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Summary Inborn errors of metabolism (IEMs) may
present in adolescence or adulthood as a psychiatric
disorder. In some instances, an IEM is suspected because
of informative family history or because psychiatric
symptoms form part of a more diffuse clinical picture
with systemic, cognitive or motor neurological signs.
However, in some cases, psychiatric signs may be
apparently isolated. We propose a schematic classifica-
tion of IEMs into three groups according to the type of
psychiatric signs at onset. Group 1 represents emergen-
cies, in which disorders can present with acute and
recurrent attacks of confusion, sometimes misdiagnosed
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as acute psychosis. Diseases in this group include urea
cycle defects, homocysteine remethylation defects and
porphyrias. Group 2 includes diseases with chronic
psychiatric symptoms arising in adolescence or adult-
hood. Catatonia, visual hallucinations, and aggravation
with treatments are often observed. This group includes
homocystinurias, Wilson disease, adrenoleukodystrophy
and some lysosomal disorders. Group 3 is characterized
by mild mental retardation and late-onset behavioural or
personality changes. This includes homocystinurias,
cerebrotendinous xanthomatosis, nonketotic hyperglyci-
naemia, monoamine oxidase A deficiency, succinic semi-
aldehyde dehydrogenase deficiency, creatine transporter
deficiency, and o and B mannosidosis. Because specific
treatments should be more effective at the ‘psychiatric
stage’ before the occurrence of irreversible neurological
lesions, clinicians should be aware of atypical psychiatric
symptoms or subtle organic signs that are suggestive of
an IEM. Here we present an overview of IEMs
potentially revealed by psychiatric problems in adoles-
cence or adulthood and provide a diagnostic strategy to
guide metabolic investigations.

Abbreviations

ADHD  attention deficit hyperactivity disorder
ALD adrenoleukodystrophy

IEM inborn errors of metabolism

MTHFR methylene tetrahydrofolate reductase
Introduction

Inborn errors of metabolism (IEMs) represent rare but
important causes of psychiatric disorders in adoles-
cents or adults. Retrospective analysis of patients with
various IEMs shows that psychiatric signs may remain
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isolated for years before more specific organic signs
become obvious. Since psychiatrists are poorly aware
of these rare disorders, IEMs presenting only with a
purely psychiatric illness are probably missed. Howev-
er, it is important to detect IEMs for several reasons:
(1) specific treatments may be available; (2) metabolic
decompensation may be avoided; and (3) accurate
counselling may be given. Furthermore, in most cases,
treatments are more effective at the ‘psychiatric stage’
of the disease, before the development of irreversible
neurological lesions. It is therefore an important
challenge for metabolicians to ensure that psychiatrists
and clinicians in general are aware of these particular
clinical presentations.

Some aspects of psychiatric presentations of certain
groups of IEMs have been reviewed previously (Estrov
et al 2000; Turpin and Baumann 2003). Here, from an
extensive review of the literature and based on our
own experience, we aimed at (1) describing briefly
IEMs that may present with psychiatric signs, (2)
categorizing IEMs according to specific psychiatric
profiles, and (3) providing simple guidelines to help
physicians who are not familiar with metabolic medi-
cine not to miss an IEM in a patient with atypical
psychiatric signs.

We focused on late-onset presentations that can be
seen first in adolescent or adult psychiatric depart-
ments. However, we included diseases in which mild
clinical signs such as intellectual impairment (mild
mental retardation, mild behavioural problems), or
organic signs (hypotonia, cataracts, mild dysmorphia,
organomegaly, etc.) could be present from infancy. In
a preliminary pragmatic approach, diseases were
separated into three categories: (1) emergencies, (2)
chronic treatable diseases and (3) chronic nontreatable
diseases. Clinical, radiological and biological signs of
diseases are presented in Table 1. Treatable diseases
and principles of treatments are listed in Table 2.
Types of psychiatric disturbances observed in each
disease are summarized in Table 3. A list of treatments
that may aggravate metabolic diseases is provided in
Table 4. Finally, a diagnostic strategy to guide
metabolic investigations in a patient with atypical
psychiatric signs is proposed in Fig. 1.

Overview of IEMs that may associate
with psychiatric signs
Emergencies

Emergencies include urea cycle disorders, homocys-
teine remethylation defects and porphyrias.

