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The authors discuss the case of a 9-year-old boy who
came to the clinic with autism spectrum disorder, intellec-
tual disability, impulsivity, and overactivity. He had bilat-
eral ptosis, upturned nares, and two-to-three toe syndac-
tyly. An inborn error of cholesterol synthesis, Smith-
Lemli-Opitz syndrome, was identified. The patient was
treated with dietary cholesterol supplementation. A report
is presented to highlight the importance of suspecting this
genetic disorder in the presence of autism spectrum disor-
der and dysmorphic facial features, minor anomalies, or
specific behavioral phenotype features. The clinical fea-
tures of Smith-Lemli-Opitz syndrome are reviewed, along
with recommendations for diagnostic testing for the syn-
drome. The authors discuss how impairment in choles-
terol synthetic pathways may result in
abnormalities characteristic of autism
spectrum disorder.

Autism spectrum disorder, a com-
plex and enigmatic disturbance of
brain function, is behaviorally defined
by core areas of specific abnormalities
in reciprocal social interaction, com-
munication, and restricted or repeti-
tive interests and behaviors (1). Au-
tism spectrum disorder appears as a
spectrum of conditions, including au-
tism, pervasive developmental disor-
der not otherwise specified, Asperger’s
disorder, childhood disintegrative dis-
order, and Rett’s syndrome (1). With
an incidence of 1 in 150 (2), autism
spectrum disorder becomes manifest
in early childhood and usually persists
throughout life. In the majority of cases, no specific under-
lying cause is identifiable at this time. However, a number
of factors are being investigated, including infectious,
metabolic, genetic, and environmental factors, with spe-
cific causes being documented in generally less than 10%

of cases (1). Recently, a high prevalence (19%) of below
normal levels of cholesterol was found in 100 autism spec-
trum disorder Autism Genetic Resource Exchange study
participants who had a sibling with autism spectrum dis-
order (3). In addition to the association of autism spec-
trum disorder with specific heritable disorders (e.g., fragile
X syndrome, phenylketonuria, chromosome 15q11-q13
duplication, and tuberous sclerosis), evidence for a ge-
netic contribution includes increased recurrence risk in
siblings; increased concordance in monozygotic com-
pared to dizygotic twins; and occurrence of cognitive, lan-
guage, and behavioral disturbances in close relatives (1).

Smith-Lemli-Opitz syndrome (MIM 270400) (4) is an
autosomal recessive disorder due to an inborn error of
cholesterol synthesis caused by mutations of the 7-de-
hydrocholesterol reductase gene (DHCR7) located on
chromosome 11q12-13 (4). Lack of normal DHCR7 activity
impairs the conversion of 7-dehydrocholesterol to choles-
terol, causing an increased level of 7-dehydrocholesterol in
blood and tissues and, in most patients, decreased blood
and tissue cholesterol levels. Smith-Lemli-Opitz syndrome
has an estimated incidence among individuals of Euro-
pean ancestry of 1 in 20,000 to 1 in 60,000 births and a
carrier frequency of at least 1% (4). Smith-Lemli-Opitz

syndrome is characterized by a broad
spectrum of phenotypic abnormalities,
including developmental delay, charac-
teristic facial anomalies (microcephaly,
bitemporal narrowing, ptosis, upturned
nares, and a small chin), and abnormal
webbing between the second and third
toes (two-to-three toe syndactyly). Se-
verely affected infants often die before
birth or during the perinatal period (4).
In mild cases of Smith-Lemli-Opitz syn-
drome, the physical phenotype may not
be readily discernible, and toe syndac-
tyly may not be present.

