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Inborn Errorsof Metabolism Associated With Autism Among Children: A

Multicenter Sudy fromlIran
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Objective: This study aimed to find the common inborn errors of
metabolism in Iranian patients with autism spectrum disorder.

Methods: In this cross-sectional multicenter study, 105 children
and adolescents with autism spectrum disorder from six centers
in different cities of Iran were enrolled between August, 2019
and October, 2020. Metabolic screening, including measuring
plasma levels of amino acids, acylcarnitines, creatine, and
guanidinoacetate, and urinary levels of organic acids, purines,
and pyrimidines was performed. Other data, including age,
parental consanguinity, history of seizure, developmental mile-
stones, and physical examination, were also recorded.

Results: An inborn error of metabolism was found in 13 (12.4%)
patients. Five patients (4.8%) had cerebral creatine deficiency
syndrome, four (3.8%) had arginine succinate aciduria, 2

methylbutyryl glycinuria, short-chain acyl-CoA dehydrogenase
deficiency, and combined methylmalonic aciduria/malonic
aciduria. There was a strong association between positive meta-
bolic evaluation and parental consanguinity, history of seizures,
microcephaly, and delayed development.

Conclusions: Our results suggest that metabolic screening
should be performed in the cases of autism associated with
parental consanguinity, developmental delay, and a history of
seizures. The assays to be considered as a screening panel
include plasma or blood amino acids, acylcarnitines, creatine and
guanidinoacetate, and urinary levels of organic acids.

Keywords: Cerebral creatine  deficiency
Diagnosis, GAMT deficiency, Screening.

syndrome,

utism spectrum disorders (ASD) are

characterized by abnormalities in cognitive

function and socia and language commu-

nication problems. Although the etiology of
ASD isunclear, genetic factos are known to be involved,
and environmental factorsmay also play asignificantrole
[1]. Inthisregard, impaired methylation and mutations of
MeCP2 have been associated with ASD. Genetic
polymorphisms of cytochrome P450 enzymes have also
been linked to autism, specifically CYP27B1, essential for
proper vitamin D metabolism[2].
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Previous studies have demonstrated an association
betweeninborn errorsof metabolism (IEM) andASD [4]. A
widerange of IEMshasbeen found in patientswith ASD,
including aminoacidopathies, organic acidemias, urea
cycle defects, cerebral creatine deficiencies, and
abnormalities of purines and pyrimidines [5]. Early
detection and timely treatment of these disordersmay help
improve some manifestations and prevent possible
complicationsin patientswithASD [5]. Considering very
high rates of consanguineous marriages in lIran, the
association of IEM and ASD may be higher than expected.
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This study was conducted to document the occurrence of
IEMsin patientswithASD indifferent centersin Iran.

METHODS

In this cross-sectional multicenter study, children and
adolescents with ASD referred to either neurologists,
psychiatrists, or endocrinologistsin six centersin different
citiesof Iranwere enrolled from August, 2019 to October,
2020. These centers were located in Shiraz, |sfahan,
Tehran, Rasht, and Ahwaz cities. Patientswith autismwere
referred to these specialists for different reasons such as
neurologic evaluation, hormonal evaluation, or routine
followups.

The protocol of the study was approved by a local
ethicscommittee, and patientswereenrolled after informed
consent. We used Diagnostic and Statistical Manual of
Mental Diseases, 5th edition (DSM-5) criteriato confirm
the diagnosis of ASD [6]. All patients with a diagnosis of
ASD were included. Patients with a history of hypoxic-
ischemic encephalopathy were excluded. Information
including age, history of seizures, history of other known
medical conditions (such as autoimmune or inflammatory
diseases) developmental assessment scales, and consan-
guinity of parentswascollected. A detailed physical exami-
nation, including aneurol ogic examination, wasperformed.

Investigationsfor an |EM, including measurement of
plasmaamino acids, plasmaacylcarnitines, urine purines
and pyrimidines, plasma and urine level of guanidino-
acetate and creatine was done by Liquid chromatography
— mass spectrometry (LC-MS/MS) (AB-Sciex API 3000
withAgilent 1100 HPL C asfront end), and measurement of
urine organic acids and acyl glycines by Gas chromato-
graphy-mass spectrometry (GC-MS) (Agilent 5973 mass
selective detector and 6890 GC system).

Satistical analysis: Data were analyzed using the
Statistical packagefor the social sciences (SPSS) version
22. Continuous variables were checked for norma
distribution using the Shapiro-Wilk test. The mean (SD),

Table | Baseline Characteristics of the Sudy Population
(N=105)

Variable \alue
Ager(y) 5.8(3.4)
Malegender 73(69.5)
Head circumference

Microcephaly 3(2.9
Macrocephaly 2(1.9
History of seizure 8(7.6)
Development delay 26(24.8)
Consanguinity 13(12.4)

All values in no. (%) or 3mean (SD).
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median (IQR), frequency, and percentages were used for
descriptive analysis. The means of two independent
variables were compared with the Student t test and the
chi-squaretest was used for categorical variables. P<0.05
wasconsidered statistically significant.