@ Springer

Urea cycle disorders may present with confusion,
bizarre behaviour or delusion resembling acute psy-
chosis (DiMagno et al 1986; Enns et al 2005), or
depressive-like syndrome (Arn et al 1990). Recurrent
episodes of hallucinations/bizarre behaviour may be
misdiagnosed as schizophrenia. Patients often exhibit
protein intolerance and change their alimentation,
becoming vegetarian or anorexic (Blans et al 2001).
Late-onset metabolic attacks can be apparently spon-
taneous or triggered by conditions of high protein
intake, high protein catabolism or treatments with
corticoids or valproate. During metabolic attacks,
psychiatric symptoms are almost always accompanied
by headache, and gastrointestinal symptoms (nausea,
vomiting).

Homocysteine remethylation defects (methylene
tetrahydrofolate reductase (MTHFR) deficiency and
cobalamin metabolism defects (CblC) can also present
with chronic or subacute psychiatric symptoms
(Freeman et al 1975; Pasquier et al 1994; Roze et al
2003). In our experience, occurrence of psychiatric
illness in adulthood is frequently triggered by a
surgical intervention. It can occur as late as the fifth
decade in a patient with normal intelligence. Symp-
toms are most often psychotic in nature, including
disorganized behaviour, delusions of persecution, au-
ditory and visual hallucinations. These can be followed
by alteration of consciousness, subacute paraplegia,
peripheral neuropathy and coma. In all cases, treat-
ments are very efficient if started early. However,
paraplegia due to subacute degeneration of the spinal
cord or peripheral neuropathy is poorly reversible,
making diagnosis and treatment an emergency.

Acute attacks of porphyrias are often triggered by
porphyrogenic drugs, infectious disorders or alcohol
(reviewed in Crimlisk 1997; Kauppinen 2005). They
usually begin with minor behavioural changes such as
anxiety, restlessness, and insomnia and proceed rapidly
to symptoms of autonomic and sensory motor neurop-
athy. Acute attacks may also present as aggressive or
impulsive behaviour, suicide attempts, psychotic fea-
tures (delusion, hallucinations), or catatonia (references
in Crimlisk 1997). Conversion disorder or chronic
fatigue syndrome are sometimes suspected. Monthly
luteal attacks in women may lead to the diagnosis
of cycloid psychosis. Exacerbations with alcohol can
mimic excessive alcohol intake.

Case report
A 56-year-old woman was referred to our de-

partment for acute confusion and paraplegia. She
suffered from mild depression from the age of 30
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Table 2 Treatable IEMs presenting with psychiatric signs (see
also Sedel et al 2007)

Diseases Treatments

Protein restriction, sodium benzoate,
sodium phenylbutyrate, L-arginine,
haemodiafiltration if coma

Folinic acid, betaine, vitamin By,
riboflavin

Cbls Hydroxocobalamin, folic acid; betain

Acute porphyrias Avoid triggering factors, glucose
perfusion, haem perfusion

D-Penicillamine, zinc, trientine

Vitamin Bg, protein restriction diet

Urea cycle defects

MTHFR deficiency

Wilson disease

Cystathionine-f
synthase deficiency)

Cerebrotendinous Chenodeoxycholic acid
xanthomatosis

Nonketotic Sodium benzoate,
hyperglycinaemia dextromethorphan
Succinic semialdehyde Benzodiazepines
dehydrogenase

MTHFR, methylene tetrahydrofolate reductase; Cbls, disorders
of cobalamin metabolism.

years. At the age of 50 years, after an operation on her
knees, she made a suicide attempt. Three years later
she was hospitalized in a psychiatric department for an

acute delusion with visual hallucinations. From that
time she became socially retired and was diag-
nosed as having late-onset schizophrenia. When
56 years old, after a benign head trauma, she became
acutely confused and paraplegic. Metabolic investiga-
tions showed hyperhomocysteinaemia (192 pmol/L,
normal <20), normal methioninaemia and low folates
(1.3 mg/L, normal >3). Enzymatic studies showed
MTHFR deficiency, which was confirmed by molecu-
lar analysis. Treatment with folinic acid, betaine and
hydoxocobalamine led to a complete recovery of her
psychiatric illness after several months but she
remained paraplegic.

Chronic treatable diseases

Chronic treatable diseases include neurological
Wilson disease, homocystinuria due to cystathionine
B-synthase deficiency and cerebrotendinous xantho-
matosis, athough in the last psychiatric signs are
rarely isolated.

