKU; 17 (48.5%) had microcephaly and 12 
(34.2%) had seizures. Gonzalez et al [24]; reported epilepsy, 
tremors and hyperreflexia in 31%, 93.10 % and 27.60% re-
spectively of their PKU series with late diagnosis. In other 
studies; Paine [25] observed that both skin lesions and sei-
zures are proportionately more frequent in severely retarded 
patients with PKU than in those with lesser degrees of in-
tellectual defect. In addition, the majority of these patients 
have blue eyes and blond hair. Mazur et al [26] observed 
that poor physical growth, short stature and microcephaly 
were the most important manifestations in their cases with 
untreated PKU.

In our study, the mean IQ of studied patients was 51.71, 
with one half of patients had moderate to severe mental re-
tardation, and the other half had mild and borderline men-
tal retardation. Also the present study there were significant 
negative correlation between IQ and Phe level (r = -0.587, P 
< 0.000) Figure 1. The same result reported by Gonzalez et 
al [24], who also reported mild to severe mental retardation 

Table 2. Clinical Data of Study Group

Table 3. Neuro- Radiological Complication

Variable Frequency Percent

Fair complexion 27 (84.37%)

Musty urine odor 23 (71.87%)

Epileptic seizures 7 (21.87%)

Microcephaly 29 (90.62%)

Skin lesions 14 (43.75%)

Variable Frequency Percent

*Hyperreflexia 3 (9.4%)

*MRI abnormality 28 (87.5%)

*Tremor 4 (12.5%)
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in 46.3%, borderline mental retardation in 28.5% and normal 
IQ scores in 25% [24]. Baieli et al [23] reported mental retar-
dation in all patients with late diagnosis of PKU (IQ scores 
ranged from 37 to 49 and mean IQ 45.4).

PKU was typically associated with severe intellectual 
impairment prior to the introduction of newborn screening 
and early dietary intervention. In contrast, early treated pa-
tients typically present with intellectual functioning within 

Table 4. Details for All Cases in the Study

Case Sex
Age 
(Y) FSIQ

Mean 
Phe 
Level
µmol/L

Type of 
Pku

Cars
Scores

Neuro-Radiological 
Complications

1 M 3.5 70 517 Mild 18 MRI findings

2 M 4 42 1,651 Classic 45 Epilepsy, MRI findings
3 F 5 43 1,304 Classic 36 MRI findings
4 M 4.5 57 1,022 Moderate 20 Epilepsy, Tremor, MRI 

findings

5 M 6 32 1,404 Classic 21 -
6 M 7 36 1,203 Classic 15 Epilepsy, MRI findings
7 F 3.5 61 1,009 Moderate 24 Tremor, MRI findings
8 F 8 46 1,478 Classic 21 MRI findings
9 M 6.5 48 1,674 Classic 30 MRI findings
10 F 3.5 62 892 Moderate 30 MRI findings
11 M 8 45 1,702 Classic 32 MRI findings
12 F 5 40 1,652 Classic 15 Hyperreflexia, MRI findings
13 M 5 34 1,508 Classic 16 -
14 M 4 58 1,773 Classic 15 Epilepsy, MRI findings
15 M 5 64 738 Moderate 21 MRI findings
16 M 8 51 907 Moderate 39 Epilepsy
17 M 3 64 911 Moderate 15 MRI findings
18 M 4 62 1,033 Moderate 27 MRI findings
19 F 4.5 41 1,266 Classic 33 Hyperreflexia, MRI findings
20 M 5 58 1,004 Moderate 35 MRI findings
21 F 6 45 1,515 Classic 15 MRI findings
22 M 6 39 1,300 Classic 15 Tremor, MRI findings
23 M 5.5 46 1,722 Classic 18 MRI findings 
24 M 7.5 47 1,611 Classic 18 MRI findings
25 M 6 59 1,009 Moderate 19 MRI findings
26 M 7 43 1,453 Classic 19 MRI findings
27 F 7 48 1,702 Classic 16 Tremor, MRI findings
28 M 5 72 942 Moderate 15 MRI findings
29 M 5 67 1,611 Classic 18 MRI findings
30 F 6 54 1,569 Classic 16 Epilepsy, MRI findings
31 M 4 55 1,619 Classic 19 Epilepsy, hyperreflexia
32 F 7 65 760 Moderate 26 MRI findings
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Table 5. IQ Scores and Autistic Scores Among PKU Cases

Figure 1. Correlation between IQ and Phe level.

the normal range but often obtain lower scores compared to 
unaffected familial controls and unaffected non familial con-
trols [1, 3].