RESULTS

In this study, six centers from different cities in Iran
collaborated, and 105 eligible patients (69.5% boys) with
ASD wereenrolled (Tablel), withamedian (IQR) ageof 5
(4-8) years. Thirteen patients (12.4%) were products of
kinship marriages, 26 cases (24.8%) had some degree of
developmental delay other than speech problems, three
patients (2.9%) had microcephaly, and two (1.9%) had
macrocephaly. A history of seizures was present in 7.6%
(n=8) of children.

Thirteen patients (12.4%) were diagnosed to have
some form of IEM. Biochemical criteria for diagnosing
these diseases, and the frequency and types of |EM
found among these patientsarelistedinWeb Tablel. Web
Tablell showsthe detailed characteristics of patientswith
ASD and IEM.

There was a dtatistically significant association
between the presence of an IEM and parenta
consanguinity (P <0.001), history of seizure (P=0.004), and
delayed devel opment (other than speech) (P=0.016) (Table
I1). Among eight patients with a history of seizures, four
had cerebral creatine deficiency syndrome (CCDS). There
was a significant association between CCDS and history
of seizure (P=0.013), consanguinity (P=0.001), and delayed
development (cognitive and motor) (P=0.04). However,
this association was not significant with head
circumference(P=0.22).

DISCUSSION

Our multicenter study on 105 patientswith ASD revedled a
significant association between |[EM andASD inlran. This
association between |[EM and ASD was found in other
studiespreviously [7]. It may be promising to discover an
IEM inapatient with ASD because, with | EM management,

Tablell Association Between M etabolic Assay and Patients
Variable, Among Iranian Children With Autism (N=105)

Variable

Positivemetabolicassay P value

Malegender, n=73 9 (12.3) 0.60
Microcephaly,2n=3 1(33.3) 0.49
Seizure history, n=8 4(50) 0.004
Developmentdelay, n=26 7 (26.9) 0.016
Consanguinity, n=13 7(53.8) <0.001

Data in no. (%). 2None of the two children with macrocephaly had
positive metabolic assay.
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with autism.

or parental consanguinity.

WHAT THIS STUDY ADDS ?

« Cerebral creatine deficiency syndrome (CCDS) was a common types of inborn error of metabolism associated

« Screening may be more important when autism is associated with a history of seizure, delayed development,

symptoms of autism probably ameliorate. However, this
will need more extensive prospective studiesfrom various
Settings[6,8,9].

Based on our results, the most prevalent type of IEM
associated withASD was CCDS. Theprevalenceof ASD is
different in three types of CCDS including glycine
amidinotransferase (AGAT) deficiency, guanidinoacetate
methyltransferase (GAMT) deficiency, and S.C6A8
deficiency or creatine transporter defect (CTD) [8].
According to previous studies,78-95% of patients with
GAMT deficiency have symptomsof autism, whereasonly
41% of patientswith CTD havethesesymptoms[10,11]. It
has been reported that management of GAMT deficiency
can improve these patients' symptoms, such as seizures
and movement disorders[3].

Phenylketonuria (PKU) and hyperphenylalaninemia
arelabeled as the most common types of IEM associated
with autism [8,12]. However, thiswas not the case in our
study; probably because of early detection and manage-
ment through the neonatal screening program. The other
metabolic disorders diagnosed by us have a so been pre-
viously reported to beassociated withASD [3,12].

Although, previous authors proposed metabolic
screening in only patientswith ASD associated with other
abnormalities [5,13,14], a recent study suggests IEM
screening in al patients with ASD [12]. It is not docu-
mented whether early diagnosis and timely treatment of
different metabolic disorders can improve symptoms of
autism; neverthel ess, some studies have reported apartia
improvement in autism symptoms after starting treatment
[8]. Although CCDS has diverse signs and symptoms,
including intellectual defect, neurodevelopmental delay,
epilepsy, autism, and motor dysfunction, their patho-
physiology is not well defined. However, the creatine-
phosphocreatine system has an essential action for ATP
production in the body [3] and creatine-phosphocreatine
system malfunction may cause significant defectsin neural
signal production[15].

Therewere somelimitationsin our study. Althoughthe
literature shows that different autism-related metabolic
disorders and genetic factors are frequently associated
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with autism, and biotinidase deficiency and mucopoly-
saccharidosis are important metabolic causes, we could
not evaluate these issues in our study due to financial
constraints. Furthermore, due to the high cost of genetic
testing and somelimitations of accessibility of thisin Iran,
genetic confirmation was performed only for some
patients.

Sincemetabolic screening in patientswithASD isnot a
routine practice in many countries, |EM diagnosis can be
delayed, and irreversible neurologic damage can ensue.
We underscore the need for further studies in different
population groupsregarding theyield of metabolic screening
for patientswith ASD, especially in communitieswith high
rates of consanguineous marriages.
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