In a retrospective study of 195 patients with Wilson
disease, psychiatric symptoms were found in 51% of
cases (Dening and Berrios 1989). They preceded motor
signs in at least 20% of cases, a percentage also found
by Walshe and Yealland (1992). Main psychiatric

Table 3 Psychiatric signs in IEMs in adolescents and adults: review of the literature and personal experience

Confusion  Mental Behavioural Catatonia  Visual Psychosis Depression
retardation  disturbances hallucinations  (schizophrenia)

Urea cycle defects + +/= + + + + +
Cbl (C, G) + + + + +
MTHFR deficiency + + + + + + +
Porphyria + + + + +
Wilson disease +/— + + +/— "
CBS deficiency + + +/— +
CTX + + + +
MLD + +
GM,;, gangliosidosis + + + + +
NPC + + + + +
o-Mannosidosis + + + +
B-Mannosidosis + +
ALDc + + +
Nonketotic + +
hyperglycinaemia
Monoamine oxidase A + +
deficiency
Creatine transporter + +
deficiency
Succinic semialdehyde + +

dehydrogenase deficiency

ALDc, cerebral adrenoleukodystrophy; CBS, cystathionine B-synthase; CTX, cerebrotendinous xanthomatosis; MLD, metachromatic
leukodystrophy; MTHFR, methylene tetrahydrofolate reductase; NPC, Niemann—Pick type C.

+, frequently reported; +/—, unusual; empty cell, not reported.

@ Springer



636

J Inherit Metab Dis (2007) 30:631-641

Table 4 Treatment used in psychiatry and which may aggravate metabolic diseases®

Disease Drug(s)

Mechanism

Urea cycle disorders
Porphyrias

Wilson disease

GM,; gangliosidosis
Respiratory chain disorders

Valproate
Neuroleptics

Valproate

Imipramine, meprobamate, methyprylon

Tricyclic antidepressants, phenothiazines

Blockage of urea cycle
Porphyrogenic

Blockage of D, dopamine receptors
Increased lipid storage?

Blocks the respiratory chain

#Of note, when catatonia occurs, recommended symptomatic treatment is lorazepam but antipsychotic drugs should be avoided as

they may provoke malignant catatonia (Cohen et al 2005).

symptoms were behavioural changes (irritability,
aggression, personality change, incongruous behaviour,
disinhibition) or depression. There was a positive
correlation between psychiatric symptoms and neuro-
logical abnormalities. Dysarthria was the best pre-
dictor of psychiatric illness. Psychosis was found in
only 1% of cases. Akil and colleagues (1991) found

Fig. 1 Diagnostic strategy to
guide metabolic investiga-
tions in a patient with
atypical psychiatric signs.
AAC, amino acids

psychiatric symptoms at onset in 64.8% of 42 patients
with Wilson disease. Again, behavioural changes were
found in 70% of cases (irritability, emotionality,
aggression, anger), followed by depression, cognitive
decline, anxiety, and in less than 10% of cases,
psychosis or catatonia. Neuroleptics must be avoided
because they may provoke an acute progressive

Atypical Psychiatric signs:
search for an organic disease

chromatography (plasma);
OAUQC, organic acids
chromatography (urine)

Acute situations
(acute or subacute confusion
with somatic signs i.e.
digestive signs, cephalalgias)

}

Brain imaging, EEG
common biological
investigations,
toxicologic studies,
ammonemia.
Homocysteinemia.
Suspect porphyrias
depending on clinical

signs (see table 1)

}

Start specific treatment
and confirm diagnosis

/\

| Chronic situations

Search for more common diseases (brain imaging, standard
biological investigations, electroencephalogram etc.) and
wait.
Suspect an IEM when:
(1) Other common organic causes have been eliminated
(2) Association with somatic signs including mental retardation or
cognitive decline
(3) Acute onset, aggravation with treatment, food intake, surgery...
(4) Atypical psychiatric signs (catatonia, visual hallucinations)
(5) Family history is informative

Group 3: Chronic disease

with mild mental retardation
and behavioral changes

Group 2: Chronic disease with
late onset psychiatric signs
and no mental retardation

Search for infra clinic
somatic signs:
electrodiagnostic studies,
ophtalmologic examination,
abdominal ultrasonography

l

NORMAL ABNORMAL NORMAL
Homocysteinemia, AAC, OAC,
Ceruleoplasmin, See Table 1 homocysteine,
Hexosaminidases brain spectroMRI
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syndrome with akinesia and rigidity which may
progress despite treatment with copper chelators
(Chroni et al 2001).