Autism spectrum disorder is among
the most severe behavioral problems as-
sociated with Smith-Lemli-Opitz syn-
drome. Approximately 50% of individu-
als with Smith-Lemli-Opitz syndrome

and a nonverbal mental age of 18 months or greater met the
criteria for autism (5) as diagnosed by both the DSM-IV and
the Autism Diagnostic Interview—Revised algorithm ques-
tions (6). A recent study reported that approximately three-
fourths of the children with Smith-Lemli-Opitz syndrome
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had met criteria for some variant of autism spectrum disor-
der, suggesting a consistent relationship with autism spec-
trum disorder and a single-gene disorder (7). Other behav-
ioral phenotypic characteristics include cognitive delay,
language impairment, self-injury with biting of the wrist or
the thenar eminence, severe sensory hyperreactivity, irrita-
bility, sleep-cycle disturbance, and opisthokinesis (a highly
characteristic upper body movement in which the individ-
ual performs an arched backward diving motion) (5). A clin-
ical diagnosis of Smith-Lemli-Opitz syndrome can be con-
firmed by biochemical testing. An elevated plasma 7-dehy-
drocholesterol level relative to the cholesterol level estab-
lishes the diagnosis. Smith-Lemli-Opitz syndrome is not
only identifiable, but it is also partially treatable by choles-
terol supplementation. Thus, it is important to know the
variations in the presentation of Smith-Lemli-Opitz syn-
drome so that individuals with autism spectrum disorder
who have Smith-Lemli-Opitz syndrome can be identified
and begin treatment.

We report on a boy with autism spectrum disorder and
dysmorphic features who was diagnosed with Smith-
Lemli-Opitz syndrome. A genetic cause of his autism spec-
trum disorder was not previously suspected. This case un-
derscores the importance of recognizing that Smith-
Lemli-Opitz syndrome is a distinctive and diagnostically
important behavioral disorder that can be associated with
autism spectrum disorder. In the discussion, we present
our hypothesis that impairment in the cholesterol biosyn-
thesis pathway can result in abnormalities that are charac-
teristic of autism spectrum disorder. Furthermore, we re-
view the clinical features of Smith-Lemli-Opitz syndrome
and suggest when diagnostic testing for Smith-Lemli-
Opitz syndrome should be performed.

Case Presentation

“C” was a 9-year-old boy whose mother brought him
to Kennedy Krieger Institute, a facility devoted to chil-
dren’s rehabilitation and neurodevelopmental disor-
ders, affiliated with Johns Hopkins University, in search
of a second opinion regarding the cause of his autism. C
was first seen at Kennedy Krieger Institute by a pediatric
neurologist who suspected the diagnosis of Smith-Lemli-
Opitz syndrome that was later confirmed.

Family, Pregnancy, and Past Medical History

C’s family history was significant for learning disabili-
ties, pregnancy losses, mood disorder, and a relative
who was “odd” and a “loner.” There was no family his-
tory of autism. C was born by cesarean section because
of partial abruption of the placenta at the 39th week of
gestation to nonconsanguineous Caucasian parents of
European descent. His birth weight was 4000 g (85th cen-
tile); he was 56 cm long (>97th centile); his head circum-
ference was 35 cm (30th centile). His Apgar scores were
8 at 1 minute and 9 at 5 minutes. C had bilateral ptosis
(eyelid drooping), upturned nares, and bilateral two-to-
three toe syndactyly. During the first months of life, C
had feeding difficulties, failure to thrive, sleep distur-
bances, generalized hypotonia, and developmental de-
lay. He sat up at 6 to 7 months, stood at 11 months, and

walked at 19 months (predominately toe walking). His
first words were uttered at 7 months, and he started
speaking in two-to-three word phrases at 4 years. He had
control of his bladder and bowels at ages 3.5 and 8
years, respectively. C’s head circumference was reported
to be in the 20th–40th centile, and his height was steady
at the 90th centile for the first 5 years of his life.