The pathology underlying cognitive dysfunction in phe-
nylketonuria is unknown, although it is clear that the high 
plasma concentrations of phenylalanine influence the blood-
brain barrier transport of large neutral amino acids. The high 
plasma phenylalanine concentrations increase phenylalanine 
entry into brain and restrict the entry of other large neutral 
amino acids. Phenylalanine was found to interfere with dif-

ferent cerebral enzyme systems. However, apart from the 
neurotoxicity of phenylalanine, a deficiency of the other 
large neutral amino acids in brain may also be an important 
factor affecting cognitive function in phenylketonuria [27].

The association between PKU and autism has been 
documented; however, the frequency of this condition varies 
widely among studies [23]. Autism was present in 25% of 
all cases in our study that of all cases diagnosed with autism 
(8 cases); 3 were females and 5 were males, 2 had severe 
autism and 6 had mild/moderate autism, 5 patients had clas-

Variable Frequency Percent

IQ scores
Range 32 - 72

Mean ± SD 51.71 ± 10.94

-mild and borderline 16 50.00%

-moderate 14 43.75%

-severe 2 6.25%

Total 32 100%

CARS scores

> 36.5 (severely autistic) 2 (6.25%)

≥ 30 - 36.5 (mild/moderate Autistic) 6 (18.75%)

< 30 (not autistic) 24 (75%)

Total 32 100%
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sic PKU and 3 had moderate PKU. In agreement with our 
results; Knobloch and Pasamanick [28] reported autism in 
14 cases (21.8%) of children with PKU. Hackney et al [29] 
identified 9 patients (19.56%) with autism out of 46 PKU pa-
tients. Friedman [30] described over 40 cases with PKU and 
autism in a review article. Lowe et al [11] identified 2 autistic 
patients with PKU. More recent studies including Baieli et al 
[23], who reported that 5.7% of late diagnosed PKU cases 
had autism. Halayem-Dhouib [31] reported 14 children were 
suffering from autism in a series of 19 PKU patients.

The link between poor control/ late diagnosis PKU and 
autism suggests that with improvements in diagnosis and 
treatment of PKU, the association with autism will likely 
decrease. The association between autism in PKU has im-
portant implications for understanding possible underlying 
factors in the development of autism. In the case of PKU, 
the toxic levels of phenylalanine hydroxylase appear to play 
a significant role in the development of autism symptomatol-
ogy [14].

Magnetic resonance imaging (MRI) of the brain was 
done for all patients, periventricular increased white matter 
signal in T2 weighted studies was detected in 28 (87.50%) of 
them. Previous studies reported MRI abnormalities in 70 to 
100 % of cases with PKU [24, 32, 33]. White matter abnor-
malities tend to be associated with age and metabolic control 
such that the prevalence of these abnormalities is higher and 
more severe in older children, those who are off treatment 
or those with high- Phe levels. Researches had also dem-
onstrated that in severe cases with PKU, the white matter 
abnormalities can extend into subcortical regions, internal 
capsule, brain stem and cerebellum. The white matter pathol-
ogy observed in PKU is generally diffuse and, as a conse-
quence, multiple pathways may be compromised and mild to 
moderate deficits may be observed over a range of functions 
including motor skills and coordination, visual functioning, 
processing speed, language, memory and learning, as well 
as attention and executive functioning. Consistent with this 
posit, a broad array of neuropsychological difficulties had 
been reported in the PKU population [32-34].

Conclusion

Delay in the diagnosis and management of PKU leads to 
very high incidence of intellectual disabilities and autistic 
features in these patients.

Recommendations
  
1), neonatal screening for PKU is highly recommended 
for early detection and management; 2), further studies are 
needed to answer the question of whether PKU patients have 
a specific autistic phenotype or whether their behavior rep-
resents the evolution of autism with age with late diagnosis.
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