Cystathionine B-synthase deficiency usually mani-
fests with mild mental retardation, lens dislocation,
Marfan-like appearance and thromboembolic compli-
cations. Psychiatric complications occur in as many as
51% of adult patients (Abbott et al 1987) and include
behavioural disorders (physical violence, drug or
alcohol abuse), personality disorders (hyperactivity,
overdependence, unusual appearance, lack of inhibi-
tion), depression and obsessive-compulsive disorder.
Schizophrenia or psychotic episodes have been
reported in several case reports but remain very
uncommon in large studies (Abbott et al 1987; Mudd
et al 1985; Ryan et al 2002).

Cerebrotendinous xanthomatosis usually present
with juvenile cataracts and tendinous xanthomas,
cerebellar ataxia, spastic paraparesis and dementia. In
addition, Berginer and colleagues (1988) found
4 patients with a psychiatric presentation among
35 patients. All patients developed tendon xanthomas
before occurrence of psychiatric signs. Three patients
had psychotic features including catatonia (1 patient),
delusion with auditory hallucinations (2 patients) and
personality changes. Three patients exhibited cogni-
tive decline consistent with dementia. Treatment with
chenodeoxycholic acid produced stabilization or
improvement of psychiatric signs.

Late-onset or milder forms of nonketotic hyper-
glycinaemia may present in adolescents or adults with
a previous history of infantile hypotonia, mild mental
retardation or attention deficit hyperactivity disorder
(ADHD). Subsequently patients may develop behav-
ioural problems including outbursts of aggressiveness
and sexual impulsivity (Dinopoulos et al 2005). There
may be a partial response to treatment.

Succinic semialdehyde dehydrogenase deficiency
has been reported in several adult patients with
varying degrees of mental retardation and speech and
behavioural problems including autistic-like features,
hallucinations, disabling anxiety, aggressive behaviour,
sleep disorder and occasional catatonic posturing.
Patients may also exhibit seizures and increased
T,-weighted intensity of the globus pallidus on brain
MRI (Gibson et al 2003). Benzodiazepines were
reported to be very effective for behavioural problems
(Gibson et al 2003).

Case report

A 21-year-old man was investigated because of behav-
ioural disturbances. His history was remarkable for a

chronic axonal sensorimotor polyneuropathy diag-
nosed as ‘Charcot-Marie-Tooth disease’. He experi-
enced difficulties in school. He was reported to
have relational difficulties from early childhood that
increased during adolescence when he was hospitalized
in a psychiatric department because of aggressiveness
against his mother (he threatened her with a knife) and
oppositional behaviour. Association of psychiatric
problems with polyneuropathy led to metabolic inves-
tigations that disclosed a very high concentration of
cholestanol reminiscent of cerebrotendinous xantho-
matosis. Interestingly, no xanthoma and no cataract
were found. Neuropsychological testing showed a mild
frontal syndrome.