At the age of 18 months, he entered a nursery school
and was reported to have an excellent memory but
tended to fixate on certain objects. He had poor eye con-
tact, decreased facial expression, and stereotypical hand
movements. He had several IQ tests with scores in the
mid-60s. He had problems with receptive language and
was diagnosed as having a mixed receptive-expressive
language disorder. C was noted by age 3 years to be over-
active and impulsive at school and at home. He had not
been physically aggressive and had not had self-injury.
He was diagnosed with attention deficit hyperactivity
disorder and pervasive developmental disorder and had
trials of methylphenidate and dextroamphetamine with-
out an improvement. At the age of 6 years, he was diag-
nosed with autism. He had several inner ear infections
treated with antibiotics and placement of myringotomy
tubes at ages 1 and 3 years. Mild conductive hearing loss
in the left ear was noted at the age of 4 years. C had his
first seizure episode at the age of 6 years, which had re-
curred in cycles every 2–4 months, with right-side stiffen-
ing of his arm and leg and deviation of his head. EEGs re-
vealed mild generalized slowing with right- and left-side
parietal occipital spike-wave discharges. A magnetic res-
onance imaging (MRI) study revealed a frontal venous
angioma that was considered to be an incidental finding,
but the MRI was otherwise normal.

Chromosome analysis on blood peripheral lympho-
cytes showed an apparently normal 46, XY male karyo-
type; fragile X testing with DNA was negative. An evalua-
tion by a geneticist at the age of 8 years did not result in
a diagnosis of a genetic disorder. Fluorescence in situ hy-
bridization (FISH) for Angelman’s syndrome was normal.

History of Present Illness

At the time of C’s first evaluation at Kennedy Krieger In-
stitute at 9 years of age, he was receiving a clonidine
transdermal patch equivalent to 0.2 mg/day and the fol-
lowing daily oral medications: clonidine, 0.05 mg; dival-
proex sodium, 500 mg; acetazolamide, 375 mg; and
senna granules, 2.5 cc. He had difficulty with visual per-
ception, photophobia, and sensitivity to loud or particular
sounds such as sirens, vacuum cleaners, and ocean
waves. He attended a school for developmentally delayed
children and was reported to have difficulty with peer in-
teraction and imitation skills. On physical examination, C
was noted to have mildly dysmorphic facial features with
wide-set eyes (hypertelorism), posteriorly rotated ears, a
prominent nasal bridge, a high arched palate, and up-
turned nares (Figure 1). He also had two-to-three toe syn-
dactyly bilaterally (Figure 2) and curving of the little finger
toward the fourth finger (clinodactyly) bilaterally. His
weight was 28.0 kg (40th centile), his height was 136.0 cm
(60th centile), and his head circumference was 52.0 cm
(30th centile). His pubertal development was normal at
Tanner stage II. Affectively, he appeared neutral to cheer-
ful but quite indifferent to the interviewer’s questions and
directions. He was overactive and impulsive. His behavior
and vocalizations were quite repetitive, without evidence
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of hallucinations, delusions, or obsessions. At the time of
assessment, the diagnostic impression by the clinician
was autism. However, unlike typical children with autism,
C also had mild dysmorphic physical features that
prompted testing for Smith-Lemli-Opitz syndrome.

Biochemical and Molecular Testing

The clinical diagnosis of Smith-Lemli-Opitz syndrome
was confirmed by gas chromatography/mass spectrome-

try sterol analysis on serum showing an elevated 7-dehy-
drocholesterol level of 5.9 mg/dl (normal 0.005–0.015
mg/dl) (8), which is a diagnostic metabolite of Smith-
Lemli-Opitz syndrome. His cholesterol was at a low nor-
mal level at 117 mg/dl (age-matched mean cholesterol
level is 172 mg/dl) (9). His DHCR7  genotype was
c.1139G>A/c.1342G>A (p.C380Y/p.E448K).

Autism Spectrum Disorder Assessment

C met the diagnostic criteria for autism by DSM-IV, Au-
tism Diagnostic Interview—Revised, and Autism Diagnos-
tic Observation Schedule—Generic (10). The Autism Diag-
nostic Interview—Revised, the standardized parent
interview, which was conducted with C’s mother, showed
qualitative deficits that met the cutoff criteria for autism
in all three main fields: reciprocal social interaction (do-
main score of 12, cutoff score of 10), communication
and language (domain score of 13, cutoff score of 8), and
restrictive and stereotyped behaviors and patterns (do-
main score of 6, cutoff score of 3). Higher scores indicate
greater impairment. During the systematic observation
with the Autism Diagnostic Observation Schedule—Ge-
neric module 3, C’s initiation of social behaviors and eye
contact were poor. He had to be physically interrupted
when he tried to throw objects, although he did not be-
come aggressive with the interviewer. C was unable to
answer questions in an effective manner despite much
verbal production, and he tended to become rigidly fo-
cused on certain conversational topics. Repetitive behav-
iors and interests were cited, such as lining up action fig-
ures. His scores in communication and reciprocal social
interaction domains were 7 (cutoff score of 3) and 12
(cutoff score of 6), respectively, which were above the
threshold for the diagnosis of autism.

FIGURE 1. Facial Features of Smith-Lemli-Opitz Syndrome:
Ptosis, Upturned Nares, and Micrognathia

FIGURE 2. Abnormal Degree of Webbing Between the Sec-
ond and Third Toes (two-to-three toe syndactyly)
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Language Assessment

His expressive language, as measured by the Expres-
sive One-Word Picture Vocabulary Test—Revised (11),
was equivalent to 7 years 2 months. This was signifi-
cantly better than his receptive vocabulary, as measured
by the Peabody Picture Vocabulary Test—Third Edition
(12), which was within the range of 3 years 1 month to 3
years 10 months.

Dietary Treatment

After C was diagnosed with Smith-Lemli-Opitz syn-
drome, his parents consented to have him enter the in-
stitutional review board-approved studies at the
Kennedy Krieger Institute (principal investigator Tierney)
and the National Institutes of Health (principal investiga-
tor Porter). C was not capable of giving assent. He was
given dietary cholesterol supplementation (150 mg/kg/
day) with crystalline cholesterol suspended in OraPlus
(Paddock Laboratories, Inc., Minneapolis).

Follow-Up Assessments After 1 and 2 Years

At C’s 1- and 2-year follow-up visits, at the ages of 10.3
and 11.0 years, his weight was at the 25th and 50th cen-
tiles, respectively; his height was at the 55th and 60th
centiles, respectively. Within the period of 2 years, his
plasma cholesterol level had increased from 117 (initial
evaluation) to 177 mg/dl and 140 mg/dl, respectively. His
7-dehydrocholesterol level remained relatively constant
at 6.2 and 6.6 mg/dl, respectively. After 1 year, his
mother reported that behaviorally he was less impulsive
and overactive, and he began to verbalize his feelings.
He also had increased perseverance on the books that
he liked. After 2 years, C’s mother reported significant
gains in his reading and vocabulary development. His
speech production was five- to eight-word sentences. He
continued to have social and language deficits but had
marked improvement in his written language. C was able
to climb steps that he had not been able to in the past.
He continued with the clonidine transdermal patch
equivalent to 0.1 mg/day and the following oral medica-
tions: purified cholesterol, 150 mg/kg; diazepam, 1 mg;
clonidine, 0.15 mg; vitamin B6, 300 mg; a multivitamin
supplement with calcium and magnesium; and a supple-
ment with γ-aminobutyric acid (GABA) and glycine. He
was also given a prescription for a diazepam suppository,
5 mg as needed for seizures. He also continued his
speech and language therapy 1 hour weekly, as well as
his special educational services.