Chronic less treatable diseases

Several lysosomal storage diseases may present as
isolated psychiatric disorders in adulthood. These
purely psychiatric presentations can be observed in
metachromatic leukodystrophy, late-onset GM, gan-
gliosidosis, and Niemann-Pick type C disease. Meta-
chromatic leukodystrophy is suggested by brain MRI,
which shows a periventricular leukodystrophy. Adult
forms with psychiatric onset are particularly frequent
in heterozygotes for the 1179S mutation (Rauschka
et al 2006). Initial psychiatric symptoms can mimic
schizophrenia including delusion, hallucinations, disor-
ganized behaviour and social dysfunction (Baumann
et al 1991). Mental deterioration is often contempora-
neous with psychiatric symptoms and is consistent with
frontal lobe dysfunction. The clinical picture is com-
pleted after several years or decades by neurological
dysfunction (dementia, spastic paraparesis, cerebellar
ataxia, polyneuropathy). Late-onset GM, gangliosido-
sis usually presents with lower motor neuron disease,
cerebellar ataxia or dystonia (Gravel et al 2001). In
addition, psychiatric signs are relatively common,
affecting around 20-40% of patients (Gravel et al
2001; Navon 1991; Neudorfer et al 2005). They may
remain isolated for years before appearance of motor
signs or may appear later. Acute episodes of psychosis
are characteristic. During attacks, patients often ex-
hibit delusions of persecution, disorganization of
thought, agitation, and hallucinations which may
persist more or less between attacks. Less commonly,
mania or depression can be observed (Argov and
Navon 1984; Federico et al 1991). Tricyclic antidepres-
sants and phenothiazines are poorly effective and may
worsen psychiatric signs (Hurowitz et al 1993). Adults
with Niemann-Pick type C disease may also suffer from
isolated psychiatric problems for years. In the study of
the adult form of Niemann-Pick disease type C by Sevin
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and colleagues (2007), psychiatric troubles constituted
the presenting feature in 36.4% of patients. Psychiatric
signs were usually consistent with psychosis, but other
types of psychiatric disturbances included major
depressive episodes, transient isolated visual halluci-
nations, bipolar disorders and obsessive-compulsive
disorders. Onset could be progressive or acute, with
spontaneous remissions and relapses. Most patients who
presented with psychosis as the initial manifestation of
the disease did not have abnormalities at neurological
examination, and therefore were diagnosed as having
schizophrenia or other forms of psychosis. Splenomeg-
aly was, however, an almost constant feature (in 90% of
patients) when searched for using ultrasonography.
Vertical oculomotor apraxia is a characteristic feature
of the disease but may appear later and may be missing
in around 20% of cases. a-Mannosidosis is characterized
by mild mental retardation, progressive neurosensory
hearing loss, recurrent infections, skeletal dysmorphism
and progressive neurological signs including visual loss,
cerebellar ataxia and pyramidal signs (Gutschalk et al
2004; Niemann et al 1996). In addition, from puberty
or adolescence, patients may exhibit recurrent epi-
sodes of confusion and psychosis including delusion
and auditory and visual hallucinations. These may last
3-12 weeks and are followed by a period of somno-
lence and asthenia (Gutschalk et al 2004; Malm et al
2005). Patients with B-mannosidosis usually present
with mild retardation, upper airway infections, angio-
keratomas, mild dysmorphia and hearing loss (Bedilu
et al 2002). Behavioural disturbances including hyper-
activity or aggressiveness are found in around two-thirds
of patients (Bedilu et al 2002). We have reported the
case of a 19-year-old man with B-mannosidosis who
exhibited features of Gilles de la Tourette’s syndrome
(Sedel et al 2006). Sanfilippo syndrome (MPS III) is a
cause of major childhood disintegrative disorder, but a
few adult-onset cases have been reported who pre-
sented mainly with a progressive dementia (Berger-
Plantinga et al 2004). Van Diggelen et al (2001)
reported the cases of two sisters with palmitoyl-protein
thioesterase deficiency (CLN1) who developed depres-
sion in adulthood followed by progressive dementia
and bilateral optic atrophy. In patients with Fabry
disease, an increased frequency of depression and
suicide has been reported (Grewal 1993).

Late-onset forms of cerebral adrenoleukodystrophy
(ALD), which represent less than 5% of cases of
adrenoleukodystrophy, are almost exclusively seen in
hemizygous men (Moser 1997). In addition, 20% of
cases of adrenomyeloneuropathy (the most common
form in adults, which is dominated by a progressive
spastic paraparesis), develop a cerebral ALD (Van
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Geel et al 2001). The majority adult patients with
ALD described so far have exhibited some kind of
psychiatric signs which preceded motor signs for years
(reviewed in Rosebush et al 1999). Psychiatric symp-
toms included behavioural changes, mania, depression
or acute episodes of psychosis (Angus et al 1994;
Sereni et al 1987).

Several disorders of intermediary metabolism may
manifest with mild mental retardation and behavioural
disturbances. Brunner and colleagues (1993) described
a single Dutch family with X-linked monoamine
oxidase type A (MAOA) deficiency. Fourteen males
in this family exhibited mild mental retardation and
abnormal aggressiveness which tended to cluster in
periods of 1-3 days, during which they slept very little
and experienced night terrors. During these periods of
abnormal behaviour, they also undertook arson,
attempted rape of female relatives, and showed
exhibitionism and voyeurism. Such abnormal behav-
iours were suggested to be linked to high brain
concentrations of serotonin and dopamine, normally
catabolized by MAOA. Female carriers of mutations
in the creatine transporter gene (SLCAS8) may exhibit
mild mental retardation and behavioural disturbances
(mainly aggressiveness). Affected males show a more
diffuse clinical picture including behavioural distur-
bances but with more severe mental retardation,
intestinal problems, movement disorders, seizures and
myopathic-like face (Hahn et al 2002). Some studies
have reported psychiatric disorders in patients with
respiratory chain disorders (Fattal et al 2007). Howev-
er, these psychiatric manifestations rarely represent a
main characteristic of the clinical picture.