Discussion

This case illustrates many of the clinical features typi-
cally seen in individuals with autism spectrum disorder.
Consistent with the description of autism spectrum disor-
der, in the context of Smith-Lemli-Opitz syndrome, C ex-
hibited impairments in social interaction and communica-
tion, and he had repetitive behaviors. Although C’s
diagnostic assignment could be considered relatively
straightforward and characteristic of autism spectrum dis-
order, the recognition of a genetic cause of autism spec-
trum disorder was far more complex. C’s facial appearance
and his two-to-three toe syndactyly were typical of Smith-
Lemli-Opitz syndrome. Children with abnormal findings
on physical examinations are 10 times more likely to have
an underlying genetic condition than children with a nor-
mal physical examination (1). The physical and behavioral
features of Smith-Lemli-Opitz syndrome are summarized
in Table 1. Often individuals with a mild Smith-Lemli-Opitz
syndrome phenotype are diagnosed because there is a rel-
ative diagnosed with Smith-Lemli-Opitz syndrome who
has more prominent physical manifestations. C did not
have a family member previously diagnosed with Smith-
Lemli-Opitz syndrome. Because of the autosomal recessive
nature of Smith-Lemli-Opitz syndrome, counseling and
genetic testing was offered to the family. C’s brother, who
did not have facial or other dysmorphology, tested negative
for Smith-Lemli-Opitz syndrome by sterol analysis.

Failure to thrive and poor weight gain despite adequate
caloric intake are common features of Smith-Lemli-Opitz
syndrome, which were seen in C. Hypotonia, seen in C
during his first years of life, is commonly reported in
Smith-Lemli-Opitz syndrome and typically improves later
in childhood. Infections, particularly otitis media, seem to
occur more often in children with Smith-Lemli-Opitz syn-
drome (as was seen in C, resulting in mild conductive
hearing loss). Behaviorally, C had sleep problems that are
found in almost 70% of individuals with Smith-Lemli-
Opitz syndrome (5). For most individuals, sleep-cycle
problems persist to adulthood. C’s verbal abilities and lack
of aggression were considered his strengths. Common be-
havioral problems that are classified under autism spec-
trum disorder include hand flapping, abnormal obses-
sions, rigidity and insistence on consistent routines, and
poor eye contact. C met the diagnostic criteria for autism
based on DSM-IV, the Autism Diagnostic Interview—Re-
vised, and the Autism Diagnostic Observation Schedule—

TABLE 1. Phenotypic Features of Smith-Lemli-Opitz Syndrome

Physical Features Behavioral Features
Ptosis (drooping of eyelids) Autism spectrum disorder
Oral malformations (high arched cleft palate or bifid uvula) Social impairment
Failure to thrive/feeding difficulties Communication disorder
Growth retardation Repetitive and ritualistic behaviors
Hypotonia Mental retardation
Microcephaly Self-injury
Low-set and small ears Opisthokinesis (backward arched motion)
Malformations in gastrointestinal and genital tracts Severe sleep disturbance
Hand or foot malformations (syndactyly, clinodactyly, and polydactyly) Attention deficit hyperactivity disorder
Malformations in heart, brain, renal system, adrenal system, and lungs Sensory hyperreactivity

Anxiety
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Generic. The Autism Diagnostic Interview—Revised re-
quires a nonverbal mental age of 18 months or higher.
Based on C’s previous IQ tests, C’s nonverbal mental age
was above the required 18 months. Seizures, reported in C,
occur in a third of individuals with autism (1). We ac-
knowledge that the assessment instruments used did not
assess the full range of C’s abilities.

The recognition of the biochemical cause of Smith-
Lemli-Opitz syndrome not only significantly improved the
diagnostic accuracy by measuring plasma levels of 7-de-
hydrocholesterol but also offered a potential treatment
strategy. The current practice for treatment is to begin di-
etary cholesterol supplementation as soon as the condi-
tion is diagnosed. There are reports that cholesterol sup-
plementation may improve sterol levels, growth, and
neurodevelopmental status (13). In the case described
here, the child responded very positively to cholesterol
treatment, and his behaviors improved. His improve-
ments may also be attributed to the speech and language
therapy or to the educational services received. Currently,
there is a new promising research treatment underway for
Smith-Lemli-Opitz syndrome. Simvastatin treatment,
which usually lowers cholesterol in a typical population,
may stimulate residual DHCR7 activity and, therefore, in-
crease cholesterol production. One important feature of
simvastatin is its ability to cross the blood-brain barrier as
opposed to cholesterol, which does not.

Professional organizations are increasingly moving to-
ward recommendations for screening for biochemical and
genetic disorders that are associated with autism spec-
trum disorder, as described in the American Academy of
Neurology and the Child Neurology Society’s Practice Pa-
rameter: Screening and Diagnosis of Autism (14). If a ge-
netic disorder is suspected, the recommended diagnostic
tests to evaluate a child for recognized causes of autism
spectrum disorder (in the presence of mental retardation)
include a lead level, a high-resolution chromosome study,
and DNA analysis for fragile X syndrome. Based upon ad-
ditional symptoms and clinical findings, tests to be con-
sidered include the following: an EEG for seizure activity
evaluation, quantitative urinary organic and plasma
amino acids, fluorescence in situ hybridization for Angel-
man’s syndrome, chromosome 15q11-q13 duplication and
velocardiofacial syndrome, and analyses of serum carbo-
hydrate-deficient transferrin to rule out congenital disor-
ders of glycosylation (1, 15). In addition, gene sequencing
of phosphatase and tensin homologue, deleted on chro-
mosome 10 (PTEN), for patients with macrocephaly, au-
tism, and developmental delay, as well as methyl CpG
binding protein 2 (MECP2) in girls suspected of Rett’s syn-
drome, is suggested (16). Because of a low yield of a spe-
cific genetic diagnosis (below 10%), we do not recommend
routine testing for genetic disorders unless there is spe-
cific evidence to suspect a disorder.

Cholesterol-Related Mechanisms in Autism 
Spectrum Disorder

The autism rate in Smith-Lemli-Opitz syndrome (1:2) is
much higher than in the general population (1:150), and it
is among the highest when compared to other single-gene
disorders, indicating that a genetic defect in Smith-Lemli-
Opitz syndrome could be responsible for the autism spec-
trum disorder phenotype seen in Smith-Lemli-Opitz syn-
drome. Since the report that almost half of the individuals
with Smith-Lemli-Opitz syndrome have autism (5), there
has been an increasing recognition that this single-gene
disorder of abnormal cholesterol synthesis may be a
model for understanding genetic causes of autism and the
role of cholesterol in autism spectrum disorder (7). Fur-
thermore, the detection of a high prevalence of abnor-
mally low cholesterol blood levels in an autism spectrum
disorder subject population is a finding of potential clini-
cal significance regarding the possible role of non-Smith-
Lemli-Opitz syndrome cholesterol disorders in the etiol-
ogy of autism spectrum disorder (3). The sterol abnormal-
ity may affect the brain in different ways involving multi-
ple genes in each individual, but there may be a common
neurodevelopmental pathway that causes behaviors seen
in autism spectrum disorder. In some forms of autism
spectrum disorder, the core symptoms of autism spec-
trum disorder may be due to the interplay of components
that are sterol dependent. The high prevalence of autism
spectrum disorder in Smith-Lemli-Opitz syndrome re-
ported by two independent studies (5, 7) using slightly dif-
ferent methodologies indicates that these conditions
might share etiological mechanisms. Listed below are our
observations related to sterol function in Smith-Lemli-
Opitz syndrome and hypotheses as to potential sterol
mechanisms that might be involved in autism spectrum
disorder.

CNS Development

Cholesterol is essential for embryonic and fetal devel-
opment. Structural CNS abnormalities, similar to those
observed in individuals with autism spectrum disorder,
are present in individuals with Smith-Lemli-Opitz syn-
drome because of the malfunction of the hedgehog pat-
terning protein that results from inadequate availability of
cholesterol (4).

Myelination

An adequate cholesterol level is essential for myelin
membrane growth. In mice, it was shown that cholesterol
is an indispensable component of myelin membranes and
that cholesterol availability in oligodendrocytes is a rate-
limiting factor for brain maturation (17).