Case report

A 40-year-old woman had normal psychomotor devel-
opment, with normal schooling, and worked as an
employee in a supermarket. She had two normal
pregnancies. When 30 years old she suffered from an
acute persecutive delusion with acoustic hallucina-
tions. Persistent delusion led to the diagnosis of late-
onset schizophrenia. Despite chronic therapy with
neuroleptics and mood stabilizers, she experienced
eight delusion relapses in 6 years, requiring hospital-
ization each time. She refused medical follow-up for
the next 4 years. At the age of 40 years, neurological
examination revealed vertical supranuclear ophthal-
moplegia, cerebellar ataxia, pyramidal signs, left upper
limb rest tremor and rigidity. Abdominal ultrasonog-
raphy disclosed hepatomegaly and splenomegaly. The
diagnosis of Niemann—Pick disease type C was made
by demonstrating accumulation of free cholesterol in
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cultured fibroblasts with filipin staining and confirmed
by the molecular analysis of the NPCI gene (Sevin
et al 2007).

Diagnostic strategy in a patient with a psychiatric
presentation

An IEM is usually suspected in a patient with
psychiatric problems in several situations (for a
general diagnostic approach to IEMs in children and
adults, see Saudubray et al (2006) and Sedel et al
(2007)): (1) when the family history is suggestive of
recessive or X-linked genetic transmission or when an
IEM has already been identified in the family; (2)
when clinical signs are triggered by conditions leading
to increased protein catabolism, such as fever, food
intake, surgery or prolonged fasting; (3) when signs of
a more diffuse clinical picture are present including
neurological signs of cognitive and motor dysfunction
as well as systemic signs (skin problems, ophthal-
mological signs, visceral signs, etc.).

The problem is more difficult when psychiatric signs
are initially isolated without a familial history or
clinical somatic involvement. In addition, it iS some-
times difficult, in a patient with somatic signs, to
determine whether psychiatric problems are due to
the same disease. Furthermore, somatic signs may not
be evident after a clinical examination (for example,
leukodystrophies may be missed if a brain MRI is not
performed; cataract or xanthomas may not be symp-
tomatic; organomegaly is often clinically missed in an
adult). It is therefore important to determine which
psychiatric symptomatology points to an IEM and
should lead to further investigations. From a careful
reading of the literature and based on our own
experience, the type of psychiatric presentations of
IEMs are summarized in Table 3. From this compi-
lation, diseases can be schematically classified into
three groups.

Group 1 includes diseases with acute and recurrent
attacks of confusion and behavioural changes which
are usually associated with somatic signs (gastrointes-
tinal signs, cephalalgia, dysautonomia, pyramidal signs,
alteration of consciousness). This group includes
emergencies: urea cycle defects, homocysteine
remethylation defects and porphyrias.

Group 2 includes diseases with isolated psychiat-
ric signs arising in adolescence or adulthood in a
previously normal patient. This group includes homo-
cystinurias (homocysteine remethylation defects and
cystathionine B-synthase deficiency), Wilson disease,
and neurolipidosis (metachromatic leukodystrophy,

GM, gangliosidosis, Niemann-Pick type C disease,
adrenoleukodystrophy and rare cases of cerebrotendi-
nous xanthomatosis). Patients in this group may
initially present with recurrent psychotic attacks,
chronic delusion or disorganized behaviour which
may mimic schizophrenia. It also includes behavioural
and personality changes. Diagnostic problems are
especially difficult in this group given the relative
nonspecificity of psychiatric signs, especially when they
remain isolated for years or decades. However, cata-
tonia, visual hallucinations and deterioration with
treatments (see Table 4) are all atypical features that
suggest an IEM.

Group 3 includes patients with mild mental retar-
dation since childhood and disorders of behaviour or
personality with no definite psychiatric syndrome.
This group includes homocystinurias, cerebrotendi-
nous xanthomatosis, nonketotic hyperglycinaemia,
monoamine oxidase A deficiency (only one family
described so far), succinic semialdehyde dehydroge-
nase deficiency, creatine transporter deficiency, and
o- and B-mannosidosis.

Based on this classification of IEMs into three
groups, we propose a simple diagnostic strategy aimed
at guiding metabolic investigations (Fig. 1). It should
be emphasized that this review is based on current
knowledge concerning adult metabolic diseases, but
given the rapid evolution of the knowledge in this field
this strategy should be adapted and implemented
according to the personal experience of each reader.
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