Serotonin Receptor and Transporter

Cholesterol functions as an intracellular modulator of
the ligand-binding activity and G-protein coupling of the
serotonin1A (5-HT1A) receptor (18), and cholesterol is a
component of the lipid rafts of the serotonin transporter
(19). Disruption of lipid rafts by cholesterol-interfering
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agents produces a 50% decrease in the transport rate of
the GABA transporter, 5-HT transporter, and glutamate
transporters (20). It was also shown that suboptimal 5-HT
transporter and GABA transporter activity occur when
cholesterol is replaced with sterols, indicating specific
cholesterol-transporter interactions (20). In addition, ab-
normal serotonergic neuron development has been dem-
onstrated in a mouse model of Smith-Lemli-Opitz syn-
drome (21).

Steroid Hormones

Cholesterol is a precursor for neuroactive steroid pro-
duction, and the alteration in steroid function in Smith-
Lemli-Opitz syndrome may have a role in the clinical pre-
sentation of autism spectrum disorder. Neuroactive ste-
roids exhibit a wide range of modulatory effects on neu-
rotransmitter receptor activity and neurodevelopmental
and neuroprotective effects and, if deficient, may be asso-
ciated with mood and anxiety disorders (22). There is evi-
dence for decreased neuroactive steroid levels, dehydro-
epiandrosterone, and dehydroepiandrosterone-sulfate in
adult patients with autistic disorder (22).

Oxytocin Receptor

Cholesterol has a modulatory role on the function of the
oxytocin receptor (23), and oxytocin has been found to be
involved in social function. It could be that low cholesterol
perturbs the oxytocin receptor and thereby contributes to
problems in social functioning in individuals with Smith-
Lemli-Opitz syndrome as well as those with autism spec-
trum disorder from other etiologies.

Recommendations

Because specific testing and partial treatment with cho-
lesterol supplementation for Smith-Lemli-Opitz syn-
drome are available, the threshold should be low for ob-
taining a sterol analysis for Smith-Lemli-Opitz syndrome
in an individual with characteristic phenotypic features
and autism spectrum disorder. The association of autism
spectrum disorder with physical or behavioral manifesta-
tions that warrant testing for Smith-Lemli-Opitz syn-
drome include the following: two-to-three toe syndactyly,
ptosis, soft cleft palate/bifid uvula, failure to thrive or
feeding difficulties, growth retardation, postnatal onset of
microcephaly, hand or foot malformation, abnormal gen-
italia, hypotonia, severe sleep disturbance, self-injury with
biting of the wrist or the thenar eminence, opisthokinesis,
or a family history of developmental disabilities with
physical dysmorphology.

Conclusion

In summary, we presented a 9-year-old boy with autism
spectrum disorder and intellectual disability who was
later diagnosed with Smith-Lemli-Opitz syndrome in or-
der to increase awareness among psychiatrists of this sin-
gle-gene disorder that is highly associated with autism
spectrum disorder. This child illustrates the importance of

performing biochemical analyses for Smith-Lemli-Opitz
syndrome in individuals with autism spectrum disorder
who have specific physical dysmorphology or characteris-
tic behavioral phenotypic features of Smith-Lemli-Opitz
syndrome. Most of the parents of children with Smith-
Lemli-Opitz syndrome seek help with their children’s be-
havioral problems, such as irritability, hyperactivity, im-
pulsivity, sleep disturbances, and autistic-like behaviors.
Therefore, a psychiatrist may be the first specialist to en-
counter individuals with this genetic disorder and to es-
tablish the diagnosis of Smith-Lemli-Opitz syndrome.
Such recognition and understanding will help clinicians
implement syndrome-specific treatments of patients
identified with a genetic cause of autism spectrum disor-
der. Early identification of this genetic disorder is critical
not only to the individual patient but for the entire family.
In addition, the further study of Smith-Lemli-Opitz syn-
drome and abnormal cholesterol synthesis might lead to
the discovery of mechanisms of more general importance
to research and treatment of autism spectrum disorder.
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